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INTRODUCT ION

Y
¥

This is the sixth compilation of Community research formats to be produced
by the Commission.

The following guidelines were used in compilation of the index which is in

two volumes for convenience :

1) the first page relevant to each project is always on the right hand side
of the document when opened ;

2) ALl pages have a number, even if blank. &

3) within each class (chapter) the formats are assembled in the following
order of country : Belgium

Germany

Denmark

France

Ireland

Italy

— JRC Ispra

Luxembourg
Netherlands
United Kingdom

4) Updated formats will be inserted in the relevant replacement position.
wWhen additional pages have to be inserted they will be numbered with
the proceeéing page number plus an oblique and an extra number (for
example page 53/1 will be inserted following page 53).

5) Formats for new projects will normally be inserted following the last
format of the relevant country within that class (chapter).

6) If a project is entered under more than one class (chapter), the full
format 1s given only once in the most important position.
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Classification: 1

Title: Country:

DENMARK

Sponsor: Rjsg
National Lab-

Qratary
: Organization: Ris¢
Title NORCOOL. A Model for Analysis of a Qrganization:, X
BWR under LOCA Conditions. - . oratory
Scientists:

Initiated date: Septembelr 1976 Completed date:

. Rathmann
.5. Andersen

 Status: unaer development . Astrup

. Bech
,» Rosdahl

1.

_.P. Albraten
P. Hansen
J. Kotakorpi
M. Gregory

GCeneral aim

Development of a model for analysis of a BWR under LOCA

conditions. .

Particular obijectives

NORCOOL is a model for analysis of a BWR during LOCA
conditions and for the evaluétion of the performance of the
ECC system.

NORCOOL is based on a detailed mechanistic modeling of
the individual phenomena during a LOCA for a BWR. The two-
phase flow model is based on a fully independent description
of the phases, which allows counter current flow and thermo-
dynamic non-equilibrium. The heat transfer accounts as well
for the wall heat transfer as for the interfacial heat transfer
and contains conduction, convection and radiation heat transfer.
The heat conduction model is based either on the one-dimensional
Fourier equation with two-dimensional conduction at quenching
fronts represented through correlations, or on the two-
dimensional Fourier equation assuming rotational symmetry.

!



NORCOOL consists of two proiects NORCOOL-I and NORCOOL-IT.
NORCOOL~T is a further development of RHC and thus contains
only one fuel elemenc, and the rest of the primary system is
scaled accordingly. In NORCOOL-II, however, an arbitrary
number of pavallel fuel elements in the core and the whole
primary system inside the vaossel may be represented as a net-
work of coupled heated or unheated one-dimensional flow

channels.

Experimental facilities and programme

Project status ,

1. Progress to date

NORCOOL~I is in the completion phase.’
NORCOOL~II is under development.

2. Essential results

Next steps

Relation with other projects

The NORHAV project includes:

a) The core heat-up programme RHC, Risg.

b) A one-dimensional blow down computer program NORA for
reactor systems under development at IFA, Norway.

¢) The Danish transient subchannel computer program TINA, the
combined transient subchannel and 3-dimensional nodal
neutronics program ANTI and the one~-dimensional -blow down
code RISQUE under development at Risg.

d) Updating of COBRA 3~-C and RELAP 4 by STF, Finland and Studs-
vik Energiteknik, Sweden.

e) A 64-rod (electrically heated) core heat-up experiment by
Studsvik Energiteknik, Sweden.

Reference documents

J.G.M. Andersen, P.S. Andersen, P. Astrup, N. Bech, J. Eriksson,
R. Holt, H.V. Larsen, J. Miettinen, A. Olsen, NORCOOL, A Model
for analysis of a BWR under LOCA Conditions, NORHAV-D-47,
August 1977.
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Jens G. ’'Munthe Andersen, The Modelling of the BWR in NORCOOL-II,
NORHAV-D-37, February 1977,

8. Degree of availability.
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TITRE

Accident de perte de caloporteur dans les

réacteurs 3 eau pressurisée : codes lére
génération,

Pays
FRANCE

Organisme Directeur
CEA/DSN

TITLE (Anglais)

Organisme exécuteur

. CEA/DSN~-SRS/SEAREL
LOCA and ECCS studies on PWR : first
: des.
generatxon codaes Responsa.ble
Data de démarrage Etat actuel Scientifiques

01/01/71 en cours

Derniére mise 3 jour
01/79

Date d'achévement

1. OBJECTIF GENERAL

Utiliser les codes de lére génération (essentiellement la famille RELAP 4)
pour faire des calculs d'interprétation ou prévisionnels d'expériences
frangaises et étrangéres. Ce travail devrait permettre de déterminer les
possibilités de ces codes, leur limitation et les meilleures optioms 2
utiliser lorsque seront faits les calculs pour 1'évaluation de sfireté des

réacteurs de puissance.

2. OBJECTIFS PARTICULIERS :

1) Etude des options des codes RELAP 4 mod 5 et mod 6.

2) Qualification des codes sur expériences OMEGA et problémes standard

CSNI.
3) Précalculs de 1l'expérience EURATOM LOBI.
4) Calculs préliminaires PHEBUS.

5) Calculs de sensibilité pour les réacteurs de puissance.

3. ETAT DE L'ETUDE

-~

1) Avancement 3 ce jour

- Les calculs préliminaires PHEBUS sont terminés (voir fiche PHEBUS) ;
ils ont permis de mesurer la sensibilité des différents paramétres

essentiels & la conduite des essais ; ces études
d 1'établissement de la grille des essais.

servent de base

- Des études de renoyage relatives & PHEBUS ont été réalisées avec les

codes CERES et RELAP FLOOD.

o




. 2.

~ Le probléme standard CSNI n° 5 (dépressurisation sans chauffage de
LOFT avec injection de sécuritd) a &té calculé au moyen du code
RELAP 4 mod 5 en tant que calcul prévisionnel de 1'expérience. Le
probléme standard n° 7 qui est une expérience de renovage ERSEC est en
cours de calcul au moyen du code RELAP 4 mod 6. Le probléme standard
n° 8 (expérience de dépressurisation et de renoyage SEMISCALE préparant
un essai LOFT) est en cours de préparation au moyen du code RELAP 4

mod 5.

- L'interprétation des essais OMEGA est en cours. On a surtout fait
porter l'effort sur un essai sans chauffage et avec chauffage.

- LOBI : les premiers calculs prévisionnels LOBI définis dans la grille
d'essais proposés par la France et adoptés par le Groupe d'ISPRA ont
été effectués au moyen du code RELAP 4 mod 5.

Ces calculs correspondent 3 la partie '"'grosses bréches" du programme
et leur interprétation est en cours par confrontation des calculs des
différents participants,

- Le ler calcul concernant la phase de dépressurisation de 1'ADR d'un
réacteur de puissance a été réalisé. Il s'agit d'un calcul "physique",
certains modéles d'évaluation de la version du mod 5 utilisée, ayant
présenté des erreurs. Une mise 3 jour du code vient d'€tre effectuée.

2) Résultats essentiels

- Les calculs préliminaires PHEBUS ont montré 1'importance relative des
paramétres puissance linéique maximale, taille de bré&che, localisation
de la bréche, pression interne initiale des crayons. Dans 1'état actuel
des modéles ce dernier paramétre semble n'avoir que peu d'influence.

Les calculs ont montré la nécessité de bien prendre en compte les fuites
thermiques dans toute la boucle. Enfin un certain nombre de paramétres,
propres i la boucle, se sont révélés comme trés importants : citons
principalement la perte de charge de la vanne VA EP 14 qui permet de
by-passer le circuit de charge au début du transitoire et la perte de
charge des creusets en débit direct et inverse.

- Les calculs de remoyage avec RELAP 4-FLOOD ont permis de déterminer
les conditions de fonctionnement de ce code et ont montré la nécessité
de bien contr8ler les conditions initiales du renoyage dans PHEBUS du
fait de la petitesse du volume coeur (3 dm3) par rapport au volume du
_plenum inférieur (56 dm3) étant donné qu'une dilatation de 1l'eau conte=w
nue dans ce dernier volume pourrait accélérer le remplissage du coeur.

~ Les premiers calculs OMEGA ont &té effectués avec la version RELAP 4
mod 3. Il s'est avéré que pour bien rendre compte des essais sans
chauffage il était nécessaire :

1°/ d'utiliser le débit & la bré&che de MOODY avec un facteur Cp = 0.6
2°/ d'utiliser le modéle de séparation de phases dans le plenum opposé

a la breéche.
Les calculs ont 8té ensuite repris avec la version améliorée RELAP &
mod 5.
I1 faut avec cette. version :

. . - - . . ’ -

1°/ utiliser le modéle homogéne &quilibre 3 la bréche.

2°/ utiliser le modéle de glissement entre phases dans la section
d'essais et dans les plenums,.




3.

Les résultats de cette version semblent plus proches de 1'expérience
que ceux de la version mod 3 partlcullerement en ce qui concerne les

-

grandeurs & variation lente (P, Ty, M).

L'interprétation des essais avec chauffage a montré des déficiences

quant au calcul des transferts de chaleur, les causes pouvant gtre

soit au niveau des corrélations elles-mémes, soit au niveau des condltlons
locales du fluide intervenant dans les corrélatiomns.

L'étude des phases de dépressurisation et de début de rempllssage au
cours de 1'ADR d'un réacteur de 900 MW a été réalisée. Il s'agit d'un
premier calcul avec les modéles dits "physiques" du code..le réacteur .
a 8té modélisé par 49 volumes et 65 jonctions. Le coeur est représenté
par un canal chaud, .un canal moyen et une zone de "by-pass'. Le combus~
tible est découpé en 7 zones dans le canal moyen et en 9 zones dans le
canal chaud. .

Le cacul a été poursuivi jusqu'd 28 s. de temps réel d'accident.
L'injection ded accumulateurs a fonctionné i 12,5 s. Le temps total de
calcul est de 3 h. sur IBM, la plus grande partie de ce temps correspon-
dant 3 la phase de remplissage.

La calcul du probléme standard n® 5 a montré la nécessité de modéliser

la zone annulaire par deux volumes en paralléle, l'un relié 3 la branche
rompue et l'autre 3 la branche intacte, afin de permettre 3 la vapeur de
s'échapper durant la phase d'injection de 1'eau de secours. Les propor-

.tions entre ces 2 volumes sont 1/3 et 2/3.

PROCHAINES ETAPES ' ) J

Un calcul d'accident réacteur avec les modéles d'évaluation est en cours.

Il pourra servir de base & une &tude de sensibilité ultérieure. Des
études de scénarios particuliers d'accidents pourront &tre réalisés.

OMEGA : poursuite d'interprétation des expériences en grappes et
expériences avec une meilleure instrumentation.

-Utilisation du code RELAP 4 mod 6 dés que les tracés de courbes liés

d ce code seront opérationnels.

LOBI : Adaptation de certains coefficients physiques (telle que perte
charge) aprés les premiers essais physiques préliminaires réalisés sur
la boucle.

Poursuite des calculs des 2 problémes standards en cours : N° 7 et 8.

RELATIONS AVEC D'AUTRES ETUDES

Expériences OMEGA, ERSEC, CANON, MOBY DICK, EDGAR, PHEBUS, code FLIRA 2
et code POSEIDON.

DOCUMENTS DE REFERENCE

"OMEGA : depressur1sat10n adiabatique. Analyse par le code RELAP 4",
M. MEZZA, Note Technique SETSSR 77-193.

"Boucle Blowdown (LOBI) — ISPRA. Calcul de référence réalisé au DSN &
1'aide du code RELAP 4 mod 3"
A. SONNET, Note Technique SETSSR 77-209.




- Publicationm PHEBUS (voir fiche PHEBUS 147-1 - 01).

~ Premier calcul de 1%accident de référence d'un réacteur de 900 MW

avec le ¢code RELAP 4 mod 5.
R. POCHARD, H. TARTU .(Note Technique SEAREL 78/02)

- Utilisation du code RELAP 4~FLOOD pour 1'étude de la phase renovage

dans PHEBUS. . .
N. TELLIER et H. TARTU (Note Technique SEAREL 78/01).

-
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TITRE Pays
DEVELOPPEMENT DE MODELES ET CODES DE CALCUL
DE 2€ GENERATION POUR L'ETUDE DE L'ACCIDENT FRANCE
DE PERTE DE CALOPORTEUR DANS LES REACTEURS
A EAU PRESSURISEE : Organisme Directeur
Programme général coordonné. CEA-DSN
EDF-SEPTEN
TITLE (Anglais) . Organisme exécuteur
CEA - EDF
DEVELOPMENT OF ADVANCED MODELS AND ADVANCED
CODES FOR THE STUDY OF THE LOCA IN PWR :
Coordinated general program. Responsable
Date de démarrage Etat actuel Scientifiques
01/01/77 en cours
Date d'achévement ‘ Derniére mise 3 jour
31/12/8% 1/79

1. OBJECTIF GENERAL

Elaboration de codes avancés amenés & remplacer les codes de 18T® ggnéra-
tion pour le calcul des accidents de perte de caloporteur dans les réacteurs
3 eau pressurisée,

2. OBJECTIFS PARTICULIERS

2.1 = Ecriture de modéles physiques

- e . gt g G — — - — — S — - ——

Ces modéles doivent décrire 1l'ensemble des phénoménes physiques interve-
nant au cours des diverses phases de l'accident (les plus importants
sont soulignés) :

Les modéles mis au point pour CLYSTERE sont en partie utilisés

- Ecoulement diphasique | D

- Singularités géométriques
- Bréche 1D
- Piquage pressuriseur

.

- Injection de secours

- Ecoulement et transfert de chaleur en dépressurisation

- Ecoulement et transfert de chaleur en amont du front de trempe

- Ecoulement et transfert de chaleur en aval du front de trempe

- Conduction 2 D - Modéle de front de trempe

g
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- Volume O D
- Downcomer

- Volume 3 D

-~ Piquage sur volume

- Thermomeécanique des crayons

- Singulérités complexes

- Cross flow

-~ Bréche 3 D

-~ Neutronique

~ Ecoulement air eau vapeur

-~ Séparation sur les structures
-~ Modéle de flooding

~ Modéle de pompe

2.2. Validation des modéles physiques

Chaque modéle doit €tre validé sur des expériences frangaises
(voir liste au paragraphe 3) ou &trangéres.

2.3, Elaboration d'un systéme informatique (POSEIDON)

— — — . — ot e MR GARA e O SO e e D0 e e e

Cette élaboration comprend les tdches suivantes :

~ mise au point d'un langage et d'un systéme de gestion de
mémoire (ESOPE, OTOMAT)

~ écriture des fonctions de 1l'eau

- écriture de banque de données, de bibliothéques
~ écriture de moniteurs

~ assemblage du systéme.

-

Ce systéme doit conduire 3 un code de type modulaire.

2.4. Méthodes numériques

— - — > oman v —

Ces é&tudes ont pour but d'optimiser le temps de calcul tout en
assurant le maximum de souplesse possible, Ces Eétudes comprennent
les ti3ches suivantes :

-~ Développement de méthode numérique d'assemblage de modules :

. méthode par fonction de transfert
. méthode SOR

- Mise au point d'algorithme permettant d'avoir :

. des pas en temps variables selon 1'abscisse
. des pas en espace variables selon le temps

- Qrganisation des méthodes numériques utilisées dans la réso-
lution des équations de 1l'écoulement, de la conduction ... .

.
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2.5. Ecriture des modules

Ces modules doivent &tre &crits dans le cadre du systéme POSEIDON,
Ils doivent &tre ensuite assemblés au fur et 3 mesure des besoins
dépouillement d'expériences, problémes standard, calcul réacteur.

Les modules recensés sont les suivants :
- Ecoulement
- Singularités
- Breéche
- Volume 0D
- tuyau non chauffant
- tuyau avec piquage type piquage pressuriseur

- tuyau chauffant en dépressurisation

- tuyau chauffant en renoyage

- tuyau avec piquage injection de secours

- pompe

- plenum supérieur

- plenum inférieur

-~ downcomer

- générateurs de vapeur

- crayon combustible

- canal en dépressurisation
- canal en renoyage

- neutronique

- coeur en dépressurisation
- coeur en renoyage

~ coeur en renoyage de type simplifié
- accumulateur

- pressuriseur

- couvercle

- baffles

Confinement : =~ &coulement entre casemates
- enceinte

2.6, Réalisation d'assemblages

Les assemblages seront réalisés pour interpréter les expériences
données ci-dessous et dans l'ordre suivant :

OMEGA et CISE
MARVIKEN
AQUITAINE
ERSEC systéme




PKL

SEMISCALE rencvage
PHEBUS

LOFT - SEMISCAILE
LOBI

;

L'assemblage réacteur est l'étape finale de réalisation du code
avancé.

3 - INSTALLATIONS EXPERIMENTALES ET PROGRAMME

Ces expériences servent de base 3 la validation des modé&les physiques.

MOBY DICK Ecoulement diphasique (voir fiche 145-1-~03)
Ecoulement critique (basse pression)

SUPER MOBY DICK Ecoulement diphasique (voir fiche 145-1-03)
Ecoulement critique (haute pression)

CANON Ecoulement diphasique en (voir fiche 145-1-06)

SUPER CANON dépressurisation adiabatique

MARVIKEN-CFT Ecoulement diphasique critique (participation au pro-
d grande échelle gramme international)

(voir fiche 145~-1-02)

/

OMEGA Ecoulement et transfert de (voir fiche 145-1-06)
chaleur en dépressurisation

ERSEC Ecoulement et transfert de '(voir fiche 145-1-07)
chaleur en renoyage
modéle de front de trempe

EPIS Injection de secours (voir fiche 145-1-05)
EVA, EPOPEE Pompe en diphasique (EVA programme FRA-CEA)
(EPOPEE programme EDF)
EDGAR Thermomécanique de la gaine (voir fiche 145-2-03)
du combustible
PHEBUS Thermomécanique du combustible (voir fiches :Z;:::g;)
Cuve LNH Downcomer en monophasique ( programme E.D.F. )
REBECA Ecoulement diphasique air-eau (voir fiche 145-1-09)
vapeur entre les casemates
ECOTRA Condensation dans les enceintes (voir fiche 145-1-08)
AQUITAINE Interaction comportement mécanique
écoulement

.
s

4 - ETAT DE L'ETUDE

4,1. Avancement i ce jour

4.1.1. Elaboration du systéme informatique
ESOPE - OTOMAT

De nombreux programmes sont actuellement &crits en langage ESOPE qui
est ainsi testé de fagon pratique.

.




Fonctions de 1'eau

Le jeu de fonctions qui avait été réalisé a &té progressivement amé-

-

lioré au cours des utilisations. Un découpage des tables a été réalisé.

Banques - bibliothéques

Une premiére version des banques et biblioth&ques est actuellement
opérationnelle. Elle permet le traitement de composants ne comportant
que deux connections (entrée-sortie),

Moniteurs

Une premiére version des moniteurs est actuellement opératiomnelle,
Cette version est effectuBe avec l'itérateur ITSOR basé sur la méthode
numérique de couplage SOR (voir paragraphe suivant).

Ces moniteurs permettent le traitement de composants ne comportant

que deux connections (entrée-~sortie).

Mini-systémes

Un assemblage 3 3 composants (tuyauteries) a été testé avec les ver-
sions des banques, bibliothéqueset moniteurs décrits awparagraphes
précédents.

4.1.2. Méthodes numériques

Méthodes numériques d'assemblage

Des tests ont ét& effectués sur la méthode par fonction de transfert
sur des assemblages de tuyauteries décrits par les codes SERINGUE
puis HEXECO.

La méthode SOR a &€té introduite dans le systéme POSEIDON.

Optimisation des méthodes numériques

Le temps de calcul du module écoulement a &té amélioré en particulier
par l'introduction de dérivées analytiques en remplacement des déri-
vées numériques. Des temps de calcul comparables entre le module 3

6 équations et le module SERINGUE ont &té obtenus.

Un travail de comparaison de méthodes numériques a &té démarré. Ce
travail consiste en 1l'exécution d'un premier probléme test frangais
(calcul CANON). I1 comprend également la participation au probléme
standard numérique de 1'OCDE/CSNI.

4.1.3. Ecriture des modules. Développement et validation des
modéles physiques

Module écoulement

Le module d'écoulement HEXECO 001 a été introduit dans POSEIDON.

L'interprétation des essais MOBY DICK eau-air a été& reprise. Une
forme améliorée des termes de transfert de quantité de mouvement en
a été déduite.

Des identifications avec d'autres modéles d'&coulement ont &té
réalisées pour élargir la gamme de validité du mod@le d'é&coulement.

.
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6
Module singularités
Ce module a &té &crit sous forme d'8quations de saut 3 partir de la
formulation & 6 équations HEXECO.

M i s o s o v K, M 0 M. S 2 P S g W RS O D M it o e

Le traitement de parois chauffantes a été ajouté au module écoulement,
Le module tuyau chauffant en dépressurisation ainsi constitué

(HEXECO 004) a été testé et est actuellement utilisé pour des premiers
dépouillements partiels (limités au tube chauffant) des essais OMEGA.
Ce module comprend les améliorations numériques indiqudes au paragraphe
4.2.

e i s e o s € e e o et e

- Code FLIRA
Différents modéles ont été incorporés au code FLIRA :

. modéle de glissement algébrique.
. modéle B de coefficient d'é&changes au niveau du front de trempe.

Des tests de méthodes numériques ont &té également effectués.
Des comparaisons de calculs .FLIRA et de calculs effectuds avec le code
PSCHIT ont &té faits pour vérifier le traitement du front de trempe.

- Modéle d'écoulement en amont du front de trempe.

Le calcul de 1'&coulement a &té réalisé avec le modéle drift flux.
Les résultats de ce calcul ont été comparés avec les résultats expé-
rimentaux.

- Modéle d'écoulement en aval du front de trempe et modéles de
transfert de chaleur.

La mise au point d'un jeu de modéles ayant regu une premidre valida-
tion sur les essais ERSEC est en cours.

~ Modeéle de front de trempe.

La corrélation de coefficient d'échange au niveau du front de trempe
(modéle B) mise au point avec l'aide du code PSCHIT a été &tendue
aux pressions allant jusqu'a 5 bars.

Des tests de sensibilité lorsque l'on transpose les calculs au
combustible ont été& poursuivis. Des tests numériques de sensibilité
au maillage ont été également effectués.

Les ajustements du modéle en écoulement monophasique dans les 4 qua-
drants ont donné des résultats en assez bon accord avec les résultats
expérimentaux, sauf dans le 28me quadrant,

Des calculs en &coulement diphasique ont &té& faits sur les essais

EVA et EPOPEE. Des difficultés de prévision des phénoménes de dégrada-
tion des caractéristiques sont rencontrées dans l'interprétation des
essais EVA, Le calcul des essais EPOPEE indiquent des blocages soniques
(limitation du débit). Ces derniers résultats doivent &tre vérifiés

par de nouvelles analyses.

]
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Module tuyau avec piquage injection de secours

Un premier modéle d'oscillations a été écrit et permet de retrouver
qualitativement les résultats expérimentaux. Ce modé&le est en cours
d'amélioration.

Module crayon combustible

L'écriture de ce module a été démarrée.

4.1.4 - Assemblages

Les éléments nécessaires pour 1'assemblage OMEGA ont &té mis au point
et écrits en langage ESOPE. L'assemblage lui-m@me est en cours de
réalisation.

Résultats essentiels

- Le modéle de déséquilibre mécanique a &té amélioré et donne une
prévision assez bonne des essais MOBY DICK eau-air.

- Le modéle B de coefficient d'échange au niveau du front de trempe
a été validé sur 1'ensemble des essais ERSEC tube.

- Les interprétations des essais EVA et EPOPEE avec le module pompe
ont permis de retrouver qualitativement certains phénoménes et ont
contribué 3 une certaine compréhension physique.

5 - PROCHAINES ETAPES

5'] -

Elaboration du systéme informatique

— e e e i ma G A G e v—— . Sew v G G- S o

Banques - Bibliothé&que - Moniteurs

Amélioration et extension aux composants @ nombre d'entrées-sorties
supérieur a 2, :

sttéme

Tests d'assemblage sur des circuits complexes.

Méthodes numériques

Méthodes numériqueé d'assemblage

Etude de synthése sur les méthodes SOR et fonction de transfert.

Poursuite des tests.

Optimisation des méthodes numériques module

Suite du travail de comparaison (probléme standard OCDE/CSNI et
probléme test frangais).

.o ——— cim e - hand
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5.3 = Ecriture des modules ~ Développement et wvalidation des modéles

— e ot o

Module &coulement

- Reprise des dépouillements MOBY DICK eau-vapeur avec les corréla-
tions améliorées de déséquilibre mécanique.

- Calculs d'écoulements dans des gammes différentes de paramétres.

- Traitement des apparitions de niveau.

Module singularités

- Etude de sensibilité@ aux modéles et vérification sur l'expérience.

Module tuyau chauffant en dépressurisation

- Validation sur les essais OMEGA tubes,.

Module tuyau chauffant en renoyage

- Améliorations du code complet et notamment traitement du début de
renoyage.

- Suite de la mise au point d'un jeu de modéles d'écoulement et de
coefficients d'échange en amont et en aval du front de trempe.
Validation sur les essais ERSEC.

Module pompe

- Poursuite des interprétations de 1'expérience EPOPEE.

- Examen de l'introduction du modéle d'écoulement 3 6 &quations dans
le module pompe.

Module tuyau avec piquage injection de secours

Poursuite de 1'amélioration du modé&le d'oscillations.,

Modules volume OD

Démarrage de la modélisation.

Module crayon combustible

Poursuite de 1'écriture de ce module.

Mcdules composants

_L'écriture d'un certain nombre de modules composants devrait &tre

demarrée en prenant comme base le module d'&coulement HEXECO.

Assemblages

— o — ey o m—

Les assemblages MARVIKEN, AQUITAINE, PKL..... devraient &tre effectués

au fur et & mesure de la disponibilité des modules.

g
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RELATIONS AVEC D'AUTRES ETUDES

- Voir paragraphe 3.

DOCUMENTS DE REFERENCE

G. HOUDAYER, G. LE COQ, B. PINET, M. REOCREUX, J.C. ROUSSEAU

Modeling of two phase flow with'thermal and mechanical non equilibrium,

Rapport DSN 166 e - Presentation at the 5 th Water Reactor Safety
Research Information Meeting - Washington 1977,

P. CLEMENT, R. DERUAZ, J.P. L'HERITEAU, P. RAYMOND, P. REGNIER, M, REOCREUX
Development of reflood code FLIRA and PSCHIT. Physical modeling and

interpretation of ERSEC experiments,
Rapport DSN 167 e ~ Presentation at the 5 th Water Reactor Safety
Research Information Meeting - Washington 1977,

M. REOCREUX, H. SUREAU, J. THIBAUDEAU, M. CHABRILLAC, M. COURTAUD,

M. GOMOLINSKI,

French thermo-hydraulic studies for the development of safety advanced code
for PWR .

ENS/AMS International Topical meeting on Nuclear Power Reactor Safety
BRUXELLES (16-19 Oct. 1978) .
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.= Critical £flow rates o
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4. Proiject status
- Progress to date: operational
Essential results: conmplete ECCS analysis of the Dodewaard

reactor (BWR). A : S

5. Next stons .
- = Calculation of Marviken I and II results

'

- Small break analyses in PWR.:

6. Relation with other projects

- Not applicable.

rence documents

C
Internal KENMA reports.

8. Dearee of availability \
Free on basis of exchange with other pfogrammes|§$d‘results.‘
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, g - classifications~ 1.1
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Title: K D T Country: =
! o ’ ' DENMARK
;" ‘ ! S g .‘t.‘,‘f,,r"‘ Sponsor: Ris‘¢' ’
oo . o i 7 | National Lab-
' : . e i e loratoxy x
Title: ' l i lorganization: R:is¢
.T" .o v . National Lab- "
DINO = Core heat-up during blow down Lo Lty . pratory s
*w_Jf”iL{ r‘ ‘scientists. 4
| taitio o dates - Completed date. S T H Abel-Larsen
february 1971 September 1972 7 w0 | Md Lolk Larsen
Status: : SR ‘ : o :
I - " . . A
: \ AR :
! L it - S
| 1. . General aim v | R gL
' ) Development of a computer programme'for the calculation of . -
transient temperatures in a fuel rod during a postulated 1055—of f “
» . -coolant accident. vl AR SREAN ’
. ) ‘. 4 . - ‘ : h\, - Pt . ' o oy ' . ':‘:‘ ,-
- 2. Particular objectives . R et Co E T Tl

model is cylindrical.

EREEIAN

. DINO calculates -the transient temperatures in a fuel element”
. rod during a postulated ioss-of—coolant accident. The geometric

The considered rod is concentric sur-

rounded with an equivalent coolant channel and. a shroud of fuel Qf“ o
and canning® consisting of and equivalent to the surrounding '
rods and possible fuel element -box .. The Equivaient geometry is
calculated from the assumption of the same hydraulic diameter.
DINO is a finite difference program, two—dimensional in the
' fuel system and one-dimensional in the coolant channel. The program
contains-a steady state option tq calculate the initial temperatures. L
" The integration technique used is Peaceman and Rachford's method,
the ADI-method Gas-gap between fuel and canninq, different .
materials, radiation etc. ‘may’ be: taken into account using-a calu.xﬁ
culated equivalent heat conductivity. wemperature dependence of
the physical propertiesfis taken‘into%account By '7{,j6;;f1

1 . [N
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3. Experimental facilities and programme

4, Project status

Next steps

o

6. Relation with other projects

The DINO program is part of an integrated procedure for
calculation of fuel temperature transients during loss-of-coolant
accidents. Besides the DINO program, the procedure consists Qf
RHC and a blow down program which calculates the hydraulic '

conditions during the accident. ,

7. Reference documents

H. Abel-Larsen and M. Lolk Larsen lf
Heating in a reactor fuel element‘:od underxtransient conditions.
Part I. . - | o

Heat conduction program,. RIS@-M-1391 (1971)

H. Abel-Larsen and M, Lolk Larsen . g '4 , ‘}“
Heating in.a reactor fuel-element rod under transient
conditions. Part II.. o - : o v
Risg-M~1533 (1972) '

8. Degree of availability

Available.
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: Cléssificat@oﬁz. 1.1

Title: ' Country:

DENMARK

Sponsor:
Risg

Title: " NORHAV- P(B)WR blow-down computer o o organization: Risg -

program (TINA) o ' T , Qatioﬂal Lab+

- e o ratory

initiated date: 31973 . . ","Completeq date:

Scierntists:

&eﬁer‘S;‘Andersen

{

 Status: . progréssing Niels Bech

———— - ——

1. General aim

Development of a 3fdiﬁeﬁsuonaI'P(B)WR core biow—down computer

program., e - S

2. Particular objectives’ . o ' /;
{

Calculation of Ehe‘spatial and temporel distribution of -

coolant mass,‘-flow,~@entha1py and pressure as well as fuel rod
temperature in a P(B)WR core during the blow—down phase of a-

loss-of=coolant accident. The model which is based on the sub=-' " -
channel approach inc;udes silip and thermal nonﬂequilibrium |

"between steam and water.

3. Experimental facilities and programme7

4, Project status

“'The program is operational. It has been tested against the

LOFT Semiscale blowdbwn experiments. -
. ! ' ‘ \/’

. o ( '
5. Next steps . UL

¥ , -

Completion of proéram layout\end?documenbatidh§

]
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6. -

nso-

Relation with other projects

In addition to the present blow-down program the NORHAV

project includes:

A one-dimensional reactor systém blow-down model under
The core heat~up programmes NORCOOL-I and NORCOOL~II at

A 64~rod_(eiectricaliy heated) core heat=up experiment ‘

A three-dimensional computer program for the analysis
ot PWR core transients (TINA + nodal theory neutronics).

<

a)

development at IFA, Norway.
b)

Ris@d.
c)

carried out by AE, Sweden.
d)
7. Reference documents
8. Degree of availlability 3

Available on exchange basis when completed.,
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CLASSIFICATION:
LWR 1.1 & 1.2

TITLE (ORIGINAL LANGUAGE): : COUNTRY:
Einflul der DWR-Umwdlzschleifen auf den Blowdown g?g.c
(LOBI Projekt) SPONSOR :

FRGMRT
C.E.C.

TITLE (ENGLISH LANGUAGE): ‘ %ﬁ%ﬁ%ISATION:
Influence.of the PWR loops on the blowdown J.R:C:-Ispra
(LOBI project) PROJECT LEADER:

W. L. Riebold

INITIATED: .1 COMPLETED: SCIENTISTS:

Dec. 1, 1973 Nov. 30, 1981 Eder, Fortescue,
Fritz, Kolar, Lar-

STATUS: Completion of LAST UPDATING: sen, Mork-Morken=

shake-down tests | May 1979 stein, Ohlmer,

Piplies, Stddtke

1. General Aim

Experimental investigation of the thermohydraulic behaviour of a
primary cooling system (PCS) of pressurized water reactors (PWR)
during the blowdown of a loss-of-coolant accident (LOCA). The ex-
perimental results will be used to check and improve existing blow=
down computer codes applied for the safety analysis of LWRs.

Particular Objectives

Experimental investigation of the LOBI pump characteristics under
two-phase flow conditions.

Design and constructi&n of a large scale 2-loop blowdown test faci=
lity for performing loss-of-coolant experiments (LOCE) by sirula-
ting pipe ruptures of different sizes at various locations within
the PCS of PWRs.

Experimental investigation of the influence of the thermohydraulic
behaviour of the individual components of the PCS of PWRs on the
course of a LOCA (blowdown) by measuring the significant thermohy-
draulic quantities, in particular those influencing the core coo-
ling.

Experimental Facilities and Programme

The objectives of the investigation require a test facility with a

)e507 thermohydraulic behaviour during blowdown which is as close as

¢
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possible a reactor-typical one, Fig. 1.

The LOBI test facility is an approximately 1/700 scale model of a
4-100p 1300 MWe PWR primary cooling system (PCS)., It consists of
a 5 MW electrically heated test section (reactor model) with two
primary cooling loops, one with three times the capacity (water
volume and mass flow) of the other, representing the four primary
loops of a PWR cooling system.Both loops are active loops each
containing a pump and a steam generator. Tube ruptures of various
sizes (double ended to small leak) will be simulated at three
different locations (hot leg, cold leg, loop seal) within the
single or broken loop. Heat is removed from the primary loops by
the active secondary cooling circuit by means of two condensers
(representing the turbines) and a cooler. From the emergency core
cooling system (ECCS) for the time being only the intermediate
pressure or accunulator system is represented providing ECC water
for both, separate and combined cold and hot leg injection into
both loops; the high pressure injection system (HPIS) is planned
to be added in the near future.

The scaling factor of 712 has been applied to

- power input: 5 MW to 64 heater rod bundle
- coolant mass flow: 21 kg/s and 7 kg/s Ffor the intact and broken

loop respectively ‘ \
- coolant volume: 0,83 m3 within both primary loops, pressurizer

included.
For the test facility design the

- power to volume ratio
~ pressure drop and temperature distribution along flow paths
- ratio of component volumes to each other

haveé been preserved.

The height, and relative heights of components are scaled 1 : 1,
thus preserving gravitational heads. The heat transfer surfaces
(rod bundle and steam generators) are full length.

The nominal operation conditions are 155 bar and 323° ¢ pressure
and temperature respectively and a core mass flow rate of 28 kg/s.

I'd
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Control facilities allow simulation of

- pump hydraulic behaviour by speed control

- fuel decay and stored heat by power control to the heater rod
bundle ‘ '

- containment back pressure.

An instrumentation system is being installed which provides for
the measurement of all relevant thermohydraulic quantities under
transient conditions at the boundaries (inlet and outlet) of each
individual loop component and within the reactor model.

The signals from about 400 measuring channels are recorded by a
specially tailored data acquisition system using PCM techniques
and analog magnetic tape.

Test facility design calculations are performed by the "programme
and analysis" group of the LOBI project staff with RELAP4-MOD2
and -MODS5 code, by the J.R.C. "design office" using BERSAFE and
STRUDL~-II codes, and by the GRS-Garching (FRG) with BRUCH-D,
DAPSY and Z0CO~VI codes.

According to the LOBI R&D-contract between the Federal Minister
for Research and Technology of the Federal Republic of Germany
(FRGMRT) and the Commission of the European Communities (C.E.C.),
two different experimental programmes, A and B, are to be execu=-
ted with the LOBI test facility after having completed the pre=-
liminary tests aiming at the determination of the various thermo=-
hydraulic and mechanical characteristics of the facility.

Test programme A consists of 60 tests to determine the influence
of seven relevant parameters on the blowdown: rupture location
and size, downcomer &ap width, pump operation conditions, heating
power input, steam generator secondary pressure, pressurizer con-
nection, ECC water injection.

These 60 tests have been subdivided into two groups, A1 and A2,
of 30 tests each:

Test programme A1 (tests 1 = 30) will be defined by the FRGMRT
exclusively, and the results are at the exclusive disposal of the
FRGMRT. The first test A1-01 will be used for a blind post-test
pre-prediction exercise (LOBI PREX) with international participa=-
tion. '
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‘ :
Test programme A2 (tests 31 - 60) will again be defined by the

FRGMRT, however, taking into account suggestions from the member
countries of the European Communities, and the results will be
freely available to all member countries of the E.C.

Test programme B (tests 61 - 90) will bedefined by experts from
the member countries of the E.C.,and the results will be freely
available to all member countries of the E.C.. This programme is
mainly aimed to perform component studies after having applied
appropriate component modifications. |

4. Project Status

4,1 Progress to Date

- Completion of mounting and thermal insulation work, execution
of commissioning and shake-down tests

-~ Performance of first blowdown test SD-o1 (shake-~down test 1)

- Repair and modification of test facility during an interrupt
period of the shake-~down test programme

- Preparation of Specifications for LOBI PREX

-~ Execution and completion of LOBI pump tests in two-phase flow
conditions

- Start of contract work for LOBI discharge nozzle calibration
tests in two-phase flow conditions

- Completion of three-dimensional analysis of dynamic loadings
on the LOBI test facility structures; application of supple=~
mentary shock absorbers

- Preparation LOBI test results documentation procedures

~ Performance of pre-test prediction calculations

- Revision of test matrix A

- Discussion of results of survey calculations for test matrix B

- Preparation of computer codes for the results evaluation and
presentation

- Design studies on LOBI test facility extensions (HPIS, secon-
dary loop modification, auxiliary feed water system) |
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- Acceptance and calibration tests of the various measurement
chains

- Completion of measurement instrumentation system of LOBI test
facility

- Preparation and testing of mini-computer progfams for data
acquisition, processing and representation, and for process
control.

Essential Results

After some commissioning tests, the first blowdown test SD-01

has been performed successfully on December 13, 1978, in the
framework of the shake-~down test programme., The initial condi-
tions of this double-ended 200 % hot leg break test without ECC
water injection have been 50 bar and 260° ¢ pressure and tempe-
rature, respectively, with 1,6 MW heating power and nominal core
mass flow rate of 28 kg/s. The aim of this test was a first check
of the mechanical and thermohydraulic behaviour of the facility
under reduced absolute and subcooling pressure conditions.

During the preparation phase of the subsequent test SD-02, fai-
lures of the commissioning heater rod bundle occurred, and the
blowdown could not be initiated due to a blockage of the quick-
opening flap valves used to simulate the rupture.

The heater rod bundle failure was due to tube ruptures close to
the upper end of the bundle which have been identified as hot
ruptures typical for Nickel under high temperature and minimum
mechanical stress condition. Remedial measures have been taken
by venting the upper region (upper plenum between hot leg nozzles
and upper power connecting plate) of the heater rod bundle and
by avoiding stagnant flow conditions in this region allowing a
small bypass flow from the upper downcomer region.

The failure of the quick-opening flap valves operation was
caused by too small fabrication tolerances and could therefore
easily be overcome, v
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Unexpected electrolytical corrosion of the metallic (VACON) parts
of the distance pieces between the heater rod bundle and the core
barrel tube (in the unheated region) was the reason for preventing
the rod bundle from thermal expansion and caused so mechanical
stresses. The distance pieces have been replaced by those made

7

totally from ceramics.
The shake-down tests left, SD-02, =03, =04, will be performed

- with the first experimentai heater rod bundle (cos~-shaped heat
flux, Ffully instruménted) which has been mounted to replace the
damaged commissioning bundle

- as cold leg rupture test, because the interrupt of the shake-
down test programme has been used also to displace already now
the rupture device from the hot leg position to the cold leg
position as foreseen for the first official test of programme
A1,

The shake~down test programme has been continued with test SD-02
performed successfully on May 13, 1979, from 125 bar and 300° C
pressure and temperature, respectively, and 60 % = 3,1 MW hea=-
ting power and nominal core mass flow rate of 28 kg/s as initial
conditions. i

The remaining test SD~03 and -04 will then be executed with nomi-
nal initial conditions with respect to pressure (155 bar), tempe-
rature (323° C), heating power (5,3 MW) and core mass flow rate
(28 kg/s), aiming so at a consistency and reproducibility check
of the measured results.

On proposal of the USNRC, Washington, the FRGMRT-Bonn agreed on
using the first official LOBI test A1-01 for blind post~test pre-
diction calculations in the framework of an international exer-
cise (LOBI PREX). The particular interest in this calculation
exercise is given by the fact that never before any such blow=
down code could be adapted to the special transient characteristics
of the integral system test facility("virginity" aspect). In total,
there will be 14 participants from the European Community (4 mem-
ber countries) and the USA, The LOBI test' facility specifications
and all further documentation required to prepare the respective
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code calculations are contained in / 1_/ and have been sub-
mitted to the participants.

The LOBI pump tests at Westinghouse Canada Ltd. (WCL), Hamilton/
Canada, aimed at investigating the two~phase flow pump characte-
ristics have been completed. The evaluation of the test results
is presently under way; first results are shown in Fig. 2.

Theoretical considerations have shown that the transient pump
behaviour can be sufficiently described by the steady-state

pump characteristics. Therefore, and due to very expensive tests,
no ‘transient LOBI pump tests have been performed at WCL-Hamilton.
Additional steady-state tests in single-phase flow conditions
have confirmed the results from previous testsat WCL-Hamilton
and at the pump manufacturer ASTRO-Graz, Austria.

An R&D contract has been concluded with WCL-Hamilton for per-
forming LOBI discharge nozzle calibration tests in two-phase
flow conditions. The tests will be started in August 1979.

Feasibility studies have been initiated for the design of the
high pressure injection system (HPIS) to be added to the LOBI
facility, and for modifications of the LOBI secondary loop in
order to allow more reactor-typical operation for all types of
break simulation, especially under small leak LOCA conditions.

For the purpose of the LOBI test documentation by "Quick Look
Reports" (QLR) and "Experimental Data Reports" (EDR), a QLR
prototype has been prepared; its practical applicability will
be checked during the shake-down tests.

Results from test calculations with the recently implemented
RELAP4/MOD6 code show good agreement with those contained on
the NEA tape.

The interactive version of the retrieval program is completed
and allows the graphical display of all quantities of the
data base.

The ASTEM program package has been completed and allows the cale
culation and display of about 3o different physical properties
of water/vapor for given input data like pressure/temperature,
density/temperature or saturation quantities.



The "Working Group on LOBI Programme A" has defined the final
test matrix A consisting of 6o tests distinguished in base line
tests and variation tests. The whole test matrix has been sub-
divided in two parts, A1 and A2, of 30 tests each.

This WG has established two heating power time curves to be
used for controlling the heating power input to the rod bundle
during blowdown: an upper limit curve Ffor the pre-DNB range and
a lower limit curve for the post-DNB range.

The "Working Group on LOBI Programme B" has discussed and com-
pared the results from survey calculations of different members.
An interesting result was that for a pipe rupture on the pump
suction side the core temperature was much higher in case of
punp rotor blocked than in case of continued pump operatioft at
constant speed.

Further calculations for large breaks and all three rupture lo-
cations are aimed to ,determine the influence of downcomer gap
width on core temperature and mass flow and on break mass flow.

The French and German Experts of this WG have presented the re-
cently developed special versions of their RELAP4 codes for calcula-
ting small leak LOCAs and shown first results. The "WG LOBI B"

will have strongly to rely on the availability of these code ver-
sions, or at least on the contribution of these members, for the
future survey calculations for small leak LOCAs.

The stay of a LOBI staff member at EG&G Idaho Iﬁc., USA, led to
the participation in development work of RELAP4/MOD7, [/ 2_/,
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Based on results from DAPSY code (GRS=Munich) and STRUDL II code
(Design Office of J.R.C.~Ispra) calculations concerning dynamic
loads on the LOBI test facility structure during blowdown, seve-
ral supplementary shock absorbers have to be installed in various
locations to further support the respective components of the
test facility. These calculation results had been qualitatively
confirmed by some acceleration measurements- performed during the
first blowdown test SD=01.
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During the last commissioning test, pressure drop measurements

within the primary loops of the LOBI facility, and steam gene-

rator calibrations for steady-state mass flow measurements have
been performed in single-phase flow conditions and at different
mass flow rates: the measured Ap-=values have been smaller than
those from the design calculations / 4 _7.

Failures of the measurement instrumentation system which occurred
during the commissioning and the shake-down tests have been ana=-
lyzed and removed.

- During the interrupt period of the shake-down test programme,

the measurement instrumentation at the various locations of the
test facility has been finally completed and is shown in Fig. 3
and 4. After mounting of the first experimental heater rod bundle,
control measurements of the heater rod thermocouple isolation
resistance has been performed and shown that 183 out of 188 TCs
are still operational.

The signal transfer which operated well until test SD=01 with
reduced instrumentation, has shown some interference problems
during test SD-02 with complete instrumentation.

The mini-computer program for an interactive data evaluation has
been tested and allows

- the one- und multi-dimensional graphical display of measured
results ' '

- the overlay of several curves

- the digital filtering and the production of histograms.

Data processing and formatting programs allow

-~ the conversion of data from PCM format into engineering units
and their evaluation and representation
- the input of the measured results into the data bank.

Process control programs (heating power, pump speed) have been
developed and tested.,

A schamtical representation of the LOBI data acquisition and
process control system (DAPCS) is shown in Fig. 5.



Next Steps

~ Completion of test facility shake-down tests (SD-o03, -04) ending
up with a consistency and reproducibility check of the test re-
sults

~ Starting the official LOBI experimental programme with test
A1-01, the LOBI PREX test

- Performing pre-test prediction calculations, test results evalua-
tion and documentation

- Performing LOBI PREX calculations and results comparisons by pro-

ducing overlay plots; PREX 2nd Workshop meeting at Ispra

- Bvaluation of LOBI pump test results and preparation of two-
phase flow pump characteristics

- Starting the LOBI discharge nozzle calibration tests.,

Relation to Other Projects

- Semiscale MOD3 project of USNRC at INEL, Idaho Falls, USA
- LOFT project of USNRC at INEL, Idaho Falls, USA

- PKL project of KWU &'t Erlangen, FRG

- ROSA II project of JAERI at Tokai-Mura, Japan.

Reference Documents

- Quarterly Reports of 1978 and 1979, GRS-FRG

- J.R.C.~Ispra BEstablishment, Programme Progress Reports Reactor
Safety, January - June 1978, July - December 1978, January -
June 1979

- /1 / W. Riebold, W. Kolar, M. Larsen, E. Ohlmer, L. P1plies,

H. Stddtke:

Spec1f1catlons - LOBI-Pre~Prediction Exercise -
Influence of PWR Primary Loops on Blowdown (LOBI)

Technical Note Nr. I.06.01.79.25, February 1979

{



- /[ 2/ S.R. Fisher, H. Chow, G. Van Arsdall (EG&G Idaho Inc.),

H. Stddtke (J.R.C.=-Ispra):

Development of a Non-Equilibrium ECC Mixing Model
for Use in RELAP4/MOD7

Second Multi-Phase Flow and Heat Transfer Symposium
Workshop, University of Miami, Miami Beach,
April 16-18, 1979

- /37 S.R. Fisher, H. Chow, G. Van Arsdall (EG&G Idaho Inc.),

H. Stddtke (J.R.C.=-Ispra):

Implementation of a Non-Equilibriwm Model in
RELAP4/MOD7

ANS Topical Meeting: Computional Methods in
Nuclear Engineering, April 23-25, 1979

[/ 4/ E. Ohlmer, W. Schulze: .
Druckverlustmessungen an der LOBI-Anlage
Technical Note Nr. I1.06.01.79.04, January 1979

t

Degree of Availability

Quarterly Reports: from GRS-Koln, Glockengasse 2, 5 Kdln 1
Programme Progress Reports: restricted distribution list
Conference Papers: from authors

Technical Notes: restricted distribution list.
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1.1.2.

Classification 1,1, 1.1.1,
. Two-phase four-quadrant pump c .

2 ountyy K.

!Hljilj; behaviour 2
- Sponsor  C.r.G.B.
Title 2 Organisation C.E.R.L.
InlLJJr:d 1977 Completed Projcct Leaders
Status  Continuing Last updating
Aug 1978

General Aim

To examine the behaviour of a pump under single and two-phase

.diameter is 180 mm.

conditions to provide experimental support for pump models to be
used in LOCA calculations.

Particular Objectives

To determine head and torque characteristics in all modes of
pump operation (forward and reverse flow and 1mpeller direction)
for a full range of void fractions.

Experimental Facilities and Programme o

An experimental pump of specific speed approximately 1000 (u.s.
units) is being tested using Freon 12 as ‘a'working fluid. The
rated conditions are flow of st at a head of 20 m. Impeller

mass flow, and pump power and ‘speed will be measured. Pressures
will range up té 10 bar (equivalent to v 60 bar in water).

Project Status

‘Single~phase cnéracteristios have been measured.
has been carried out for a limited range of void fracsions.

Inlet and exit voidage, pressure and temperature,

Two-phase testing
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Berichiszeitraum/Period Klassifikation/Classification Kennzeichen/Project Number
1.1.78 - 31,12.78 1.1.1 RS 016 B
Vorhaben/Project Title Land/Country
Untersuchung der Vorgange bei der Druckent- FRG

lastung wassergekiihlter Reaktoren. Modell- Fordernde Institution/Sponsor
versuche mit einem 11,2 m hohen Stahlbehdlter | BMFT

mit Einbauten. Auftragnehmer/Contractor

BATTELLE-INSTITUT E.V.

Investigation into the Phenomena Involved in Frankfurt am Main

the Depressurization of Water-Cooled Reactors.
Experiments Using a Steel Vessel 11.2 m in

Heiecht with Internals.

Arbeitsbeginn/initiated Arbeitsende/Completed Leiter des Vorhabens/Project Leader
July 15, 1972 April 30, 1979 Pr. T.F. Kanzleiter
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittel/Funds
Continuing December 1978

1. General Aim

3.
3.1.

The experimental blowdown program is aimed at integral large-
scale experimental simulations of loss-of-coolant accidents
in water-cooled reactors of PWR and BWR type. All experimen-
tal results are to be compared with the results of model
calculations to show the applicability of the computer codes

used and, if possible, to improve them.

Particular Objectives

In the main experiments the loads on reactor vessel internals
under BWR and PWR conditions and the phenomena in the dis-
charge nozzle during the initial phase of blowdown are to be
investigated. Preliminary experiments without internals

are to be performed to show the influence of the internals

on the discharge process.

Research Program
Preliminary LOCA experiments with a pressure vessel without

internals under PWR and BWR conditions.

PWR experiments part I with "flexible!" internals of PWR
type.

BWR experiments with intermals of BWR type.

PWR experiments part II with "flexible" and "inflexible"

internals.

rd
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Ad

Ad

Ad

3.1

3.3

Experimental Facilities, Computer Codes ’ .

The experimental facilities consist essentially of

3, 140 var, .300 °C) with an
electric heater (600 kW max.)

- PWR internald with flexible and inflexible components

- BWR internals

- a pressure vessel (5.2 m

- a loop with piping, pumps and heat exchangers to realize
the same differences in enthalpy as inside an original
vessel

- measuring instruments (approx. 110 channels for pressure,

differential pressure, temperature, density, mass flow, P

N

force,; strain, acceleration, displacement and water level
- a data collection and processing asystem with 120 channels
and a threshold frequency of 5 kHz.
For comparison with the experimental data, several computer
codes are used by Battelle (see research project RS 312)
and by external 'institutions. Some of these computer codes

are also being used for licensing procedures.

Progress to Date

Four preliminary BWR and PWR experiments without internals
(Nos. SWR 1R, SWR 2R, DWR 1R, DWR 2R) were carried out in
1974 and 1976. Experiment SWR 2R has been chosen as an

OECD standard problem (No. 6) for an international comparisoﬂ:j
with theoretical results.

Seven PWR experiments with flexible internals (Nos. DWR 1 to
5, DWR 2L and DWR 5A) were carried out in 1975. Thermal-
hydraulic and structural-dynamic evaluation of these.ex-
periments is still in progress.

Eleven BWR experiments with internals were planned and pre-
pared in 1976 through, 1978. Attempts were made to improve
the differential pressure transducers that had previously
shown unsatisfactory dynamic characteristics (s. Annual

Report 1977).



1.1.78 - 31,12,78 RS 016 B
GO. Hn.quits

Ad 3.3 The further development of differential pressure trans-
ducers for direct installation inside the pressure vessel
did not lead to acceptable dynamic characteristics 3} the
transducer. Alternative types of differential pressure
transducers, also suitable for direct installation inside
thoe vessel are not available. Therefore, the specified
differential pressure ﬁeasuring system had to be replaced’
by a combinatiorn of externally installed differential
pressure transducers with pressure lines leading to the
measuring points inside the pressure vessel (low system
eigenfrequency but good accuracy) and absolute pressure
transducers (low accuracy of pressure differentials but
good dynamic response). As a result of this replacement,
the pressure vessel internals have to be remodelled and
the experimental program has to be revised. At present
in the experimental BWR program major emphasis is placed
on the investigation of the phenomena in the case of steam
line breaks, such as . *

« liquid level behavior .

- void distribution in the rising two phaaé mixture

~ thermodynamic nonequilibrium and flashing effects

- mass and enthalpy flow at the site of rupture

- forces acting on the internals.

Additional objectives in the case of feed water line breaks
are |

.- pressure wave and pressure pulsation effects,

The experimental program comprises experiments involving
different initial conditions (subcooling, steam quality)
and different break areas and break locations (simulating
BWR foed water line breaks, DWR steam line breaks and I'WR
stoam genorator steam line breaks).

The experimental paramcters have to be specified in detail
on the basis of preliminary calculations carried out by

KWU and Battelle (Project RS 312).

i
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9.

10.

3.4

Next Steps

- 0 -
RS 016 B

7

~ Completion of the evaluation of PWR experiments, Part I

- Measurement of the maximum initial subcooling and steam

quality in the pressure vessel attainable by means of an

improved extérnal loop

- VFinal specification of the experimental program

- Preparation and performance of the BWR experiments

- Preparation of additional PWR experiments

Relation to Other Projects

RS 132: Pre- and Post-Test Analysis of the BWR-series Ex-
periments of Research Project RS 016 B C?

References

(1-4) Quarterly Reports in the Series "GRS-Fortschritts-

(5)

(6)

(7)

bericht. Bericht iiber die vom Bundesministerium

fiir Forschung und Technologie geforderten Forschungse

" vorhaben auf dem Gebiet der Reaktorsicherheit" (in

German)

- January to March 1978

- April to June 1978

- July to September 1978

- October to December 1978

BF-RS16B-40-4-3, "Revidierpés SWR-Versuchsprogramm"Cj
April 1978 ' -
B. Holzer, T. Kanzleiter, F, Steinhoff, "Specifi-
cation of OECD Standard Problem No. 6. Determina=-
tion of Water Level and Phase Separation Effects
During the Initial Blowdowp Phase". GRS, Garching,
February 1977

CSNI-Report No. 30

W. Winkler, "Comparison Report on OECD-CSNI Standard

Problem No. 6", GRS, Garching, August 1978

Degree of Availability of the Reports

Reports are available through GRS-FB. '
Documents (5) to (7) can be made available only by special

agreement.
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b nu\!szemaum/i Uitela! Kiassittkation/Clas: .- Kennzewchen/Project Numbar -
1,1.78 - 31.12.78 1.1.1 RS 112
P 4o
Vorhaban/Project Title

Land/Courtry

Begleitende Theoretische Arbeiten zu den SWR=| FRG

Versuchen des Forschungsvorhabhens RS 0016B

Fordernde I“v;‘smuuon/Sponsor
DM T
Auttragnehmer/Contractor

BATTELLE-INSTITUT E.V.

Pre and Post Test Analysis of the BWR-Series Frankfurt am Main

Experiments of Research Project RS 0016B

Abt. Thermische Ver-

fahrenstechnik
Arbeitsbeginn/initiated Arbeitsenda/Completed Leiter des Vorhabens/Project Leade?
C1,11,77 31.10.79 M. Miiller
Stand dor Arbesten/Status ) Berichtsdatum/Last Updating Bewilligte Mittal/Funds
Continuing ) December 1978
1. General Aim o

2.

3.
< 3.1

3.2

3.3

The realization of the experiments RS 0016B BWR-series has to be
supported by theoretical analysis (test predictions and post-test
analysis). Especially experimental problems, arising during exe-

cution, are beeing analysed in detail to influence the planning
of further experiments. o '

A

Particular Objectives

Analysis of the results of the RSO016B BWR-series experiments to
evaluate experimental data for the verification of the computer
code RELAP4-MODS. '

Research Program

Test prediction: checking of instrumentation requirements and of
the measurement ranges by calculating the transient temperature-,
pressure-, and massflow lapse. l ,
Quick-Look: Immediately after an experiment a post-test calcula-
tion is done using the initial and boundary conditions meaaured,
to check wether the experimental aim is fullfilled and which mo=
difications are required for the folloﬁing exporimeﬂts.

Detailed analysis: Disagreement of experiment and calculation
are considered in detail by variation of parameters ‘and models.
Mainly the following aspects are examineds:

- Dreak flow model

Phase separation model

Flashing effects-and Liquid Level

Nodalisation

The results will be published in a final report.
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Experimental Facilities, Computer Codes
To evaluate the experimental data the US-NRC Code RELAP&-MODS5

was implemented.

Progress to Date

Parameter and sensibility studies were performed to fix the ex-
periment matrix and to establish the measurement ranges depen-

ding an initial- and boundary conditions.

Results

Initial subcooling in the downcomer and void in the core region (v
causes a sharper pressure gradient at the beginning of blow-downxﬁ

compared with only saturation conditions and void zero.

A sieve plate in the steam dome (resistance like steam dryers)

does not affect much the integral blow-down.

The system loop to establish initial temperature distribution

has little influence on transient blow-down behaviour.

If heat transfer from the walls to the fluid is considered, pres-
sure lapse is about 10 ¥ higher than without, with respect to

the energy added. The mixture level stagnates below the break lo-
cation, when break diameters of about 28-35 mm are chosen. Therh
unvertainty is caused by the inability of RELAP4-MOD5 to calcu- &
late mixture level behaviour of stacked volumes in connection
with phase separation. Using the co-countercurrent flow option

of MOD5 does not solve the stacking problem.

Next Steps
The results calculated with RELAP4-MOD5 will be compared with

LAMB calculations from KWU

Modifications of RELAP4-MOD5 are planned to improve the ability

of liquid level calculations.

Relation to other Projects
RS 0016B SWR
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9. References

Planned: RELAP4-MOD5 Misture level calculation

10. Degree of Availability of the Reports -
Available through GRS-FB
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Berichtszeitraum/Period Klassifikation/Classi . cni « - N Kennzeichen/Pro}wcr Number
.1. 1.12.1978 1.1.1 RS 263/2
Vorhaben/Project Title ) Land/Country

Analytische Tdtigkeiten der GRS im Rahmen des FRG
Reaktorsicherheitsforschungsprogramms des BMFT | Fordernde institution/Sponsor

Kridfte auf Kerneinbauten

BMFT
Auftragnehmer/Contractor

Gesellschaft fiir

Analytical activities of the GRS in the frame Reaktorsicherheit
of the BMFT research program on reactor safety| (GRS) mbH

Forces on Core Internals

Arbeitsbeginn/Initiated Arbeitsende/Completed Leiter des Vorhabens/Project Leader

.2.1977 31.12.1979 DI T. Grillenberger
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittel/Funds
continuing 31.12.1978

General Aim

Parallel and complemantary analytical work within the exper*ﬁ}
imental research programs promoted by the BMFT, and further
development of computer codes in the field of reactor safety,

Analytical investigations to '‘accompany the research project

Evaluation of the experimental results of the PWR quick

Pre-test calculation of the BWR specific test with internals,\

- Post-test calculations and evaluations of the BWR tests with™

Pre-investigations concerning the PWR specific tests with

Post-test calculations and evaluations of the PWR tests.

DAPSY, simulation of multidimensional pressure wave Dbroba-
gation. DRUFAN, a lumped parameter model for the simulation

2. Particular'ogjectives
RS 16B "Forces on Core Internals".
3. Research Program
7
3.1 Post-test calculation of the BWR reference test.
3.2
programn.
internals.
3.5
internals.
3.6
4, Test facilities, computer codes
of blowdown.
' {4
5. Progress to Date

The evaluation of the pressure wave phenomena in the PWR
quick program has been finished, The blowdown phase of the



1.1,

-.6’ Ll

- 31.12.1978 - RS 263/2

¢

. test DWR5 has been calculated with DRUFAN. The results show

a good agreement with the experimental data for pressure
and temperature as well as for the pattern of the mass flow
rate. Only the amplitude of the mass flow differs signifi-
cantly. A check of the total mass shows that the measured
values are too large. Since the results in the very begin-
ning of the blowdown agree well, it can be assumed that the
mass flow is o&erestimated by the drag body in the case of
high void fraction and large Mach number. Therefore a cor-
rective function depending on these parameters has been de-
veloped, which improves the interpretation of the measured
data.

Results

The evaluation of the DWR5 test in the pressure wave phase

and in the blowdown phase is documented in two reports /1,

2/, dealing with the 'post-test calculations with DAPSY and

DRUFAN. It is shown that the test targets are reached suf-

ficiently and the results are very useful for the code ver-
ification.

1]

Relation to other Projects

The RS 16 DWRS calculations have been done in close connec-
tion with the DRUFAN development, so that the results of
this work can also be seen as a verification of DRUFAN.

References

10.

/1/ M. Hrubisko: Nachrechnung und Auswertung der Kurzzeit-
phase des Battelle-Blowdown-Versuchs DWR5 (RS 16/B)
mit dem Programm DAPSY. GRS-A-245, Dezember 1978

/2/ M.J. Burwell, M. Hrubisko: Nachrechnung und Auswertung
der Langzeitphase des Battelle-Blowdown-Versuchs DWR5

(RS 16/B) mit dem Programm DRUFAN. GRS-A-246, Dezember
1978

Degree of Availability of the Reports

GRS-A-... reports are available through the Gesellschaft
flir Reaktorsicherheit (GRS) mbH, Forschungsbetreuung,
Glockengasse 2, D-5000 K8ln 1.
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Berichtszett aum/Period Klassifikation/™

1.1.78-31.12.78 Vi) 06.01.01/01A "(PNS 4115)
Vorhabten/Project Title Land/Country

Auslegung, Vorausberechnung und Auswertung der FRG
HDR-Blowdown-Experimente zur dynamischen Be- Fordernde Institution/Sponsor
lastung und Beanspruchung von Reaktordruckbe- BMFT
hdltereinbauten. Auftragnehmer/Contractor

Kernforschungszentrum
Karlsruhe, Projekt
Nukleare Sicherheit

Design, precomputation and evaluation of the
HDR-blowdown experiments on dynamic loadings

and deformations of reactor-pressure-vessel IRE

internals.

Arbeitsbeginn/Initiated ‘ Arbeitsende/Completed Leiter des Vorhabens/Project Leader
1978 1982 Dr.Krieg/Dr.Schumann

Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittel/Funds

Continuing December 1978

Remark: The previous project PNS 4221/PNS 4223 has been restructured.
Since Jan. 1st, 1978, it is continued by the projects PNS 4115, PNS
4116, PNS 4125, and PNS 4126.

1. General Aim

Development and verification of computer codes for analysis of the
dynamic response of reactor vessel internals.

2. Particular Objectives

Design, precomputation and evaluation of the HDR-blowdown-experiments
on dynamical loadings and deformations of reactor pressure-vessel

internals.

3. Research Program

Conception of the experimental program, design of the test facility,
éomputational simulation prior to and after the tests.

4. Experimental Facilities, Computer Codes

Experiments carried through at the former HDR-reactor-
Computer codes as developed in PNS 4125 and the codes HDRNA and
TURBIT~3 for analysis of the temperature distribution; hydraulic

mechanism for snap-back tests.

5.+6. Progress to Date and Results

- The experiments on the temperature distribution have been performed
and analyzed. The main results are: 1) The temperature distribution

- -
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is spatially stable; 2) the temperature can be reproduced within

+ 3 K; 3) after switching off the heating circuit the temperature
distribution changes quickly so that the blowdown must be triggered
within 30 s, at least, thereafter.

- By means of the code TURBIT-3 the turbulent decay of temperature
differences in the radial direction in the downcomer has been de-
scribed accounting for buoyancy forces. It was found that any
disturbances of the temperature distribution are damped out very
fast. -

- Using the 3D-code FLUX2 (compressible fluid) the maximum accelera-
tions, deformations and pressure differences as to be expected in
the blowdown-experiments have been precomputed. The maximum values
for the reference case are: pressure difference 13 bar, deformation

1 mm, acceleration 1200 m/sz.

- The snapback-experiments have been further prepared. The hydrdulic
deflection device has been reconstructed. It can be used at two
positions. The instrumentation -has been ordered.

i
- By means of the 2-1/2 dimensional code STRUYA the consequences of

small asymmetries in the core barrel foundation and disturbances
produced by water sucking-off devices in the downcomer have been
investigated. It has been found that these disturbances have small

effects on the blowdown pressure field.

7. Next Steps

The snapback-tests and a preliminary blowdown-test are due for 1979.
The snapback-tests will be documented so that precomputations can be
prepared by different institutions and compared.

8. Relation with other Projects

The project is closely related to PNS 4116, 4125, 4126. Further, it
is coordinated with all other projects of the HDR blowdown program.


collsvs
Text Box


S R
1.1.78 - 31.12.78 06.01.01/01A (PNS 4115)

9. References

GROTZBACH, G.: Numerische Untersuchung der Quervermischung bei auf-
triebsbeeinfluBter turbulenter Konvektion in einem vertikalen Kanal.
KFK 2648 (1978)

SCHUMANN, U.; MUSINGER, M.; SCHNAUDER, H.: Ergebnisse des Temperatur-
schichtversuches als Vorversuch zu den Experimenten mit RDB-Einbauten.
2. Statusbericht des Projektes HDR-Sicherheitsprogramm des Kernfor-
schungszentrums Karlsruhe, Karlsruhe, 24. Oktober 1978. S.3/58-3/82.
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Jan.1,1978~Dec, 31,1978
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1.1.1

Kennzeichen/Project Number

06.01.01/02A (PNS 4116)

Vorhaben/Project Title

Mefitechnische Erfassung und Auswertung des dynamischen
Verhaltens der Versuchseinbauten im Reaktordruckbehil=-
ter (RDB) des HDR im Rahmen der HDR-Blowdown=-Versuche

Experimental Data Acquisition and Processing of the

Dynamic Behavior of the Pressure Vessel Test Internals
in the HDR-Blowdown—-Experiments

Land/Country
FFRG

Fordernde Institution/Sponsor
BMFT

Auftragnohmer/Contractor

Kernforschungszentrum
Karlsruhe GmbH

Projekt Nukleare Sicherheit
IRE ’ :

Arbaoitsbeginn/initiated Arbeitsende/Completed Leiter des Vorhabens/Project Leader
Jan.1,1975 1979 K.D. Appelt
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittel/Funds
Continuing December 1978
4
l. GCeneral Aim ' '

P

The presently available methode and computer codes allow to design the LWRs

such that an accident caused by pipe rupture in the primary circuit can be

safely managed. However, the extent of exploitation of the structural load carry-

ing capability is not yet known. To be able to make a detailed determination
of existing safety reserves, it is necessary to' replace the conservative

computer models by realistic models and computer codes which, however, have

to be verified by relevant experiments.

’

Recording the dynamic deformations and stresses of the pressure

vessel internals is the particular objective of the anticipated investigatioms.

To get realistic results, the phenomenon of fluid-structure interaction has

to be taken into account, i.e. the feedback of structural .flexibility upon °

the pressure field imposed. Consequently, both the variables of state in the a

fluid and the dynamic response of the loaded structure must be recorded

simultaneously by measurement technology. It is the objective of this task

to measure the structure response of reactor pressure vessel internals

(deflections, accelerations, strains) occurring during a blowdown and to

€

Experience gathered from other similar projects has shown that the

instrumentation used must satisfy very stringent quality requirements if

intolerable failures and falsifications of cxporiméntal results are to be

2. Particular Objectibes
evaluate the experimental data.
avoided.

3. Research Program

4

The experimental program ineludes the development, testing and provision of

the instrumentation for the planned la

A

rge-scale experiments as wall as the

-2-



Jan.1,1978-Dec.31,1978 ~2- 06.01.01/02A (PNS 4116)

measurements and evaluation, It is divided as following:

3.1 Laboratory basic tests of prototype transducers (recording of characteristic
data).

3.2 Thermohydraulic and mechanical tests of the prototype transducers in the
autoclave system.

3.3 Tests on the dynamic behavior of the prototype transducers (with different
transducer supports).

3.4 Dynamic calibration of the prototype measurement chains (recording of the
transfer function),

3.5 Qualification and ordering of instrumentation for the HDR.

3.6 Recording the characteristic data for the transducers by laboratory basic
tests and dynamic calibration of the original measurement chains prior to
their installation in the reactor pressure vessel of the HDR.

3.7 1Installation of the instrumentation in the reactor pressure vessel of HDR
including performance tests and acceptance.

3.8 Conduct of tests and acquisition of measuring data.

3.9 Evaluation of measured data.

4, Experimental Facilities, Computer Codes

True-scale experiments not connected with problems of modeling belong to the
most significant studies indicated above. Therefore, the (decommissioned)
HDR reactor, modified into an almost true-scale PWR, has been used as the
suitable experimental facility. Details can be found in the Annual Report
1976 of the PNS 4221 task.

To develop and study the instrumentation a "facility for the dynamjc study
of transducers under blowdown conditions in the reactor pressure vessel" was
erected which consists of an electrodynamic shaker, an autoclav system, and
an auxiliary device allowing Hynamic investigations of the transducers in
air and water at ambient temperature. Besides, small auxiliary devices have

been used for various special investigations.

5. Work Completed

Qualification tests of nine accelerometer prototypes, two displacement trans-
ducer prototypes’??&e pressure transducer prototypes were perfomed in the
autoclave~shaker test facility. Development of facilities for high-temper-
ature dynamic calibration of accelerometers and pressure transducers was
completed and the facilities have started operation. The p;ipary reports on

the qualification tests of one accelerometer prototype and one displacement
' -3-
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transducer prototype wera completed.

6. Essential Results

Transducer defects found in previous qualification tests have been widely
eliminated., Two accelerometer models and two displacement transducer models
qualified as suitable for the performance of the RDB-E-blowdown tests. So
far, neither the absolute pressure transducer prototypes nor the differential

pressure transducer prototypes qualified as suitabla,

7. Plans for the Near Future

Ordering of accelerometers, displacement transducers and strain gauges for
the RDB-E-blowdown tests; provisien of corresponding calibration facilities, -
Conclusion of qualification tests of pressure transducer prototypes and pos~
sibly ordering of absolute and differential pressure transducers for the
RDB;Efblowdown tests,

8, Relation with Other Projects

The data on structural response of the reactor pressure vessel test internals
under blowdown conditiens, which are measured and recorded 'in the experiments,
serve as the input for the code developments made under the PNS 4223 task to
treat the dynamic load of reactor internals, taking into ;onlidcrntion‘tho

. backfeeding of structure and fluid. - ‘

9. Literature

1]
[y

PNS-Halbjahresbericht 1978/, KFK 2700, Sept. 1978

10. Degree of Availability

Unrestricted distribution, K.rnforuéhunglzcntrum Karlsruhe, .
Literaturabteilung
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Berichtszeiiraum, Penod

1.1.78 - 31.12.78

Klassifikation/Ct, -,
1.1.1

Kennzeichen/Project Number

06.01.02/01A (PNS 4125)

Vorhaben/Project Title

Weiterentwicklung und Verifizierung fluid-strukturdyna-
mischer Codes zur Beanspruchung von RDB-Einbauten beim

Blowdown.

Development and Verification’ of Codes in Coupled Fluid-
Structural Dynamics for Stress Analysis of Reactor Veg-

sel Internals Under Blowdown

Loading.

Land/Country
FRG

Férdernde Institution/Sponsor
BMFT

Auftragnehmer/Contractor

Projekt Nukleare Sicherheit
Kernforschungszentrum

Karlsruhe
IRE

Arbeitsbeginn/initiated

Arbeitsende/Completed

Leiter des Vorhabens/Project Leader

1974 1982 Dr. Krieg/Dr. Schlechtendahl
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittel/Funds
Continuing Dec. 78

Remark: The previous project
1978, it is continued by the

1. General Aim

Development and verification

of reactor vessel internals.

2. Particular Objectives

PNS 4221/PNS 4223 has been restructured. Since Jan. lIst,
projects PNS 4115, PNS 4125 and PNS 4126.

of computer codes for analysis of the dynamic response

Simulation of the fluid- and structural dynamics inside the pressure vessel under

a postulated failure of the primary coolant circuit close to the inlet nozzle. Ex-

perimental investigation by using the facility of the former HDR-reactor.

3. Research Program

Development of analytical methods and computer codes for fluid-structural dynamics.

4. Computer Codes

Codes in production:

YAQUIR, STRUYA

(2D fluid dynamics)

DRIX-2D (2D non equilibrium two phase flow)

CYLDY2 (shell dynamics for the core barrel)

STRUYA/CYLDY2 (2D fluid dynamics coupled with CYLDY2)

FLUX 1 (3D fluid dynamics coupled with CYLDY2, incompressible Fluid)
FLUX 2 (3D fluid dynamics coupled with CYLDY2, compressible Fluid)
SING-S (Boundary integral equation code for 3D fluid structure coupling)
FLUST (fluid dynamics system code with 2D models)
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Codes in development:
CYLDY3 (improved shell dynamics for the core barrel)
FLUST (coupling with DRIX-2D and FLUX)

5.+6. Progress to Date and Results

After a number of model enhancements the two phase code DRIX~2D was used to investi-
~gate the local mass flow distribution in the blowdown nozzle. In a cooperative
effort with the university of Karlsruhe the influence of model dimensionality in
fluid dynamics codes has been studied and its importance has been assessed. Pre-
dictive calculations with the code FLUST for HDR blowdown experiments have been

completed. Work has begun on implementing FLUX in FLUST.

With the code CYLDY3 which was recently developed for shell dynamics of the core
barrel, eigenvalues (eigenfrequencies and mode shapes) of high accuracy has been
obtained. Comparison with other results showed that, using finite elements, an
adequate description of the shell bending close to the boundaries as well as a
sufficient representation of high order mode shapes would be either extremely cost-

ly in terms of the number of elements or even impracticable.

With the STRUYA code the influence of numerical integration parameters was studied.
Furthermore, the equipment built into the HDR downcomer. for flow and temperature
control purposes was found to have a negligible influence on blowdown. The model
basis of the FLUX code was successfully checked against one-dimensional test cases
for which analytical solutions can be obtained. Comparisons between FLUX-calcula-
tions and the RS16/2-experiments were satisfying, although a certain sensitivity
against damping parameters was found. Work has begun on modeling of two fluid
phases in FLUX. For a DWR case a strong influence upon the maximum stresses in the
core barrel was found. Due to the differences in computer effort and stability be-
havior for the codes STRUYA and FLUX the conclusion was made, that for the analysis

of the pressure vessel internals primarily the code FLUX will be used.

With the code SING-S for coupled fluid structural dynamics in any three-dimensional
geometry parameter calculations has been carried through for the oscillations of the
spherical containment of a boiling water reactor with pressure suppression system.
For different collapsing steam bubbles in the water pool of the pressure suppres-
sion system the maximum shell elongations have been calculated. Furthermore, the in-
fluence of an additional not collapsing steambubble in the water pool could be determined.
-3


collsvs
Text Box


1.1.78 = 31.12.78 06.01.02/01A (PNS 4125)

7. Neat Steps

The drift flux theory will reach a stage of completion with documentation. Work on
integral balance equations for fluid dynamics will continue.

On the basis of the high a&ccuracy CYLDY3 results for the eigenvalues of the core
barrel dynamics also the defermations and stresses versus time will be calculated.
Coupling of FLUX and FLUST will be achieved. Efforts will be shifted from code de~
velopment to HDR experiments (06.61.01/01A).

The stresses, resulting frem the gecillations of the spherical boiling water reac=-
tor containment will be determined. Maximum bending stresses are expected at the

\
interconnection between the spherical containment and the bottom cone of the con-

densation chamber.

8. Relations with other Projects

The project is closely related to PNS 4115, 4116 and 4126. Further, it is coordina-
ted with all other projects of the MDR blowdown program.

9. References t

U. Schumann: Dynamic of a nuclear-reactor shell-structure in an incompressible fluid.
To appear in: U. Miiller, K.G. Roesner, B. Schmidt (ed.): RECENT DEVELOPMENTS IN THEO-
RETICAL ANb EXPERIMENTAL FLUID MECHANICS-COMPRESSIBLE AND INCOMPRESSIBLE FLOWS.
Springer Verlag (1978)

U. Schumann: Effektive Berechnung dreidimensionaler Fluid-Struktur-Wechselwirkung
beim Kiihlmittelverluststdrfall eines Druckwasserreaktors - FLUX.

KFK 2645, in Vorbereitung (1978)

H. Mdsinger: Assessment of a drift-flux approximation for a strongly transient two-

phase flow. Specialist's Meeting om Transient Two-phase Flow, Paris (1978)

R. Krieg: Coupled Problems in Transient FPluwid and Structural Dynamics in Nuclear
Engineering. Part I: Safety Problems by Flow Singularity Methods.
Appl. Math. Modelling 2 (1978), 81-89
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B. Géller, G. Hailfinger, R. Krieg: Vibrations of the Pressure Suppression System

of a Boiling Water Reactor. Int. Conf. Vibration in Nucl. Plant, May 78, Keswick,UK

B. Goller, G. Hailfinger, R. Krieg: Schwingungen im Druckunterdriickungssystem von
Siedewasserreaktoren mit flexiblem, wasserbeaufschlagten Kugel~Containment.

Reaktortagung 1978, Hannover

G. Enderle, F. Katz, H. Mésinger, E.G. Schlechtendahl, K. Stélting:

Belastung eines DWR-Kernmantels nach dem Bruch der HauptkiihIlmittelleitung.
Reaktortagung, Hannover, 4.-7. Apr. 1978, Deutsches Atomforum e.V., Kerntechni-
sche Ges. im Dt. Atomforum e.V. Leopoldshafen 1978: ZAED, S. 222-25

G. Enderle, F. Katz, H. Mdsinger, E.G. Schlechtendahl, K. St8lting:

Pressure field and core barrel loadings during PWR-blowdown.

Internat. Meeting on Nuclear Power Reactor Safety, Brussels, Belgium, Oct. 16-19,1978

F. Kedziur, N. Moussiopoulos, U. Schumann, K. St8lting:
PWR-depressurization and its hydraulic analogy. Nucl. Engineering and Design, -
47(1978, S. 25-34

$
R. Krieg, G. Hailfinger: SING | - Ein Computercode zur Berechnung transienter

dreidimensionaler, inkompressibler Potentialstrdmungen nach einem Singularitlten-

verfahren, KFK 2505 (Mdrz 78)

R. Krieg: Coupled fluid structural dynamics in blowdown suppression systems: numeri-

cal schemes and applications. Lecture Notes for Advanced Course on Structural

Dynamics, Ispra, Oct. 12, 1978

A. Ludwig, U. Schumann: Eigenschwingungen eines Druckwasser-Reaktor-Kernmantels
in Vakuum und Wasser. Reaktortagung, Hannover, &4.-7. April 1978, Deutsches Atom-

forum e.V., Kerntechnische Ges., im Dt. Atomforum e.V. Leopoldshafen 1978: ZAED
S. 130-33

E.G. Schlechtendahl: Status of code development in the Federal Republic of Germany
concerning fluid-structural dynamic coupling during reactor transients,

6. Information Meeting on Water Reactor Safety Research, Gaithersburg, Md.,

Nov. 6-9, 1978
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Berichtszeitraum/Period N Kiassifikation/Classification Kennzeichen/Prolect Number o
1.7.78 - 31.12.7-)‘ ) 1.1,1 06.01.02/02A (PNS 4126)
Vorhaben/Project Title Land/Country

Laborversuche zur Abstilitzung von fluid-struk- FRG

turdynamischen Rechenprogrammen zur Beschreil= | Fardernde Institution/Sponsor

bung der Anfangsphase bei Kihlmittelverlust- BMFT

stO6rfdllen. Auftragnehmer/Contractor

Projekt Nukleare Sicher-
heit, Kernforschungs-
zentrum Karlsruhe

Laboratory Experiments for validation and en-
hancement of fluid/structure dynamics codes

to initial phases of LOCA. IRE
Arbeitsbeginn/Initiated Arbeitsende/Completed Leiter des Vorhabens/Project Leader
1978 1982 Dr. Krieg
Stand der Arbeiten/Status ‘ Baricsdatum/Last Updating Bewilligte Mittel/Funds
Continuing December 1978

1. General Aim

Development and verification of computer codes for analysis of the
dynamic response of reactor vessel internals.

2. Particular Objectives

Design, performance and interpretation of laboratory experiments for
validation of models and computer codes developed under PNS 4125.

3. Research Program

3.1 Nozzle experiments for investigation of two-phase flow models
3.2 Laboratory experiments of blowdown type supplementary to the HDR-

blowdown tests
3.3 Experiments of oscillation type for investigation of fluid-struc=~

tural coupling

4. Experimental Facilities, Computer Codes

Ad 3.1 IRB-water-steam-circuit
Nozzle test section
Computer code DUESE
Computer codes from PNS 4125

Ad 3.2 Container with setup for fast pressure release
Computercodes from PNS 4125

Ad 3.3 Thin-walled circular cylinder, empty as well as filled with

water
Computer codes from PNS 4125 (SING=-S, FLUX)

' -
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5.+6. Progress to Date and Results

Ad 3.1

Ad 3.2

Ad 3.3

7. Next

The first series of 100 two-phase flow tests with the conver-
ging nozzle have been performed. Analysis of the 34 signals
per tests have begun. First results have been obtained. They
show good signal quality and indicate fairly good predictabi-
lity by /t‘he drift flux model. '

Investigations on the constructive details of the pressure
vessel internals have been intensified. It turned out, that

.simulation of these internals during experiments of blowdown

type depends strongly on the theoretical models which will be
used.

For experiments with periodic excitation the required equip-
ment is available or has been ordered. Calculations parallel
to these experiments (fluid-structural-coupling) are in pre=-
paration.

Steps

Ad 3.1

Ad 3.2

Ad 3.3

Interpretation of the first series of two-phase flow tests in
collaboration with LIT will be finished. A second series of
tests is planned with some modifications of the test setup an
the trancducers.

Before carrying through the experiments of blowdown type, mor
knowledge is required about the theoretical models which are
going to be verified.

The experiments with periodic excitation will be carried
through for type a and prepared for additional types. Also th
calculations will go on in the same time scale.

8. Relations to other Projects

The project is closely related to PNS 4115 and PNS 4125. It is coordi:
nated with all other projects of the HDR blowdown program.
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9, References : ' ‘ -

[ 1 7 F. Kedziur
Investigation of Strongly Accelerated Two-Phase Flow“
ICHMT~Conf. on Momentum, Heat & Mass Transfer in Two-Phase
Energy and Chemical Systems, Dubrovnik, Jugoslavia,
2.-9. Sept. 78 ‘

["2_7 F. Kedziur, H. M8singer .
Vergleich zwischen ein- und zweidimensionaler Berechnung .
‘einer Wasser-Dampf-Disenstrdmung; KFK 2623, Okt. 1978
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. |CLASSIFICATION:
1.1.1
TITLE (ORIGINAL LANGUAGE): COUNTRY:
_ ITALY
Critical and unbounded flow characteristics
: SPONSOR:
C.N.E.N.
TITLE (ENGLISH LANGUAGE): . | ORGANISATION:
C.N.E.N.
PROJECT LEADER:
G. FARELLO
INITIATED: COMPLETED SCIENTISTS:
March 1978 ' :
STATUS: LAST UPDATING:
In progress June 1979
1) General aim o ‘ 4 Measure of blowdown parametei's and

jet flow characteristics.

2) Particular objectives Measure of jet pressure distribution
' and two-phase flow parameters in the
discharge channels (pressure,
temperature, flowrate).

3) Experimental facility | Small laboratoéry lcops with
o visualized test sections.

i

) Projedt status Data and parameters in the first
‘ test section have already been
analyzed.

. © A second test section and loop are

5) Next steps
. in progress.

6) Reports . : L Centi, Cumo, Farello, Lumini,
"Preliminary remarks on jet
. impingement and jet flow
configurations™, Cagliari 10-14
Sept. 1979, XVIII International
IAHR Congress.

7) Contact person 'G. Farello, CNEN, CSN, Casaccia,
' C.P. 2400, I-00100 Roma

45.897
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CLASSIFICATION:
1.1.1, 1.1.2
—]
TITLE (ORIGINAL LANGUAGE): COUNTRY :
Programma P.I.Pe.R. - Esperienze di blow-down da ITALY
| un recipiente in pressione dotato di strutture - SPONSOR : -
interne.
CNEN and CNR
TITLE (ENGLISH LANGUAGE)' ORGANISATION:
Blow-down experiments by PIPER ,apparatus with inter | University of Pisa
Jnal structures. " PROJECT LEADER:
Ny Piero VIGNI
INITIATED: (second phas.)—ﬂCONPLETED:(seCond phase) |SCIENTISTS:
1975 1580 Umberto ROSA
N~ - ’ ]
STATUS: LAST UPDATING: Francesco D'AURIA
in progress <t May 1979

1. General aim f
To investigate some basic blow down problems for analyzing the causes of |

possible disagreements between the experimental results and the RELAP
calculations, with particular reference to the scaling effects.
4

2. Particular objectives
To reproduce experimentally, by a small-scale model, the pressure and
mass transients following a L.0.C.A. in a B.W.R. and to evaluate the me~ |
chanical effects of the thermohydraulic tiransients on the internals and
on supporting structures of the test vessel.

3. Experimental facilities

P.I.P.E.R. apparatus is a pressure vessel, 3 m height, equipped with an
electrical heating device, rupture disk assembly and instrumentation for
pressure, temperature and liquid level measuremienty. The dynamic loads

on the ve$ssl supporting structures on the interqals and on external tay !
gets can be also medsured. S

The main dé51gn features of the vessel are: : R

- pressure:' 10Q, kgp/cm2

- temperature: 310, °C

- volume: 90 1

~ blow-down'nozzles: two equal, at different helght with a diameter of
50 mm and a length of 400 mn. o

13 L4
.

4. Project statlis '
The program of blow-down experiments with internal structures was comple
ted. Some tests at initial pressure of 70 ate, with low vapor mass frac- :
tion and a break position under the initial water level were performed;
some geometrical parameters were varied (particularly the number and hy-
draulic diameter of jet pumps) for evaluating their effects on the pres-
sure history.

The dynamic loads on grid nodcls and on supporting vessel structures we-
re also measured.

45.897
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TITLE (ENGLISH LANGUAGE): CLASSIFICATION :

Blow-down experiments by PIPER apparatus 1.1.1. 1.1.2 .
with internal structures. tErSy R

5. Next steps

‘Blow-down experiments are in progress to investigate the pressure and
temperature histories at different stations in outflow nozzle, for full-
-opening breaks of different areas, up or under the initial water-level.

Relation to other projects and codes

SOPRE 1 research on the behaviour of pressure suppression containment
system after LOCA - Project Leader: M. Mazzini.

Analysis of thermal and hydraulic transients following a LOCA -~ PrOJect
Leader: N. Cerullo. :

Reference documents

1- P. VIGNI et al. .
"Esperienze preliminari sull'efflusso rapido di miscele acqua-vapore
inizialmente allo stato saturo (P.I.Pe.R.)" .-
Istituto di Impianti Nucleari, RL 149(73).

2- N. CERULLO et al. .
“Blow-down activity performed at Scalbatraio Center of Pisa-Universi-
ty - Comparison between experimental results and RELAP-3 Calculations"
Mecting on Computer Programs for the analysis of certain problems in
thermal reactors safety - NEA CPL (Ispra, 1974).

3- P. VIGNI et al.
‘“Theoretical and experimental investigation on the model-laws for the
vessel depressurization of a nuclear BWR without 1nternals"
XVIII Congresso IAHR, Cagliari 1979.

4- P. VIGNI et al. 1
"Experimental and theoretical 1nvestigat1on on the depressurization
of a vessel with internals"
ENS/ANS” T0p1ca1 Meeting on Nuclear Power Reac;or Safety, Brussels 1978.

.

5- P. VIGNI ) ot
" "Esperienze di efflusso rap1do da un recipiente in press:one con strut
ture interne" 7 - d

Istituto di Imp1ant1 Nuclear1 di P1sa, RL 317(78). ' o

Degree of dvailability
The references }-4 are free, the reference 5 may be available with the

authorization of the CNEN. , o

(Istituto Impianti Nucleari, Universitd, V. Diotisalvi 2, I-56100 Pisa)

\
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CLASSIFICATION:
1.1.1,1.1.2,1.1.4,1.2,7 .2
TITLE (ORIGINAL LANGUAGE): COUNTRY: : ’
.Analisi dei transitori termici ed idraulici a segui ITALY
to di LOCA nei reattori ad acqua leggera e nei si-
stemi di contenimento associati. SPONSOR : -

CNEN and CNR

TITLE (ENGLISH LANGUAGE): ORGANISATION:

i . . Uni i ’
Analysis of thermal and hydraulic transients follo- niversity of Pisa

wing a LOCA in [L.w. reactors and in associated con PROJECT LEADER:
« tainment systems. . ‘ SAUER ¢

N. CERULLO

INITIATED: COMPLETED: SCIENTISTS:

1974 1980 ' F. ORIOLO

. MEI
STATUS: LAST "UPDATING: G- M

in progress May 1979 g- g?gg???LLI

1. General aim

7

The program has the purpose of investigating thermal and hydraulic tran

sients following LOCAs on light water reactors. To achieve a keener un-

derstanding of some aspects of the blow-down °~ phecnomena and to impro-
ve somc fcaturcs of bpth blow-down and containment codes checking their

calculation with experimental data obtained at the safety facilities of
the Scalbatraio Center, liniversity of Pisa.

2. Particular objectives

Qualification of a "Best-Estimate" computer code in the analysis and de
sign of experimental tests; the experimental results will be applied to
check and improve the ‘blow-down computer code capabilities.

3. Facilitiecs '

IBM 370/160 computer belonging to the CNUCE-CNR, Pisa. The experimental
small scale. facilities PIPER and SOPRE of the Scalbatraio Center, Uni-

versity of Pisa.

. +
A}

4. Project status ' : o

Extensive work, has, becn carr1ed on and continues regardlng the WREM co-
des and the blow- down, heat-up and containment codes.
These codes have. beentused to analyze:

LOCA Standard Problems proposed by NEA/CSNI;

OLCD-CNS1 Conta1nment Standard Problem 1: some results obta1ned will
be presented “at the OECD-CSNI workshop;

results of experimental programs performed by the "IStltUtO di- Impian
ti Nucleari" at the Scalbatraio Center, University of Pisa.

5. Next steps

45.897

Application of the RELAP4-Mod. 5 and Mpod. 6 computer prdograms to the
experimental test on blow down transients to implement the numerical
models.

Use of these codes in the analysis of the power plant LOCA transients.

Use of the CONTEMPT-LT 026 computer program and its application to
MARK III containment analysis.
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6. Relation to other projects

L

-8 ~

TITILE (ENGLISH LANGUAGE) : CLASSIFICATION :
Analysis of thermal and Hydraulic tran- ‘ ‘

sients following a LOCA in L.W.reactorsjl.l.1,1.1.2,1.1.4,1.2,7.2
and in associated containment systems. .

-y

t

3

na

[ L

0
.
v

- Blow-down tests by PIPLER Apparatus - Project Leader P " VIGNI. ;
- SOPRE 1 - Research on the behaviour of pressure suppression containment
system after LOCA - Project Leader M. MAZZINI. : ,

. Reference documents a o - ' !

1-

™~
t

w
1

-3
]

o
3

PR
s

l

N. CERULLO et alii :
"Blow~down activity performed at the Scalbatralo Center of the Pisa .!
University: comparison between experimental results and RELAP 3 calcy;
lations" 5
Meeting on Computer program for the analysis of certain problems in ;
thermal reactors safety - NEA C.P.L., Ispra 23-24-25 Ottobre 1974.

N. CERULLO et alii ' " 1
“"Results of Calculation of NEA - Standard Problem 4 us1ng RBLAP 4 - OOZ;
Computer program" |
Presented at the second NEA-CSNI workshop, held 1n Parls on 6-7-8-9 {
" December 1976, on LOCA Standard Problems. - |

i

+ N.- CERULLO et alii, ‘ ' o )
. "Experimental Investigation on the Behaviour of Pressure Suppre951on §

Containment Systems by the SOPRE 1 Facility" :

Paper presented at the SMIRT 4 Conference, S. Francisco, Californla ]
(USA), 15~-19 August 1977. - .

N. CERULLO et alii o
"Research on the behaviour of pressure suppression contalnment systems

‘carried out at the University of Pisa: comparison between eXperlmenta%
results and CONTEMPT-LT calculations" - L

Istltuto di Impianti Nucleari, Universitd di Pisa, RP 290(77) .i

G. BITE?TI et alii ¢

"OECD~CSNI. Containment Standard'Problem n° 1: Chlculation Reoults by
RELAP4 Mod. 5 and CONTEMPT LT-C26 Computer Codes"

ger plesented at OECD- CSNI workshop, held in Frankfurt on September
L1978, 1 LT T R

P. VIGNI, F. ORIOLO, U. ROSA coL :

"Experimental and Theoret1ca1 Investigation on’ the Depressurizat1on of

a Vessel with, Internals" ’

ENS/ANS Topical Meeting on Nuclear Power Reactor Safety, Brussels (Bel

_ gium), October 16-19, 1978.

Gy
¥

Degree of availability

All references are avallable.

(Istltuto Impianti Nuclearl, Unlver51té V DlotlsalV1 2y I- 56100 Pisa)

\ .
A
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Nether Landa fBnergy Reasarch Foundation (iCi) CLASSIFICATION Lelodo /10002,

.

TITLE: ' COUNTRY: THE NETHERLANDS

Mechanisch gedrag van het reactorbinnenwerk tijdens| gponsoRn: B
grote ongelukssituaties

ECN.

ORGANIZATION ¢
TITLE (ENGLISH LANGUAGE): ECN
Mechanical behaviour of reactor intermals during PROJECTLEADER :
major accident situations, L.H. Vons

" SCIENTISTS :

INITIATED ¢ 1977 LAST UPDATING :May 1977 H. van Rij

L.G.J. Janssen
STATUS tin progress COMPLETED ' : |980
General aim B

To increase the knowledge of the mechanical behaviour of the reactor internals

during normal operating conditions and in particular during major accident
occurrence. o -

Particular objectives

- The evaluation of a "safe" shut-down of the reactor during postulated design
accidents such as Loss Of Coolant Accidents.

- The deformation in the Teactor internals immediately following a LOCA.
Experimental facilities and program: -~

Project status

Several calculations were performed using special elements of the NASTRAN-computer
code to demonstrate that the program is capable to handle contact problems.

The results of these calculations show that the NASTRAN~computercode can handle
inpact-phenomena between the construction parts involved (i.e. fuel elements, .
grid-plates etc.,) satisfactorily. .

Next steps

During the fall of '78 calculations will be performed on an arrangemeng of one
fuel element and comnecting structural parts to demonstrate that a more complex
system can be handled by the NASTRAN-program as well. '
Depending on the results of these calculation, a simulation of a complete
Teactor-internal~system will be analyzed,

However this calculation will only be executed provided that reliable values

of the timedependent pressure history during major accident (i.e. LOCA)
situations are available, ‘

Relations to other projects

Related studies at ECN: Reactordynamics and thermo~hydraulic study
Reference documents: not yet available. ' ' ., o

Degree of availability: N/A. Co A : ’1)

Budget: Computer cost 1978 + {979 ~ US $‘20c000k
Personnel: 1978 + 1979 3 0,6 manyean . ERR

Y
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Classification 1.1.1/1.1.2

Title 1 Blowdown Analysis Country UK

.. Sgonsor CEGB
Title 2 Critical Two-Phase Flow

Organisation Berkeley Nuclear

Laboratories, Berkeley, Glos.

Initiated 1975 Completed
o s Last
Continuin 3
Status 4 Updatin Project Leaders
K.H. Ardron
S.J. Board

General Aim

To improve capability of calculating critical steam water flow-rates in
reactor size pipes.

. . .4
Particular Objectives

(i) To develop a two-fluid model of non-equilibrium steam-water flow.

(ii) To test this model against measurements of flow-rate, pressure drop
and density variations in pipes carrying critical steam-water flows.

Experimental Facilities

A pressure vessel with a capacity of 500 kg is being installed to discharge
subcooled or saturated liquid at up to 35 bar through pipes of diameter
35-100 mm. Initially measurements will be made of mass velocity, subcooling
and axial pressure and density gradients. Later experiments will provide
data on bubble numbers in the discharge pipes.

References

Ardron, K.H. and Furness, R.A. - Studies of the Critical Flow Models Used
in Reactor Blowdown Analysis, Nucl. Eng. Res., 39, 257.

Ardron, K.H., Duffey, R.B. and Hall, P.C., 1977, - Studies of Physical
Models Used in Transient Two-Phase Flow Analysis. Presented at I. Mech.
Engrs. Conf. on Heat and Fluid Flow in LWR Safety, Manchester.

Ardron, K.H., 1977 = A One-Dimensional Two Fluid Theory for the Critical
Flow of Saturated or Subcooled Water in a Pipe. CEGB Report RD/B/N3967.

Ardron, K.H. and Ackerman, M.C. 1978 - Studies of the Critical Flow of
Subcooled Water in a Pipe. Paper presented at Second CSNI Specialist
Meeting on Transient Two-Phase Flow, Paris, June 1978.
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. CLASSIFICATION 1.1,2

I 4
...
i
rITLE ) C - '.'\‘ ST COUNTRY Bolgiwa (UsSede)
BLOWDOWN HEAT Transfer Test ,
Program . : | SPONSOR ‘
; ORGANIZATION Westinghouso
: .~ EPRI
PITLE 2 PROJECT LEADER
. SCIENTISTS .-
v JTIATED (date) - . COMPLETED
* " End 1976
STATUS o | : " LAST UPDATING
Progressing | B NA. . S
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1.0 Gcheral Aim

13
3

‘ﬁc general objective of the Blowdown Heat Transfer Test Program is to
‘obtain experimental data to determine the key heat transfer’ parametcr
during the early stages of a PWR Loss of Coolant Accidento up to and -
following operations from nucleate boiling (DNB);. This experimental
‘@ata will be utilized in the developmaﬁt ef transient DNB correlations

for use in ECCS performanca analyspm.

L4

. 2.0 Particular Objectives

a) Controlled Parameter Tests wVPhaée”I" }'1-’;_: o

‘The objective of. thuSe tcsts is to obtain data from which transient -

DNB heat transfer corrclations can be developcd. This>objectiVQ is to .’

‘ho accomplished through a serics of- aingle parameter tests vhich impose N

‘controlled thermal/hydraulic transients on the test: Bundle. The proposed”
¢ range of initial and vamped conditions a:e expected to providp the data ff;

‘base necessary to conclute the' odcurence. af DNB over a range of condi* ,~f

‘tions applicabie to plant LOCA- transients._.h : : o

* K . '/ E B . ; .. . .“- Y X ..“..‘..‘ s o . ) »", '. ) i
.b)  System Response Test'ﬁ Phasa Ix .o ' '

’ The objective of these tests is to obtain data in this facility which 7ﬁ??,
demonstrates that DWB-does: not ‘occuy during the early core flow reversal ‘3
" period which is calculated upon a large double ended.cold leg. break in '
'a PWR. The DNB heat transfer correlation developed in the PHASB I )
testing will be subsequently‘verified 1n ﬁha PHASE 1: testa.

.‘.

"

3. Exnerimen;al Pacilitx~:ffu

The test facility_cqnsists‘of z'gfgf'9;

\

a) A primary loop in which watur 1a circulated to- preheat the test
Vushol and ouhor compbnonta ﬁo oporating temparaturas.hf

‘%‘

b) A

[




~at

Y A
Y

Q
A

chamber through the tost bundle. undex conditions which simulate

a PWR LOCA.

c) A 12 foot long test bundle}cohsisting of 25 heater rods in a

5 x § array. The bundle axial powecr' shape is skewed to the bottom |

with a non=-uniform radial powér'profiie} The heater rod instrumen=
tation includes 12 c¢lad thermocouples and 8 element thermocouples.

.The range of initial and vamped éondit;ons are

a) Initial Heat Flux : - 10 Kw/ft - 10 Kw/ft
b) Initial Mass Flux ¢ : o
c) ° Initial Bundle Inlet Tcmperature t, 560°F ~ 600°F

Q) Initial System Pressure 3 . ., 1750 - 2250 PSIA -
¢) Depressurization Rate 0 = 350 PSI/SEC

£) Flow Deccay Rate

4. Project Status

a
i

Six tests have been conducted and a preliminary report iséheo t® EPRI. -
An evaluation report will. not be issued until December, 1976.

t . o

5. Near Term Plans S - .
| ,

Approximately 10 additional tests will be conducted in thereriod

| .2.x106 - 3. x 10% 1bm/hr it

0 = 2.5 1o 1bm/hr ft /se&.

!
.

e v - -~ -

. e a

June 1, 1976 to August 31, 1976 to further 1nvestiqate initial conditions

parameter vamps, and flow direction.,n o : ) i .-

Syt ' ) .

6. Relation To Other Programs
. . B .
i .

This program is indirectly related’ to other oeVelopment prograns

(@G, FLBCHT, two«~phase pump tests’) etc.) aimed ak 1mprov1nq Loca
analysis models.

l

¢
f
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Water Reactor Inde

CLASSIFICATION:
1.1.2.
TITLE (ORIGINAL LANGUAGE): COUNTRY :
' BELGIUM
Critical Heat Flux in stagnant Water with a near-by cooled
wall., ~ - | SPONSOR ¢
EAAR T CEN/SCK
TITLE (ENGLISH LANGUAGE): . ' ORGANISATION:
' | CEN/SCK

PROJECT LEADER:
Mr. HEBEL, W.

INITIATEDY - 130NEﬂﬁBTEﬁ}r**‘ S © T I'SCIENTISTS:
1975 . ) Mr. DECRETON, M.

STATUS : LAST UPDATING:

: Continuing May 1978

A

53 897 . /.

1. General Aim

Investigating the mechanisms responsible for the Critical Heat Flux (burnout) limit in
a particular geomstrical configuration where a stagnant water layer is confined by

opposite heated and cooled walls.

2. Particular Objectives

Providing design criteria for irradiation test devices containing an LWR fuel rod in a
water filled pressure tube that is cooled from outside.

' ]

3. Experimental Facilities

A CHF test installation is available where electrically heated rods can bs loaded into
pressure tubes of different dimensions and of different materials. The rod diameters
are usually those of PWR and BWR fuel pins and the spacing of the stagnant water gaps
may vary between about 2 and 15 mm. The pressure on the water gap can be sst from
1 to 240 bar. The test section is connected to a cooling water loop with variable and
controlled entrance tempsrature. Various instrumentation equipment is provided for
measuring wall temperatures and temperature gradients in the gap, for pressure and
power control. Onset of CHF is detected by controlling the heating rod dilation by
means of a linear motion transducer.

“d
4. Project Status

Numerous testing runs have been performed for evaluating systematically the role of the
different characteristic parameters as water pressure, rod diameter, gap spacing, cooling
wall temperaturse, etc.. A theoretical approach has been developed for describing the
observed phenomena and for predicting CHF occurrence.

5. Next Steps

Continuation of the experimental and theoretical work for a detailed quantification
of the relevant heat transfer mechanisms as vapour production at the hot wall, heat and
mass transfer through the gap and vapour condeneation related to the cold wall.



-24 -~

6. Relation with other Projects
?

A complementary research program (called DNB) is being performed at CEN for extending
the investigations towards the hydrodynamics of CHF in a forced flow of water.

7. Reference Documents

(1)  W. HEBEL, P. DIRVEN : "Critical Heat Flux through a stagnant Water Annulus”
KERNTECHNIK 17 (1975), 12, P.546-549

(2) W. HEBEL, M. DECRETON : "Mechanisms of Criticael Heat Flux in a stagnant Water
Annulus”, 2nd MULTI-PHASE FLOW AND HEAT TRANSFER
SYMPDSIUM._Miami _Beach [(USA), April 1878... .. .

Critical Heat Flux 1An stagnant Water with & nesar-by cooled wall.

-


collsvs
Text Box


—-a5-

orichtszol ifikation/Classitication ‘ Kennzeichen/Project Number e
Bl. c;tswnrmsml/Pulrl%d 1977 Klazis. 1atezn assificatio | . RS 146/PNS 4136 (42141
Vorhaben/Project Title ‘ ' " | Land/Country

Entwicklung eines Radionuk)idmeBverfahrens zur|_ FRG
Massenstrommessung in instationdren Mehrphasen} Fordernde Institution/Sponsor

stromungen BMFT

Auﬂragnehmer/Contraclor

: ' , ‘Kernforschungszentrum
Development of-a Radionuclide Method of Mass Karlsruhe .

Flow Measurement in Non -Steady State Multi-

phase ‘Flows PNS/LIT |
Arbeitsbeginn/initiated Arbeitsende/Completed Leiter des Vorhabens/Projact _Leader
1.10.1974 1. 31.12.80 ; A R, Loffe]

Stand der Arbeiten/Status ‘ BerlchtsdalqmlLesl Updating Bewililgte Mittel/Funds
Continuing ‘ December 1977 - DM 827.000.f-

.rupture pipes of the Grone]zheim Superheat Reactor HDR)»_e

1. General Aim K . ,

A radionuclide technique is presently developed which allows to
determine the mass flow of non-steady-state two-phase f]ows. This
is done by measurements of the

- velocity of the gas and liquid phase using a radiotracer technique,
- density of the two-phase mixture using a gamma-absorption method.

It is intended to measure simultaneously aTthough separately the
velocities of the two phase by means of two different radiotracers,
Moreover, the method will be combined with an absorptxon density
measurement. The method is to attain a high time reso1ution (better
than 100 msec) and shall be also applicable at pressures between

1 and 160 bar and temperatures from 20 to 350 °cC. Besides, efforts
must. be made to keep the measuring sections as short as possible
so that the method can also be used for short tubes (e. g. the

2. Particular 0bject1ves

! i , ; i
' - . N ‘
!
i

Based on the transit time method a measur1n§ techanue is being %
developed which is suitable for studyhg steady-state and non- steady-‘i
state two-phase flows-also in tubes of ‘larger dimension. Having
passed an initial sect1on. ‘the radioactive tracer injected into
the flow is recorded as an activ1ty d1stribut1on plot at two measu- ;
‘ring points placed in a staggered arrangement along the tube. The
velocity s determined from ‘the distance between the two measuring

;o - . . P . N Lt .
. . . . " Lo '; -'. e ‘..\ P e n
. . . ; . ) N . " ) e s . FRUNS,

‘e

PRI " SO ST Y -~

r—m ——— -
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- e
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1.7. + 31.12.1977 | B e ey

points and the transit time of the radiotracer. Periodic injection
allows also a quasi-continuous measurement of the non-steady-state
flows. The short-lived radionuclides Ar-41 (gas phase) and. 'Mn-56
(1iquid phase) are used to mark the two gas/liquid phases.,

T an e v Wt 0 e R e e e - e s e o ows s e Nn s 4 M em n de D NG W R M A

The gamma-absorption density measuring technique is coupled with

the measurement technique for determination of radiotracer veloci-
ties such that the density and velocity are measured with the same
accuracy and time resolution., Since both direct and scattered radia-
tions are emitted from the Ar-41 and Mn-56 radiotracers injected into
the flow, the scattered radiation must be eléminated in the energy ’
range of the gamma-absorption density measurement selected -to- allow
proper measurement of densitites. L ‘ ‘

3. Research Progrém ;

The experimental program consits of:

= test of the radionuclide method under blowdownlike conditions

on the "Joint Test Rig for Test and Calibration of Different’
Methods of Two-Phase Mass Flow Measurement" (RS.145/PNS 4215)
- preparation of the HDR-experiements (RS 123). o

4, Experimenta] Faéi]iti@s

Installation of a radiotracer two;phase velocity measurément,dévice“
at the "Joint Test Rig" (RS 145) was terminated in March 1977. In
October a Gamma densitometer was additionally instailed.

5. Progress to Date ‘ j

At the "Joint Test Rig (PNS 4215) :for testing and 6a\1brating diffe-. -
rent two-phase mass flow measuring techniques® roughly 250 tests |
were performed wwthin the range of p = 5 « 100 bar with c - 0 « 1
and m = 0 -4 kg/s.
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1.7. - 31.12.1977 . N N

6. Results

Velocities of 0.1 - 50 m/s for both phases and slip ratios of
1.0 - 7.0 were measured. A typical result has been represented as
an example in the two diagrams.

Until completion and installation in the test rig of the y-absorption
density measuring system the two-phase-mass flow was calculated

from the steam and water velocities measured by the radiotracer
method as well as from the pressure, temperature, and superficial
velocities. The values so determined showed good agreement with the
* balance mass flows evaluated by the IRB Institute. It was demonstra=-
ted in these two-phase velocity measurements that the gaseous and
liquid tracers mix well with the steam and liquid phase, respecti-
vely, and stay in this phase as a gas and liquid, respectively.
Moreover, further knowledge was derived of the length of starting
and measuring sections. Good results have been likewise obtained
with the multiple beam y-absorption density measuring system, which
started operation in the fourth quartér, so that it is possible now
to determine the mass flow directly from the velocities of the two
phases and from the density of the two-phase mixture.

7. Next Steps

In 1978 the method will undergo final testing under conditions re=-
sembling blowdown at the "Joint Test Rig for Test and Calibration

of Different Two-Phaset Mass Flow Measuring Techniques” (PNS 4215/

RS 145) Further applications of the radionuclide method are . pIanned
for the HOR blowdown experiments from 1978 until 1980.

- 8., Relation with Other Projects

RS 33 . Joint Reactor Safety Experiments in the Power Station of
Marviken, Sweden

IGKSS Geesthacht, 1971 - 1977

RS 109 Experimenta] Investigation. of the Inf]uence of PWR-Loops
on Blowdown :

RS 123 . safety Investigations performed at the decommissioned HDR
plant :
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9. Reference Documents

RS 145
(PNS 4215)

‘Joint Test Rig for Tests and Calibration of Different

Methods of Two-Phase Mass Flow Measurement
GfK-1IRB, Karlsruhe, 1974‘-'1978

Report
Report

. Report
Report

Report

" Report

Report

VDI-Berichte Nr.

KFK

KFK:

KFK
KFK
KFK
KFK
KFK

1859
2050
2130
2195
2375
2435
2500

(1973) (German)
(1974) (German)
(1975) (German)-
- (1975) (German)
(1976) (German)
(1976) (German)
(1977) (German)
254 (1976) (German)

Reports in the series GRS-FORSCHUNGSBERICHTE

KFK-Nachrichten, 9 (1977) No. 2, 38-42 "

Report EUR 596le (1977)

10. Degree of Availability of the Reports

Unrestricted distribution.
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Barichtszeltraum/Period Klassifikation/Classification Kennzeichen/Project Number
1.1.78 = 31.12.78 1.1.2 RS 109 ~
Vorhaben/Project Title Land/Country
EinfluB d. DWR-Umwdlzschleifen a. d. Blowdown FRG

(LOBI Projekt) einschl. Erweiterung um LOBI- ﬁgﬁg%QMﬂmanSmmuu

Pumpenversuche z. Ermittlung d. Zweiphasen-

stromungskennfelder (WCL-Hamilton, Astr-Graz ) Auftragnehmer/Contractor

Influence of PWR loops on the blowdown
(LOBI project) incl. extension by LOBI pump
tests to establish two phase flow characte-

Kommission d. E.G.
G.F.S.—ISPI‘a
Commission of the E.C.

ristics (WCL-Hamilton, Astré-Graz) J.R.C. Ispra Establish-
Arbeitsbeginn/nitiated Arbeitsende/Completed Leiter des Vomabenalprm
1.12.73 30.11.81 W. L. Riebold
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewililigte Mittel/Funds
Continuing Dec. 1978 .
)
C> 1. General Aim

Experimental investigation of the thermohydraulic behaviour
of a primary cooling system (PCS) of pressurized water reac-
tors (PWR) during a loss~-of~coolant accident (LOCA) (blowdown)
causal by a rupture of the main cooling pipe.

Particular Ojectives

3.

Design and construction of a large scale 2-loop blowdown test
facility.

Experimental inves%igation of the LOBI pump characteristics
under two-phase flow conditions.

Performance of loss-of-coolant experiments (LOCE) by simula-
ting pipe rupturesof different sizes at various locations
within the PCS of PWRs,

Experimental investigation of the influence of the thermohy-

draulic behaviour of the individual components of the PCS of

PWRs on the course of a LOCA (blowdown) by measuring the sig-
nificant thermohydraulic quantities, in particular those in-

fluencing the core cooling.

Application of the experimental results to check and improve
blowdown computer codes and associated theories used for the
safety analysis of LWRs,

Research Progpamme

The LOBI R&D-contract between the BMFT-Bonn and the Commission

of the Buropean Communities (E.C.) foresees the execution of
-0
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3.2

3e2.1

3.2.2

3.3

'is to be defined jointly by all Member Countries of the E.C.

t
two experimental programmes, A and B, which have to be star-

ted after completion of the preliminary tests.

Execution of preliminary tests to determin
the mechanical and thermohydraulic characteristics of the

LOBI test facility, to check the measurement instrumentation,
data acquisition and process control system, and to check the
measured results on physical consistency and reproducibility.

Experimental Programme A consists of
60 tests in total aiming at the investigation of the influenc£
of seven important parameters on the blowdown. These 60 tests
are subdivided into two parts, A 1 and A 2, of 30 tests each,

Experimental Programme A1 (tests 1 -
30) is to be defined by the BMFT-Bonn exclusively, and the
test results too,Will be exclusively available to the BMFT-
Bonn. The first test of programme A 1 ("virgin" blowdown test)
has been chosen for a "blind" Standard Problem,

Experimental Programme A 2 (tests 31 -

60) again is to be defined by the BMFT-Bonn taking into account i
suggestions from the Member Countries of the E.C.; the test ?
results will be freely available to all Member Countries of

the E.C. 3 ,

. ¢
Experimental Programme B (test 61 - 90)

and comprises for the time being 30 tests; the test results
will be freely available to all Member Countries of the E.C..
These tests are aiming at the investigation of the influence
of the geometrical shape and the elevation of individual com-
ponents on the blowdown,

Experimental Facilities, Computer Codes

The objectives of the investigation require a test facility the
thermohydraulic behaviour of which during blowdown is as close
as possible a reactor-typical one.

The LOBI test facility is an approximately 1/700 scalk model

g
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of a 4-loop 1300 MWe PWR primary cooling system (PCS). It cone
sists of a 5 MW electrically heated test section (reactor mo=
.del) with two primafy cooling loops, one with three times the
‘capacity (wvater volume and mass flow) of the other, reﬁiesen-
ting the four primary loops of a PWR.cooling aystem. Both 1o0ps$
. are active loops each containing a pump and a steam generator,
and designed for 160 bar and 325° C operation pressure and
.temperature respectively., Tube ruptures of various sizes
(double ended to small leak) will be simulated at three diffe=
rent locations (hot leg, cold leg, loop seal) within the single
—~ or broken loop. Heat is removed from the primary loops by the
active . secondary cqoling circuit (54 bar and 270° C operating
pressure and temperatunerespectively)'by means of two conden—
. sers (representlng the turbines) and a cooler. From the emer- ’
gency core cooling system (ECCS) for the time being only the
intermediate pressure (up to 6o bar) or accumulator system is
represented providing ECC water for both, separate and com-
bined cold and hot leg injection into both loops; the high
pressure injection system (HPIS) is planned to be added in
' the near future. Fig. 1 shows a schematic representation of L
the test facility. '

The scaling Factor of 712 has been applied to | A

- power input: 5 MW to 64 heater rod bundle
- = coolant mass flow: 21 kg/s and'7 kg/s for the intact and
broken loop respectively
- coolant volume: 0,83 m3 within the’ pr1mary loop system,

For the test facility design, the ratio of (1) power to vo-

lume, (2) pressure drop and temperature destribution along the

flow paths and of (3) the components volume to each other has ..
been preserved. - .

The height, and relative heights of components are scaled
1 1} thus preserving gravitational heads. The heat transfer
surfaces (core rod bundle, steam generators) are Eull-lengths,

An instrumentation system has been installed which provides
' for the measurement of all relevant thermohydraulic quantities
under LOCA typical transient .conditions at the boundaries (in-

i

-4
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let and outlet) of each individual loop component (Fig. 2)
and within the reactor model (Fig. 3 and 4).

The signals from about 400 channels are recorded by a spe-
cially tailored data acquisition system using PCM techniques
and analog magnetic tape, Fig. 5.

A process control system allows simulation of

- pump hydraulic behaviour by speed control

- fuel decay and stored heat by power control to the heater
rod bundle during blowdown, Fig. 5.

Test facility design calculations have been and will be per-
formed by the LOBI project staff with the RELAP4-MOD2 and
~MOD5 and with the BERSAFE and STRUDL-II codes, and by the
GRS-Munich (FRG) with the BRUCH-D, DAPSY and ZOCO-VI codes.

Pre-prediction'and results evaluation calculations will be
performed by the LOBI project staff with RELAP4-MOD5, -MOD6

and ~MOD7 codes and by the GRS-Munich (FRG) with the same codes
and with the DRUFAN and TRAC codes.

Special R&D contracts have been concluded by the Commission

of the E.C. covering

- the "LOBI pump characteristics investigation in two-phase
flow conditions"

- the calibration of the LOBI discharge nozzles under two-
phase flow conditions; those convergent-divergent nozzles
with various throat diameters will be inserted into the out=
let branches of the LOBI rupture device for simulating va-
rious rupture sizes; they will be used for break mass flow
measurements.

Progress to Date

During the report period the operation tests of individual
elements and components have been completed, commissioning
tests of the loop system have been executed and the prelimi-
nary or shake down (SD) tests have been started in the frame=-
work of which the first blowdown test (SD-o1) has been per-
formed. The works executed in detail have been:

..5...
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Completion of operation testswith the varieus elements"

)

‘" '_.:l\.;-.

Theoretical work has been concerned with

the development of several small computer programmes for
test data handllng and results evaluation and representa—
tion purposes '

the preparation of an input data set and the performance
of blowdown computer code calculations Ffor the LOBI test '
facility |

the analysis of thermohydraplic and mechanic test facility

?
characteristics ' ¢

"design calculations for modifications and extensions of the -
. test facility

the preparation of test programmes, results evaluation and
documentation procedures

Thetests for the LOBI pump investigations in two~phase flow
conditions have been executed in the laboratories of |
Westinghouse Canada Ltd. (WCL), Hamilton/Canada, in the
framework of an R&D-sub-contract from the Commission of

the E.C.; the tests are nearly completed, the results eva= ' .

luation is under way ‘

For the LOBI discharge nozzles calibration tests to be
performed in the laboratories of WCL-Hamilton/Canada, the
respective experimental and work programme has. been pre~ .
pared and an R&D-contract from the Commission of the E.C.
has been concluded.

Completion of electricallwiring and connecting work.

¢

¥

and components of the mechanical and electrical system of
the test facility. '

i

Performance of c0mmis§ioning tests with the test facilit&

Application of‘ghermal insulation to the test facility:

.Performance of the first blowdown experimeht (sb=-01) in

the framework of combined commissioning and preliminary .
or shake down (SD) tests

Completion of the pfeparation and of various connections

‘for the final installation of the measurement instrumenta=-
tion system : ; : -6

P
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i
- Reduced instrumentation of the test facility for the.com-
missioning and preliminary tests

- Measurement of several test facility characteristics

- Specification of an improved and extended measurement in-
strumentation system

= Mounting and commissioning of several calibration and test
facilities for the various measuring transducers; perfor-
. mance of transducer calibrations

- Development, testing and extension of mini-computer pro-
grammes for measured data acquisition, handling and re-
presentation ;and for process control purposes

- Hardware extension of the LOBI data acquisitioﬁ and pro-
cess control system (DAPCS) for adaptation on supplementa-
ry requirements.,

Results

6.1

The results obtained from the LOBI project activities are re-
ported separately for the five different activity fields of
the project.

Programm and Analysis
- A computer program package developed for generating a LOBI
data base allows the storage of experimental and calculated

results,

The retrieval program developed allows the performance of
basic mathematical operations (e.g. calculations of com=
puted parameters etc.) with the data stored in the data
base, the two~ and three-dimensional representation and
the listing and punching of those data. See e.g. Fig. 6.

- A "pump evaluation program package" has been developed for
the results evaluation of the LOBI pump tests atAWCL.'The
package consists of three parts: the "data processing pro-
cedure" for converting measured data into thermohydraulic
and pump spec&fic quantities, the "interpolation/extrapo-
lation procedure" for determining matrix points, and.the

-7~
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"evaluation procedure" for final determination of the
pump two-phase flow characteristics. o

~ A basis input data set has been prepared / 3_J for .the
, survey calculations for the LOBI facility in the Framewvork -

of the "ad~hoc Specialists WG on LOBI Programme B" activie: .

‘ties. Survey calculations with REALP4/MOD5 have been per=
formed by the LOBI staff for the tests nr. 4, 5 and 6 of
the preliminary test matrix for programme B proposed by
‘french experts, The results / 4/ have been discussed to-
gether with those from survey calculations of experts from
various Member Countries. Physically contradictory calcu- .
. lation results kave been obtained with respect to the core-
tmass flow behaviour in case of a hot leg rupture which re-
-quire still an explanation before being attributed to spe=-
cific test facility features. A further interesting result
‘was that in case of a rupture on the pump suction side
(1oop seél) the core temperatures were considerably higher
. for the case of the broken loop pump blocked than for cone
~tinued operatiqn of ' this pump at constant speed.

- Special RELAP4 code versions for the calculation of small
leak accidents have been developed and presented by both
the french (Framatome) and the german (GRS-K8ln) experts
during the last meeting of the "ad-hoc Specialists Working
Group on LOBI Programme B",

.= A special study was concerned with the initialization pro=
" blem for 'the steam generator in RELAP4/MOD5 /57 and has
shown, that ' ‘

-- the input data for the primary side temperatures are ale
most independent from the secondary side temperature and
from the number of control volumes on the primary side

-- the heat transfer coefficients on the secondary side are
. not constant but depend on the choice of the secondary.
side temperature. N s

« Theoretical considerations have been dealing with special
.characteristics of the test facility and vith the experi-
‘mental programme: | f -

’ . . ' »‘ ‘ _8_
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-- the difference between the temperature measured within the
heater rods wall and the outer surface in steady-state con-
ditions ranges between 10 and 14° C; according to results
from Semiscale heat transfer tests these values may be ex-
ceeded by up to 150 ¥ during the initial blowdown phase.

-- the heat losses of the LOBI primary loop system have been
estimated to‘about 300 kW and 20 kW for the non-insulated
and insulated loop system respectively.

-- due to the emphasis shift in the LOBI project objectives
from large to small rupture size experiments new operationrm
requirements have to be met by the LOBI secondary cooling -
circuit for which the dynamic behaviour of this circuit
is important and has therefore to be determined. For this
purpose a computer program DYNES [-6_7 has been developed
modeling the circuit by 5 volumes, and the axial tempera-
ture profile oé each volume, ‘An experimental programme

'has been elaborated to establish the thermohydraulic cha-
racteristics of the secondary cooling circuit, ['7J7

-= as a further consequence of the increased interest in
small leak tests, the emefgency core cooling system (ECCS)
simulation in the LOBI facility has to be extended by ad=-
ding the high pressure injection system (HPIS); the re-
quired design calculations and components specifications C}
work is at present under way.

-= BRUCH-D and Z0CO~VI code calculations (performed by the
GRS-Munich (FRG) have shown, that the LOBI containment
pressure history during blowdown can be adequately simu-
lated by an appropriate control of vent valves to be in-
stalled at the outlet of the LOBI containment discharge
pipes; a detailed discussion of the results obtained for
double~ended 200 % and for single-ended 10 ¥ breaks has
revealed the need for further code calculations for at
least one intermediate break size (25 % or So %) to back
up the design and control specifications of the required
vent valves. The simulation of the containment pressure
during the LOBI blowdown experiments has been considered

-9 -
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_necessary for all break sizes from 200 % down to 10 ¥,
although the bréak mass flow is critical two-phase flow
during nearly the whole experiment duration; only for
break sizes less than 10 % the containment pressure?simu-’
lation has not been considered necessary because of criti=-

cal break mass flow occurring during the main part of the
refill phase.

-- the results from DAPSY code calculations by the GRS-Munich/
FRG yielding the hydraulic forces occurring within the
LOBI loop system during the initial-:blowdown phase, have

- been used as input data for STRUDL-II code calculations
by the LOBI project staff to perform a three-dimensional
analysis of the dynamic loads on the loop structures. The
results obtained at 47 nodes of the broken loop have shown
that at several locations within this loop considerable
forces (up to Soooo N) and/or displacements have to be exw
pected during the first 125 ms of blowdown from a double=
ended 200 % cold leg break. Based on these results and on
a few acceleration measuﬁements performed at the pump and
the steam generator of the broken loop during the first
blowdown test SD-01, it has been decided to install addi-
tional "shock arrestors" on the pump and steam generator of

both loops. /£ 8.7

N.B. It has to be observed that in the broken loop of the
Semiscale MOD 3 test Ffacility of the USNRC in the INEL
(Idaho National Engineering Laboratory) at Idaho Falls

only 5 small "shbck arrestors" have been mounted being
designed against earth quake vibrations.

-= in the frameWorﬁ of comparison analysis of the two simie
lar projects Semiscale and LOBI, an analysis of the Semi-
scale test S-02-4 has shown, that the results evaluation
efforts have by far not yet reached the desirable extent;
therefore many problems and contradictory experimental ree .
sults are left opeh and unexplained as e.g. the measured
flow behaviour within the intact loop hot lég: drag disk
and turbine flow meter show opposite flow direction du-

ring the 11. = 16 s time interval.: Further analysis and
- 10 =
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and interpretation results are reported in /9 _7.

A comparison analysis of the Semiscale MOD 3 facility de-
sign with that of the Semiscale MOD 1 and the LOBI facili=-
ty has been performed and is reported in 1”10_7.

the revision of the test matrix of the experimental pro-
gramme A, and its subdivision into part A 1 and A 2, has
been dealt with in several meetings of the "Working Group
LOBI-GRS"; several new and additional parameters and the
emphasis shift towards small break tests have given rise
to detailed discussions of basic simulation problems and
test facility features in the light of previous and new
project objectives. A new test matrix of 73 tests has
been proposed as a basis for final discussions and consi-
derations; due to the large number of test parameters, and
in view of achieving a reasonable transparency of the ex-

_perimental programme, it has revealed necessary to define

a reference test as basis -for the parameter variation and
to arrange several test groups.

an experimental programme for the commissioning and the
preliminary tests had been prepared including the-dynamic !
calibration of the heater rod thermocouples, the measure-
ment of the primary loops heat losses, the determination
of the primary loobs natural convection characteristics
and of the Secondary circuit characteristics, the measure-
ment of the pressure drop distribution within the primary
loops and of the pumps coast-down behaviour, the mass flow
calibration of the steam generators, and several blowdown
tests representing shake down tests for determining the
test facility mechanical and thermohydraulic behaviour,
for the measurement instrumentation system, for the data
acquisition and process control system and for the tests
evaluation and documentation procedures.

This programme had finally been modified by postponing
some of these tasks and combining commissioning and pre-
liminary tests' in view of the first LOBI Standard Problem
more 1nterest had to be paid to check the reproduc1b111ty


collsvs
Text Box

collsvs
Text Box

collsvs
Text Box


, . “ ANA = ,
101,78 = 31.12.78 I RS 109 | o

and physical cohsistency of measured results.

-'according to a proposal from the/USNRC, the first official
"LOBI test of programme A 1, which may be considered.. the ‘
"virgin" LOBI blowdown test with respect to blowdown code
‘pre-prediction calculations for LOBI experiments, has been
chosen for a blind Standard Problem exercise open to one
USNRC contractor, BMFT contractors and the Member Coun—
tries of European Community.

-- proposals have been prepared for (1) the documentation

" procedures of the LOBI tests by "Quick Look Reports" (QLR)
and "Experimental Data Reports" (EDR) and for (2) the evaw.
luation procedures for (a) validating the individual tests
and (b) the respective results representation in the be-
fore mentioned reports.

-= according to a proposél put forward by the USNRC the op-
portunity should be considered to extend the objective of
the LOBI project from blowdown tests to integral LOCA
tests covering the blowdown=refill-reflood period, which
would first of all require to add also the low pressure
injection system LPIS) to the LOBI ECCS simulation.

- For the experimental investigation of the LOBI pump un-
der two-phase flow conditions the geometrical configuration '
and the measurement instrumentation system of the test faw

' cility in the laboratory of WCL-Hamilton/Canada have been

- adapted to the special requirements from the tests objec=.
tive. : :

The experimental programme has been subdivided into two
parts of 20 % and 80 % of the total number of tests. The
test matrix of the second part has been defined on the
basis of the immediately evaluated results from the tests
of the first part which yielded the influence of the vo-
lumetric vapour quality o, on the pump pressure head and
‘torque, and the preliminary complete pump characteristics
at 70 bar pressure and 40 % volumetric vapour quality.

The tests of the second part of the programme have been

completed, too; they yielded the data required to establish
f -12.

]
o
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four further complete pump characteristics at 20, 70 and
75 bar pressure, and 95, 80 and 20 % volumetric vapour
quality, respectively. A preliminary evaluation by means
of the "pump evaluation program package" has shown the
physical consistency of the measured results; the final
evaluation is under way. An example is given in Fig. 7.

Pump tests under transient conditions have been cancelled
since theoretical considerations have shown that the tran-
sient pump behaviour may be satisfactorily described by
the aid of the steady state pump characteristics.

Four different rupture sizes have finally been agreed
upon for being considered in the LOBI experimental pro-
grammes A and B; they will be simulated by specially de-
signed convergent-divergent discharge nozzles of four dif-
ferent throat diameters.

. These nozzles being intended at the same time to be used

for break mass flow measurements have to be calibrated
under two-phase flow conditions.

A special computer program for calculating the critical
nozzle flow has been extended to cover subcritical flow
conditions and to include possible shocks within the di-

vergent nozzle part.
¢
A computer program for results evaluation from the LOBI

discharge nozzle calibration calculates the flow through
the nozzle for critical and subcritical flow conditinns
from the measured data, assuming homogeneous equilibrium
two-phase flow.

A special study contract to perform these LOBI discharge
nozzle tests has been concluded with WCL-Hamilton/Canada.

6.2 Mechanical Components & Systems.

After completion of the operation tests of valves and
pumps of the secondary and tertiary system, the whole
test facility has successfully passed the pressure tests
in ambient temperature conditions.

-13 -
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- ‘The hot commissioning tests started sibsequently have been
performed including the various components in a stepwise
procedure. | .
During the interrupt period caused by a failure and\the
required repair within the secondary cooling circuit, the

reactor model has been dismounted for a first inspection

- Application of thermal insulation to the whole test fa-
cility

- After restart of the loop operation, the remaining com-
missioning tests have been combined with the preliminary
or shake down tests to recover part of the time lost due
to strong time delay in thermal insulation work.

- The first LOBI blowdown test SD-o1 (gshake down test no.
01) has been successfully performed on December 13, 1978
in the framework of the.preliminary tests programme.

The initial data have been: Pp = 50 bar, TRzu 260° C Fluid

pressure and temperature at the reactor model outlet

Po =.1,9 MW heating‘power input leading at a core tempera=
ture increase of T = 14 © ¢ at the nominal core mass
flow of h = 28 kg/s.

No failure or disturbance within the mechanical and elec¢- .

trical system of the test facility has occurred!

6.3 Electrical Components & Systems ‘ L

- Completion of all .electrical wiring and connection work
within loop regulation and control system and within the
electrical power supply system

- Installation and testing of an electrical loop safeguard
system to automatically protect the various components in
case of Failures.

’

-~ Commissioning of the loop reguiation and control system
" and of the 5,5 MW rectifier system together with the me-
chanical loop components and systems. o
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6.4 Measurement Techniques and Signal Analysis

- Completion of installation and connecting works of the
various differential pressure transmission lines, of the
various transducer cooling lines and of all signal trans-

mission lines,
{
- Testing and calibration of wall and fluid temperature

transducers, testing of differential pressure transducers
and turbine flow meters,

- The measuring range of the dragbody probes has been fi-
nally determined on the basis of blowdown computer code
calculations.

= Interferences in some amplifier units of the temperature
measuring chains could be attributed to an erroneous ground
wiring and could be removed.

- Special filters have been installed to eliminate dis-
turbances in the heater rod temperature signals caused
by the So Hz carrier frequency of the heater rod bundle
isolation control.

- Special measurements with the LOBI xtdensitometers on a
" Plexiglass mock-up simulating typical two-~phase flow pat-
terns have shown that using a calibrated densitometer, the
error in determining the density with relatively simple
evaluation procedures remains within acceptable limits.

- Test measurements with the first x‘-densitometer delivered
have revealed serious errors. In close cooperation with the
manufacturer the design specifications for the remaining
6 ‘F-densitometers to be ordered have been modified. Re-
peated test measurements with the modified devices have
shown quite satisfactory results with respect to longterm
drift and random drift; the cooling water temperature has
to be measured to account for the influence of temperature
fluctuations.

- Comprehensive checks and discussions have resulted in the
final decision to use the radio-tracer method for phase

' -15"-
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velocity and mass flow measurements in the LOBI experi=-
ments; the activation and transport of tracers are en-
sured; a price offer from the KfK~Karlsruhe is stil] pen=

ding and has therefore prevented from placing already the
respective order.

= Several high precision calibration facilities with com-
puter controlled operation and data output for calibrating
temperature, absolute and differential pressure transdu=
cers have become available, ‘

~ An air-water loop for test and calibration measurements
under two-phase flow conditions has been constructed. .

= Pressure drop distribution measurements and steam generaw
tor calibration for steady-state single=phase mass flow
measurement have been performed in the framework of pree=
liminary tests with the LOBI facility. |

The results reported in / 11 7 show

-= the measured pressure drops are smaller than the calcula-
ted ones )

-- there is a Re-number dependence due to very smooth tubes

which requires '

-~ the necessity to repeat those measurements at different
temperatures., : ‘

~ A special automatic DNB control device has become avai=-
lable allowing the on-line display of up to 8o heater rod
temperatures.

« The commissioning of the measurement instrumentation in-
stalled in a reduced extent for the first blowdown test
SD-01 has shown ° !

-= unobjectionable signal transmission, no impairing inter-
 ferences between control and switching signals (heating
power, pump speed) and measurement signals
- the failure of some heat rod thermocouples, resistance ‘
thermometers, turbine flow meters (bearings blocked) and
of one dragbody (strain gage failure) ‘

The results analysis is still under way.
a16-
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6.5

7.

Data Acquisitiobn and Process Control System

The mini-computer program package for both the data acqui-
sition, handling, evaluation and display system and the
process control system has been further extended to meet
special requirements from the experiments allowing

the graphical display of all measuring channels and of

the respective calibration curves, and the taking of hard-
copies

the compensation of offset and amplifier drift in conver-
ting raw data into those in engineering units

the graphical display of selected measuring channels for f}

a direct and continuous test control

multiple control by status signals of preparation and
start of the blowdown test against unintentional release
the start and record of calibrating the amplifier chains
the optimization of the selection velocity for the eva-
luation of PCM data

the statistical evaluation, of densitometer signals and
calculation of "computed parameters"

the formating of measured data on digital tapes and the
documentation of the data acquisition

A program for interactive data evaluation allows the one-

to three-dimensional graphical data representation, the C)

overlay of several curves, digital filtering, the genera-
tion of histograms

Hardware has been extended to improve the heating power
control and the pump speed control as well as the process
control ‘

Installation of a real time clock and a second magnetic
tape unit

Commissioning of the data acquisition and process control
system during the first blowdown test S-o01.

Next Steps

‘ +
Specification and performance of the first LOBI Standard.

Problem -17-
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- Final definition of test matrix for programme A

- Performance of pre-test and some postatest prediction cale
-culations \ . :

- Completion and evaluation of LOBI shake down tests
- Start and performance of experimental programme A 1
- A 1 tests validation and doécumentation

-~ Installation of "shock arrestors", containment pressure
~control system and HPIS

-~ Improvement of measurement instrumentation system

- Evaluation of LOBI pump test results’ N

- Performance of LOBI discharge nozzle calibration tests
and evaluation of results. -

8. Relations with Other Projects
' RS 0016 B : Vessel blowdown

RS 0036 B : Refilling experiments .
RS S0 A : Containment blowdown
RS 64 : Heat flux investigations in multi-rod bundles
RS 81 : Mixing between adjacent flow channels
RS /93 A : Water-vapor flow from tube leaks
RS 111 ¢ Pump behaviour in two-phase flow conditions
RS 6123A/B: HDR~blowdown experiments

RS 163 ¢ Thermohydraulic core behaviour in.the early’
blowdown phase ’

RS 177 « : Fuel rod behaviour under blowdown conditions
RS 179 : Phase separation -

RS 182 : Participation in the LOFZ-~Project of USNRC
RS 184 : Reflooding hydrodynamics . -

RS 195 : Water-vapor-air flov through containment vent
apertures

Two-Phaselflow Measurement Techniqués

RS 135 - : Signal correlation techniques
RS 145 ¢ Joint two-phase flow test loop
RS 146 : Radiotracer techniques

RS 147 $ Dragbody

-18 -
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RS 188
RS 225
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- RS 109

¢ NMR techniques
: Density measurement by ultrasonic probes

Reference Documents
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W. Riebold:
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L., Piplies, W. Kolar:

Survey Calculations for the Ispra Blowdown
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Tethnical Note Nr. I1.06.01.78.02, January 1978

W. Kolar, L. Piplies:

Survey Calculations Nr. 4, 5 and 6 for the Ispra
Blowdown Faility

Technical Note Nr. I.06.01.78.20, May 1978

Hung Nguyen:

RELAP4/MODS5 -~ Influence of the Choice of Secondary
Side Temperature and the Number of Control Volumes
in Primary Side on the Initialization Problem

for the Steam Generator

Technical Note Nr, I.o05.01,78.47, Oct. 1978

M. L. Larsen, Hung Nguyen:

DYNES - A Computer Program to Model the Secondary
Circuit of the LOBI Facility

Technical Note (in preparation)

M. L. Larsen:

The LOBI Secondary Loop..A Proposal for a Test
Matrix '

Technical Note (in print)

M. Biggio, H, Geist, J. Airola:

STRUDL=II code calculations to determine dyna-
mic loads on the LOBI loop structure

Technical Note (in preparation)

M. L. Larsen, J. Berke-Jgrgensen:

Analysis and Interpretation of Semiscale MOD1
Experiment S-02-4

Technical Note Nr. I.05.12.78.44, Sept. 1978

Hung Nguyen:

System Design Description of Semiscale MOD3 System
and Comparison with Semiscale MOD1 and LOBI Loop.
Technical Note (in print)

E. Ohlmer, W. Schulze:
Druckverlustmessungen an der LOBI-Anlage
Technical Note (in print)
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- Conference Papers and Externmal (EUR) Reports:.from Au?thqrs
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Betichtsieitraum/Period Kiagsifikation/Classitication Kenniaiehen/Project Number
. 8"" 31. 12. 78 1-1-2 RS 111
Vorhaben/Project Title Land/Country
Untersuchungen itber das Verhalten von Haupt=~ FRG
kihlmittelpumpen bei Kilhlmittelverluststdr- Fordernde Institution/Sponsor
fdllen (Phase A) BMFT
Auftragnohmaor/Contraclor

KRAFTWERK UNION AG

Investigation of the Behaviour of Main Reaktortechnik

Coolant Pumps under MCA Conditions (Phase A)

R 513, Erlangen

Arbeitsbeginn/Initiated Arbeitsende/Completed Leiter des Vorhabens/Project Leader
1. 74 - 31. 12. 80 W. Kastner

Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewllligte Mittel/Funds
Continuing 31. 12. 78

General Aim

During blowdown the flowrate through the core and therefore
the temperatures of the fuel rods decisive depends on the

behaviour of the main coolant pumps. This behaviour of the

pumps under two-phase flow conditions has to be studied, in
order to obtain a better experimental and theoretical

knowledge and to develop a physical model that can be used
in safety analysisﬁ

Particular Objectives

Using the experimental results of the pump tests under
simulated MCA conditions, a physical model of the pump
behaviour will be developed in order to replace the )
until now applied assumptions in blowdown calculations.

Regearch Program and 4. Experimental Facilities

Two model pumps will be built to scales of 1 : 4 and 1 ¢t 5
of the main coolant pumps of GKN. The single phase %
characteristic of these pumps will be measured by the
manufacturer. ' |

A test loop at C-E will be modified in order to measure
two-phase pump characteristics for parameter variations
of interest: pressure, flowrate and void. The test matrix
for these two model pumps contains about 325steady~state
points in the two~phase region. Alsc 9 transient tests
will be carried out, to investigate whether steady-state
results are applicable to transient LOCA calculations.

- -2
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Progress to Date/Results : ‘

—————

After the completion of the experiments, which were “
conducted in the frame of Phase II of the EPRI program, :
a supplementary calibration of the built-in instrumentation
was undertaken. Subsequent to the examination of all g
measured ‘data, the final evaluation and analysis of the

results have started. It can already be established with .
high reliability that the quality of the measured data v
is very good. The final report is under preparation. A

B T Xy n

The motor drive system of AEG was shipped to ASTRY in Graz/
Austria. Together with the gearbox and the mechanical

brake the motor was tested. The whole drive system has

then been shipped to C-E in Windsor/USA.

The model pumps of ASTRU were manufactured. All components

of the instrumentation were prepared. Cold water tests ﬁ
to get characteristic curves in three quadrants for the '
both model pumps were performed under single-phase conditions.
The pumps were assembled to perform function tests. Due

to the delay of delivering the model pumps, the hot

water tests were shiffed and will be performed at C-E %;
during the shakedown tests. ' O
Planning, design and analysis work in anticipation of
equipment installations was done at C-E. Also C-E has
started procurement of the required instruments and

other test loop equipment. C-E personnel witnessed operation
of the test pump auxiliaries at Westinghouse Canada Limited
in Hamilton/Ontario, where the LOBI-pump of EURATOM/Ispra
using the same auxiliaries has been tested. C-E personnel
also witnessed test pump motor tests at ASTRY and
participated in training on the test pump motor and
controller at AEG in Berlin.

Based on the experience of C-E with the C-E/EPRI pump
performance pr?gram a test matrix was proposed by KWU

and discussed with ASTRS and C~E. These and additional
discussions with EURATOM/Ispra, Westinghouse Canada Limited
and CREARE required some improvements. -3
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Next Steps

For the motor drive system AEG has to provide some spare

parts. ASTRU will perform a function test for both

.

model pumps. The model pumps will be delivered in
February 1979. The experiments with the LOBI-pump of

. EURATOM are finished at the end of January 1979. After

disassembling the test equipment the auxiliaries will be

shipped from Wéstinghouse Canada to C~E. Installation )
of all the components will start in February 1979. The
pump tests will start in the middle of 1979. At XKWU a

reworking of the test matrix will be performed.

Relation with Other Projects

Refererices

10.

Degree of Availability .
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Boerichtszeitraum/Por lasgifikatian/Clasaifiaatia K '
i i BT b ) " REeIf g/ Proiect Numher
Vorhaben/Project Title Land/Country
Stationdire DNB~Messungen in Frigen mit kom- FRG
plexer Abstandshaltergeometrie Férdernde Institution/Sponsor
BMFT

Auftragnehmer/Contractor
GKSS - Geesthacht
Steady state DNB Measurements in Freon with
complex Spacer Geometry

Institut flir Anlaaentechnik

Arbeitsbegi itiated Arpeitsende/Completed Leiter des Vorhabens/Project Leader
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewillligte Mittel/Funds
Continuing December 1978

1. General aim

In addition to the research program RS 164 this program will
be the basis for an experimental study of the model laws
between water and freon as regards DNB-measurements.

2. Particular objectives

The program is divided in the following four parts:

I. cold flow pressure drop measurements,

IT. mixing experiments with power, measurements of
subchannel exit temperature,

III. critical heat flux measurements.

Iv. power and/or massflow-transients (as addition similar
to research program RS 64 Part II).

In addition and supplement to the research program RS 164
these experiments could be used for recalculating the results
from research program RS 64 Part I and II PWR to water con-
ditions.

3. Research program
In order to check the conditions of the test section and the

accuracy of methods for pressure drop prediction cold flow
pressure-drop measurements will be carried out.

To get information about mixing effectiveness subchannel exit
temperature measurements will be made at different levels of
bundle power and inlet enthalphy.

Critical heat flux tests will be carried out over a large
range of inlet conditions e.g. massflow rate, inlet tempera-

rd

2 -
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ture, system pressure, mostly valid for PWRs. For some
aspects CHF-points at a pressure of 70 bar will be investi-
gated.

To get information about the DNB~time delay at tranéient con-
titions a new part - similar to Part II of research program
RS 64 - was added. These tests enclose power and/or massflow-
transients over a. large range of inlet and starting condi-
tions.

The influence of different grid configuration will be in- M
quired with two test sections of different spacer type (test

o,

section 1 - with mixing vanes, test section 2 - without mixing

vanes).

4, Experimental facilities
See RS 176 annual report A 76 and /1/.

5. Progress to Date
The modification of the electrical power supply was finished.
After installation of test section 1 (spacers with mixing
vanes) and calibration tests the cold flow pressure drop
measurements and most of the steady state DNB-measurements
(part I and III of the program) had been carried out. The mix-
ing tests will follow after installation of a heating and i,
isolation system of the shroud. The massflow-transients with
constant power have just started.
Parallel to the tests a computer code had been developed to
compare steady state DNB-data in water (research program RS
164) and freon (research program RS'176). At this moment the
code works with the Stevens-method. '

6. Results
The above mentioned tests look sufficiently. .

The code is proved with few water/freon data of the litera-

ture. .
(Publications during report period see 9.)
{
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7. Next steps
The test program will be finished with test section 1.
After installation of test section 2 and the necessary cali-
bration tests the test program (part I to IV) will be re-
peated. Water and freon measurements will be compared by the
method of Stevens and the similarity factors will be calculat-
ed.
8. Relation with other Projects
See RS 176 annual report A 76.
9. References
/1/ H. Fulfs, H.-O. Boie, K. Hofmann, A. Katsaounis,
M. Kreubig, R. Orlowski, J. Ottersbach, C.-H. Peters,
H. Rosomm, K. Stellwag:
Technischer Fachbericht Notkiihlprogramm - Forschungs-
vorhaben RS 176, Beschreibung des Frigen-Versuchsstandes
und des DWR-25-Stabbiindels,
GKSS 78/1/11
/2/ A. Katsaounis, R. Qrlowski, L. Ladeira, H. Fulfs,
K. Hofmann:
Burnout experiments in fréon 12 using different types
of orifices to simulate the core grids.
(Vortrag zy European Two Phase Flow Group Meeting,
Stockholm 1978),
GKSS 78/E/17
10. Degree of Availability of the Reports

All reports are avallable with the allowance of GRS, depart-~
ment Forschungsbetreuung, and GKSS.
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flenicmszeitraum/Pearniod

1.1.78 - 31.12.78

Klassifikation/Classification

1.1.2

Kennzeichen/Project Number
RS 64

Vorhaben/Project Title

Untersuchung der stationaren und instationdren
kritischen Heizfldchenbelastung an Vielstab~-
bilndeln von Druck- und Siedewasserreaktoren
mit Frigen als Modellfliissigkeit.

Investigation of the Steady State and Tran-
sient Critical Heat Flux of Multi-Rod Bundles
for PWR and BWR with Freon as Model Fluid.

Land/Country
FRG

Fdrdernde Institution/Sponsor
BMFT

Auftragnehmer/Contractor

GKSS - Ceesthacht

Institut fir Anlacentechnik

Arbeitsbeginn/Initiated Arbeitsende/Completed Leiter des Vorhabens/Project Leader
1.11.72 (30.6.78) Fulfs
Stand dor Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittel/Funds
Completed December 1978 .
1. General aim
The aim of this research program is to conduct burnout experi-
ments at steady state conditions and at massflow, and/or poGer
transients for PWR and BWR using freon as model fluid. ‘
2. Particular objectives
The experimental program is divided into the following two
parts, each part will be carried out for PWR and BWR:
Part I - Burnout experiments at steady state conditions to
obtain reference values for transient experiments,
Part II - Burnout experiments (Burnout-time-delay) at mass-
flow and power transients.
3. Research program ‘
See RS 64 annual report A 77
4. Experimenﬁal Facilities, Computer Codes’
See RS 64 annual report A 76, A 75
! \
5. Progress to Date ,
After the failure in the power supply system (see RS 64'- A 77)
the research program RS 64 was stopped at the beginning of 1978
in favour of research program RS 176. , ’
6. Results

The results of the mixing experiments at the Pwn~test section
are reported /1/.
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Next steps

The research program RS 64 is closed. _ ;

.4

/1/ H. Fulfs. K. Hofmann. A. Katsaounis, M. Kreubig,

Technischer Fachbericht Notk@thlprogramm - Forschungs-
vorhaben RS 64 - Durchmischungsversuthe am DWR-=49-Stab-

8. Relation to other proijects
RS 176 and RS 164.
9. References
C. von Minden, R. Orlowski:
blindel (Phase I)
GKSS . 78/1/6
10. Degree of availability l

All reports are available with the allowance of GRS depart-
ment "Forschungsbetreuung .
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Beriahtazeitraum/Period K(fwilknﬁon/mmmmlan : Kannzeighen/Projast Number
1.01. - 31.12.1978 Ldado RS 163

Vorhaben/Project Title Land/Country

Theoretische und experimentelle Untersuchungen zum FRG

thermohydraulischen Verhalten des Reaktors Cores in der | Fordernde institution/Sponsor

ersten Blowdown-Phase BMFT

Auftragnehmer/Contractor
Institut fiir Verfahrenstech.

Theoretical and Experimental Investigations on Thermo- der Universitat Hannover
and Fluiddynamic Behaviour of the Reactor Core in the
First blowdown Period ' Callinstr. 36

. 3000 Hannover
Arbeitsbeginn/initiated Arbeitsende/Completed Leiter des Vorhabens/Project Leader
March 1975 February 1979 Prof. Dr.-Ing, F, Mayinger .
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittel/Funds
Continuing December 1978

General aim

The general aim of these investigations is to predict the thermo- and hydro-
dynamic behaviour of the two-phase flow in the reactor core in the first
blowdown period during a LOCA.

The main objectives are the experimental investigations of the influence
of loop components on the thermohydraulic conditions and the cooling perfo-
mancein the reactor-core during LOCA-conditions.

Furthermore the influence of mixing-processes between adjacent-subchannéls
and the signif cance of entrainment behaviour with regard to the dryout

The experiments are performed with the modelfluid R 12 instead of water.
In the following tabular the main objects of the research program are

Experimental studies of the entrainment mass flow rate in the annular flow
regime during LOCA-conditions and the relation to dryout-delay time and

Evaluation of a theoretical model to describe the transient entrainment mass

2. Particular objectives
delay time has to be investigated.
3. Research program
listed in detail :
3.1 ... Entraiment-investigations
post dryout heat transfer.
flow.
3.2 Mixing-investigation

Experimental and thgoretica1 studies of the mixing behaviaun between adja-
cent subchannels in the rod bundlie of a nuclear reactor core.
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Experimental studies concerning the influence of loop components, for

example pump and volume of the steam generator on the thermohydraulic
behaviour of the coolant flow in the reactor core.

Experimental facilities, computer codes

to 3i1

to 3.2

to 3.3

In 1978 a theoretical model was developed and a systematically analytical
interpretation of the entrainment-tests at an inside cooled tube for
steady state and transients conditions was done. The agreement between

theoretical prediction and experimental results shows good agreement.

The maximum deviation is in the range off 20 2. {M\
The measurements of the liquid fraction entrained in a 4-rod bundle -
at transient blowdown condition was performed. For these investigations
the applicablitity of STORZ-lenses was tested.

A computer code was developed to calculate the entrainment mass flow rate
in annular flow for transient and steady state conditions.

For the mixing messuremtents in heated fluid a two channel test-section
consisting of two adjacent central-subchannel was used. The profile of
the mixing test-section in shown in fig. 1. The walls are heated in-
directly by 6 heater rods. Fig. 1 shows that the profile is spaced by

1 mm diameter stainless steal ﬁins. By this assembly it was possible

to simulate the boiling phenomena occuring in the gap-reon. nuclear
reactor.

In order to reca]cula;e the experimentel results the MIT-COBRA-IIIC

code was enlarged by a new mixina modell.

The blowdown experiments were performed with a test rig (Fig. 5 ) con-
taining a direct electrically heated four rod bundle with PWR-geometry,
an intact loop representing three intact loop an standard-PWR and the
break configuration representing the broken loop.

Progress to date

to 3.1

to 3.2

The comperison of the inside-cobled tube tests results with the theoretical
preditiom shows satisfactory agreement. The optical measurements of the
phase distribution in a 4-rod bundle show good quantitative results es-
pecially for the post-dryout phase, when a spray f]ow’/occurs in‘the sub-
channel.

The mixing investigations led to better physical understanding of the two
...3...
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to 3.3

4

- phase mechanism. By the evaluated new mixing model a better assesment of

the results was achieved than by mgdels taken from the literature.

The experimental work concernd with the influence of loop components on
the tehrmohydraulic bahaviour of the coolant in the reactor core has
been finished during this report period.

The results obtained from the R 12-tests show good quantitive agreement
with Semiscale tests.

Results

to 3.1

Fig. 2 and fig. 3 show two typical examples for the low pattern in a
4-rod bundle occuring under transient blowdown conditions. Fig. 2 shows
an annular flow - just before dryodt - with a very thin liquid film
flowing on the rod surface and only very little entrainment in in the
center of the channél.

Fig. 3 ischaracteristic for the post-dryout period of the LOCA :

a spray flow with filaments of liquid on the dry tube wall and some
droplets carried away by the vapour phase. These pictures give a first
qualitative idea about mechanism occuring under blowdown conditions. The
rods are diretcly electrically heated.

The theoretical model evaluated to recalculate the transient entrainment
data taken at the inside cooled tube, bases on the conservation law for mass
subdivided in these for the 1ligiud fiim and the droplet loaden gas core -,
the energy balance for the total flow rate and the momentum balanve valid
for the droplet loaden gas ¢ore limitted by the liquid film surface.

In addition to this system of differential equations two constitutive
equations are needed describing the interfacial, shwar stress and the
total pressure drop of the two-phase flow occuring to Levy'3 theoretical
model /2/.

This system of equations can be used to calculate the entrainment mass
fldw rate in a transient annular flow, if the time depending gradients

of ‘total mass flux, system pressure and vapour velocity are known from
measurements or from a blowdown code 1ike RELAP.

A comparison between caculated and measurd entrainment mass flow rates
is shown in fig. 4. The maximum deviation between test-results and
theoretical prediction is in the range of about 20 %.

N
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to 3.2

to 3.3

The freon 12 test loop shown in fig. 5 was built for steady and transient
mixing investigations. The loop consists essentially of the test-section
with adjacent central channels and six separately heated rods, the lower
and upper plenum in scale of a standard PWR, cold and hot leg break bur-
sting discs and a new two-fihase mass flow measuring technique, which was
developed during the last report period.
The instruments - similar to these use in the LOFT-Tests - used for the
mass flow measuring techrmigue and their arrangement are shown in figures
6 to 8.
The undisturbed subchannel-flow enters coaxial impedance void meter.
Only by the exact knowledge of the phase distribution, it is possible to Cj
analyse the two-phase momentum on the drag screen.
For the determintaion of the aberage velocity the two phase flow was
homogenized by a mesh arrangement, which was placed in front of the
turbine flow meter.
The preliminary experimental mixing investigations with air water two
phase flows have shown that produced by velocity differences between the
adjacent subchannels a plane shear flow exists at the smallest cross-
section between the rod. By this shear flow periodical vortices are
generated, which have an important influence on mass and energy exchange.
With help of theoretiveal equations for viscous fluids the extension of the
vortices and the velocity profile between the rods could be caculated. A
mixing model for mass - and energy exchange based on viscous vortices shown ,
in equation 6 was derivated and implied to the COBRA-III-C code. See fig. 9.
Fig. 10 shows the calculated velocity distribution of the pland shear flow
between two spces. The shear flow has been calcualted takin into account
only the influence the channels does not only depend on the transverse
velocity but also on the different densities in the channels. Recalculation
of experimental resufts by aid of the new model showed better. agreement than
by the models existing in the literature.
The Blowdown-Testprogram was diveded in investigations of hot leg and
cold breaks. Following races of test parameters were used :

Hot leg break : - heat flux density : 1/4M:St.m=0,3...0,7

- break area : Aqe 0,7 F...2,0 F
- simulated loop behaviour : ‘
steam generator # §+ 0, § ., ®
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cold leg break : - heat flux density : ‘f/q',,;“ = 0,3 ... 0,7
‘ - break area AQ :0,7F ... 1,4F

70

- simulated loop behav ¢ Jr:
5 P * 0 ' §p ’ gcoae
g?. ﬂ5‘§;m5 ' g} "

In Fig. 12, 13 the measured dryout delay times for the leg breaks and
different loop resistances are plotted versus the heat flux ratio stat.

pump resistance

- One can see that the Toop resistance has Tittle effect on the dryout delay

time for a heat-flux density'1455> 0.5. With decreasing heat flux density
"/q'“ < 0,5.there is a strongdependence from break area and loop resi-
stance. This effect is supported by the flashing in the "Cold part" of the
intact loop. With a large resistance of the simulated steam generator
fluid from the lower plenum and cold leg enters the core which results
in a better cooling of the fuel rods. At higher heat flux densities the
Dryout occurs before flashing is started. But there is a remarkable in-
creasing of the part dryout heat transfer, when there is strong, because
of the high mass f]ux' acceleration of the vapour-1liquid mixture in the
rod bundle at high loop resistance.
From Fig. 14, 15 one can see that there is a strong dependence of the dry-
out delay time from loop resistance for treaks simulated in the cold leg.
That is why a rapid flashing in the upper plenum and hot leg starts at
the beginning of the blowdown. For high Toop resistance most of the
discharge two phase mixtuee will be transfered from the upper plenum
into the rod bundle while at lTow loop resistance the dischargement
through the intact loop to the break area becomes greater.
The smallest Dryout dealy time occurs in the middle of the rod bundie.
This has two reasons :

1. The two-phase mixture which enters the upper core ’

will be evaporated by reaching the lower part of the core.

2. The steaq quality in the middle part of the core will be
higher than in the lower rod bundle at beginning of the blowdown.

Next steps

to 3.1

The entrainment and phase distribution measurements in the four-rod bundle

will be finished in the next two month.
b -
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to 3.2 Detailed mixing-test will be carried out with boiling mixtures at the
two-channel test-section. The test-results obtained from these experiments
will be recalculated with the new develtoped mixing-model.
The experimental work for the investigation of the loop-components
influence was brought to an end. In 1979 a recalculation with one of
the wellknwon computer-codes - for example Frelap - is planned to be done.

8. Relattons with other projects
RS 37, 37-1, 37-2
Investigations fo the events within the reactor core under LOCA and
emergency ¢ooling conditions at KWU GroBwelzheim )
RS 48 -
Theoretical and experimental investigations in model laws for instationary
heat transfer conditions in water cooled reactors under emergency cooling
conditions,
RS 64
Investigations of steady and transient critical heat flux of multirad bundies
for PWR's and BWR's with Freon.

9, Literature

/1/ BMFT-RS 163 - 03
Jahresbericht 1977 zum Forsd¢hungsvorhaben RS 163

Universitdt Hannover - Institut fir Verfahrenstechnik

/2/ Levy, S.
Prediction of Two-Phase Flow with Liquid Entrainment
Int. Journal of Heat & Mass Transfer 9 (1966) 171 ’

10. Degree of acailbility ;
The annular reports, BMFT-FB and the IRS-Forschungsberichte are available
by GRS, the other ones are free. ‘ .
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Fig. 2 Annular flow in a rod bundle just before dryout
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Fig. 3 : Spray flow in the post-~dryout region
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Fig. 8 : Mass flow measuring technique for steady
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“Beroninseraumy/Pariad Kingsfikatian/Classifiagt TehaR/Prolst NUMBEr
f'.J st W {% 1978 ‘o Zan assiflaation Kﬁ?“iegef I}{e]ect Numbér
Vorhaben/Project Title Land/Country
i FRG
Entwicklung von Mefverfahren zur Bestimmung Fordernde Institution/Sponsor
transienter Massenstrbme (Wasser/Dampf) durch | BMFT
Signalkorrelation Auftragnehmer/Contractor
Development of methods for measuring transient| Lcchnische Universitat
two-phase flows (steam/water) by signal Berlin, Institut fir
correlation Kerntechnik
ey s MY TR B BT g e o
Stand der Arbeiten/Status Berichtsdatum/Last Updatihg *Bewmlgle Mittel/Funds
Completed Dec. 31, 1978
1. General Aim

The purpose of this project is the measurement of the cross section
average mass flow of a steam-water mixture flowing in a pipe as a
function of time during blow-down experiments. The investigations
are part of experiments in the field of loss-of-coolant accidents
in nuclear reactor power plants. ' '

2. Particular Objectives

To detect the cross section average mass flow of a steam-water
mixture it is necessary to measure either the avéerage density of
the fluid or its average velocity in the pipe.

The measurement of the cross section average fluid density is based
on the attenuation of gamma or x-ray beams. '

The determination of the fluid velocity is based on measuring the
transit time of variations in fluid temperature between two points
along the direction of flow. The transient time is determined by
using cross correlation techniques, while the temperature fluctua-
tions are detected by thermocouples.

3. ‘Research Program
The investigation program consists of measurements on the KFK

Test Loop (RS-145), which enables investigation of the correlation
procedure over a large range of two-phase flow regiones to determine
the range of applicability, and also measurements on the IKT Blow~
Down facility . where the density measurement procedure from RS5~135

may be employed.
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4. Computer Codes :
Program VELTRA evaluates the temperature signals by Time Series

Analysis. The cross -correlation is calculated, itspeak is
located and finally the velocity characteristics are graphically
displayed.

Program DENTRA determines the variation of fluid density with
time.

Finally MATRA calculates the total flow mass by integration of
results obtained from VELTRA and DENTRA.

The IKT rig was described in point 5.4 in the fourth quarterly ~
report of 1976. ‘
5. Progress te Date t .

In the period of time with which this report is concerned,
extensive measurements were made on the Blow-Down Facility at the
IKT (Institute for Nuclear Engineering, Berlin) and at KFK-Karls-
rulle. The aim of these measurements was to test the previously

developed measurement and analysis procedures. Most measurements
at the IKT were made close to the system% limiting pressure of
50 bar. The time series analysis (the VELTRA program) was modified
in its mathematical conception which led to some improvement in
the analysis results. '

N
6. Results ¢
The series of experiments on the Blow-Down rig at the IKT at high
pressures (50 bar) and higher fluid velocities in the test stretch
showed clearly continuous temperature signal patterns. The improve-

ment in the signals was made possible by better heat transfer bet-
ween fluid flow and thermocouples. The transfer behaviour was
similarly improved, and the thermocouple spectrum shifted to a
higher frequency range.

This frequency shift made the selection of a better temporal
resolution for analysis purpose possible [ 0.25 s (50 bar) and
1.25 s (12 barﬂ. Three clearly distinguishable stages were to be.
seen in the variation of mass flow with time. (Diag. 1)

At the beginning of the‘fIOW'iS a short one phase stage (high
density water). Later commences a two phase flow condition,

characterized by a mass flowyalue which approaches constancy. At s

o e e g e e
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the end of the run, the boiler is emptied of water and a pure

steam flow begins, accompanied by a sharp pressure drop 1n the
boiler and consequently a sharp increase in the specific volume.

As well as being able to compare the thermal probes with the ,
condenser (Reimann/Miiller) probes, it was also for the first time
possible to test the procedure at high flow rates. The signal from
both kinds of probes were recorded on magnetic tape and evaluated
using the program system VELTRA. The analysis results in similar
coherence functions between the two detector signals. The sharp
drop. in the functions observed in both cases is found at ca. 40 Hz
(Diag. 2). The frequency limit of the condenser probes is con-
siderably higher, but in both cases the fall-off frequency is the
same - the frequency content is thus clearly determined by the

flow conditions. One may thus conclude that the signal's frequency
limit is determined by the coherent frequency content of the flow,
rather than by the probes themselves.

The excisting evaluatién.system was reworkedand in pért newly
formulated. The changes concern the mathematical aspects.of the
VELTRA program system. This program performs a time series analysis
of the probe signals, which yields a cross correlation function and
further a velocity value. The digitalized probe signals are trans-
formed into the frequency realmby use of the Fast-.Fourier<Transform,
yielding complex spectral density functions X and Y. The modifica~-
tion in the program is that these functions are normalised thus:

X = X/IXI; ¥ = Y/IYI and then weighted with an idealised coherence
function r*. (Diag. 3)

The normalised, weighted spectral density functions then have the
form:

(X/IXI). p°
ny = (Y/IYI).y"

The determination of tHe CCF proceeds via the inverse FFT of the
cross spectral density function. which in turn is obtained from the
multiplication of the spectral density functions nx and ny.

The function's peak can be emphasised by exponentialising the

CCF. By this modified procedure, the peak can be reliably located
by appropriate software. The normalisation and weighting do not re-
sult in information loss as the location of the maximum value of

-4n

nx
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the CCF is determined by the phase characteristics of the cross
spectral density function Gxx.

Further advantages are obtained through the digital filteriné,
wherebye the optimal cut off frequency is determined after the
A-D convertion by the weighting function. Elimination of inter-
ference and equalisation of differing signal level amplitudes are
obtained through the normalisation.

Initial comparisons of velocity value obtained from present and
previous methods are shown in diags. 4 a-b. The example taken

is that of a pump shut of own experiment.

™
7. Next Steps
The measurements at the Blow-Dowh rig will be continued. Further
measurements at the KfK-rig are planned.
8. Relations to Other Projects
1) Measurements at the "Joint testing rig" of the KiK,
Project RS 145
2) Using of the measurement-method at the Blow-Down rig
at EURATOM-Ispra, Project RS 109
9. References '
. { -
- ™

10. Degree of Availability of the Reports ; L
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Berichtszeitraum/Period Klassifikation/Classification

Kennzeichen/Project Number

«1. = 31.12.1978 1.1.2 RS 263/4
Vorhaben/Project Title Land/Country
FRG

Analytische Tdtigkeiten der GRS im Rahmen des
Reaktorsicherheitsforschungsprogramms des BMFT

Hochdruck-Wdrmelibergang

Analytical Activities of the GRS in the Frame
of the BMFT Program on Reactor Safety

High Pressure Heat Transfer

Fordernde Institution/Sponsor
BMF'T

Auftragnehmer/Contractor

Gesellschaft fir
Reaktorsicherheit
(GRS) mbH

Arbeitsbeginn/initiated Arbeitsende/Completed Leiter des Vorhabens/Project Leader
1.1.1977 31.12,1979 DI I. Vojtek

Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittel/Funds
continuing 31.12.1978

1. General Aim

Parallel and supplemantary analytical investigation to ex-
. perimental research projects sponsored by the BMFT as well
as further development of computer codes concerning reactor

safety.

2. Particular Objectives

?ost experimental analysis of 25-rod-bundle heat transfer
tests, which were performed at the KWU test facility in
GroSwelzheim (RS 37C). Investigation of the correlations for
the calculation.- of film-boiling heat transfer coefficients
(HTC) and the critical heat flux (CHF).’

3. Research Programm

3.1 Recalculation of DNB and post~DNB experiments performed, and
comparison of calculated and measured results.

3.2 Comparison of heat transfer coefficients.

3.3 Assessment of HTC and CHF correlations used.

3.4 Comparison of results obtained with other similar experiments.

4. Test Facilities, Computer Codes
Test Facilities: KWU 25~rod-bundle heat transfer test
facility.
Computer Codes: BRUDI-VA,

5. Progress to Date

The post-experimental calculations of DNB and post-DNB ex-
periments performed with computer code BRUDI-VA, have been

-2 =
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finished in April 1978. The important results, test facility,
test program, and computer code are described in /1/.

For the calculation of post-CHF heat transfer coefficients

the following correlations have been used:

- Dougall~Rohsenow correlation,

- Modified Dougall-Rohsenow correlation,

- Miropolskij correlation,

- Groeneveld correlation,

- Condie-Bengston correlation. TN
The correlatio?, which led to the best agreement between
measured and calculated wall temperatures for the entire

range of test parameters, was the Condie-Bengston IV corre-

The following correlations for the calculation of CHF have
been employed in computer code BRUDI-VA:

‘- Westinghouse-W3 correlation,

-~ Babcock-Wilcox B & W-2 correlation,

- General-Electric correlation,

- MacBeth correlation,

- Healzer-Hench-Hansen-Levy correlation,

- Barnett correlation,

- Huges correlation, . E)
- Hench-Levy transient correlation,

- Israel-Casterline-Matzner correlation,

- Smolin correlation.

The results obtained have shown that non of these correla-
tions predicted DNB time for transients without flow rever-
sal accurately.

6. Results
lation.
7. Next Steps

Comparison of the results of RS 37C with other similar ex-
perimental investigations, such as the ORNL heat transfer
tests, ROSA program at JAERI etc.

Recalculation of RS 37 tests with non-equilibrium codes.

,,,,,
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9. References
/1/ Auswertung der 25-Stabbiindel Versuch (RS 37C) mit de@

' Rechenprogramm BRUDI-VA. GRS-A-208, September 12?8 '

!

10, Degree of Availability of the Reports , ‘
GRS-A-... reports are available through the Gesellschaft’
fir Reaktorsicherheit (GRS) mbH, ?drschﬁngsbetreuung,.
Glockengasse 2,‘D-5000.K615 1.
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Darnchistaitraum/Period

1.1, = 31,12,1978

Kiassifikation/Classification

Kannzaishen/Brojeot Number
RS 263/5

Vorhabon/Projact Title

Analytische Tdtigkeiten der GRS im Rahmen des
Reaktorsicherheitsforschungsprogramms des BMFT

Hochdruckthermohydraulik

Analytical Activities of the GRS in the Frame
of the BMFT Research Program on Reactor Safety

High Pressure Thermohydraulics:

Land/Country
FRG

Fordernde Institution/Sponsor
BMFT

Auftragnehmaer/Contractor
Gesellschaft fir
Reaktorsicherheit
(GRS) mbH

ALY

Arbertsbeqinn/initiated
77

kWP AT

lﬁnor Vwi: bﬁ /Pro]oc; Leader

Stand der Arbesiten/Status
continuing

Berichtsdatum/Last Updating

.

Bewilligte Mittel/Funds

31.12.1978

General Aim

Parallel and supplementary analytical investigatidn to exper=-
imental research projects sponsored by the BMFT as well as

further development of computer codes concerning reactor
safety. ‘

Particular Objectives

Analytical investigations of the influence of PWR primary

loops on blowdown parallel to tests, e.g. description of the
influence of : )

= break size, :

-~ three different break positions, S
- stored heat in structure,
= pumps,

~ 4injection.

" Research Program

W W W W ilw
.

a
W -

Meetings of working group LOBI-GRS.’

Proposal of test matrix for LOBI program A.

Coordination between concerned parﬁies BMFT, GFS, GRS, KWU,
Calculations w.r.t. influence of downcomer gap-width on
blowdown.

Calculation of electrical heating power.

Calculation of flow-loss~coefficients.

Analytical investigation of the influence of heat stored in
structure on blowdown. ‘

Adaption of computer programs to test facility.
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4, Computer Codes P
ad 3.4,

3.5,

3.7 Code BRUCH-DO6. 1
To 3.8 Codes BRUCH-D06, DRUFAN, RELAP4-GRS.
S5e Progress to Date
Ad 3.1 6 meetings of working group LOBI-GRS.

(preperation, execution and minutes /1/)

Ad 3.2 Establishment of matrix proposal for test program A.

Ad 3.4

Ad 3.5

Ad 3.6
Ad 3.7

Ad 3.8

6.

Establishment of work plan.

Blowdown calculations for LOBI facility with 7, 12 and

50 mm downcomer gap-width, and for reference reactor
BIBLIS-B. Comparison of calculated results.

Calculation of heatihg power for break sizes 2x1A,

2x0.5A and 0.02Aa /2/.

Calculation of flow-loss-coefficients according to VDI-Atlas.
Blowdown calculations with and without consideration of
stored heat in structure.

Compilation of input data.

Results

Ad 3.1

Ad 3.2

Ad 3.3

Ad 3.4

Discussion of

- experimental applicabilities of test facility,

- test parameters, '

- necessary improvements of test facility for small leak
tests, high and low pressure injection tests.

Definition Of

- matrix for pre-~tests,

- reference test for test program A.

GRS-proposal for test matrix A as basis for discussions in

working group.

Comprehensive presentation of necessary theoretical work ‘

and distribution of it between BMFT, GFS, GRS and KWU.

Corresponding to the LOBI scaling factor of 1:712 w.r.t.

volume a reactor typical blowdown can be achieved with a 7 mm

downcomer. The 50 mm downcomer results in a delayed blowdown
-3 -
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compared to a reactor blowdown. With a 12 mm downcomer the
reactor pressure loss of 1.1 bar in downcomer is represented.
Due to expected adjustment problems a 12 mm downcomer is
agreed upon instead of a 7 mm downcomer. N
Calculations with break sizes 2A, 1A and 0.02A show that
simulation of fuel rods with direct heated rods is possibie]
by controlling heating power. Good agreeﬁent with the
behavior of fuel rods can be achieved by controlling power
according to a DNB dependent power versus time curve.
Pressure distribution in the LOBI facility based on

Stored heat in the structure of LOBI facility is of minoxr

Calculation of heating péwer with code BRUCH-DO06.
Analysis.of pre-tests with code BRUCH-D06 w.r.t. flow-loss-

Comparison of calculated flow-loss-coefficients and

coefficients resulting from measured pressure losses.

Adaption of codes BRUCH-D06, DRUFAN and RELAP4/Mod6 to '

Analysis of small leaks with code RELAP4-Modé6.

Semiscale, LOFT, RS 37, LOBI (RS 109). '

Ad 3.5
Ad 3.6
theoretical flow-loss=-coefficients.
1 3.7
: influence on blowdown.
Ad 3.8 Up dated code input data. | ’
7. Next steps
Meeting of working-group LOBI-GRS.
Completion of test matrix.
coefficients.
test facility characteristics. '
Specification of standard problem LOBI.
Pre-test and post-test . blowdown calculations.
8. Relation with other Projects
9, References

/1/ . Ergebnisprotokolle 1. (bis 6.) Sitzung der AG LOBI-GRS.

/2/ W. Pointner, F.J. Ringer: Blowdown-Experiment RS 109
(LOBI), Berechnung der elektrischen Heizleistung,
GRS~A~205, September 1978

' ) _4-
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10. Degree of Availability of the Reports ‘
~ GRS-A-... reports are available through the Gesellschéft
"fﬁr Reaktorsicherheit (GRS) mbH, Forschungsbetreuung,
Glockengasse‘z, D-5000 K&1in 1.
Ergebnisprotokolle: Restricted distribution.
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Kiassifikation/Classification

sde

Kennzeichen/Proiect Number .

6.01.03/03A (PNS 4137

Vorhaben/Project Title

L

Gemeinsamer Versuchsstand zum Testen und
Kalibrieren verschiedener Zweiphasen-Massen-

strom-MeBverfahren

Joint Test Rig for Tests and Calibration of Different
Methods of Two-Phase Mass Flow Measurement

Land/Country
FRG

Fordernde Institution/Sponsor
BMFT

Auftragnehmer/Contractor
Kernforschungszentrum
Karlsruhe mbH (K£K)
Projekt Nukleare
Sicherheit (IRB)

Arbeitsbeginn/Initiated

Arbeitsende/Completed

Leiter des Vorhabens/Project Leader

1.10.1974 31.12.1978 J. Reimann
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittel/Funds
Continuing Dec. 1978

1. General Aim

.

Test of two-phase mass flow measuring devices for LOCE.

2. Particular Objectives

Different measuring methods that are develoned in other insti-
tuts are to be tested and calibrated in steady-state steam-water and

alr-water. flow.

3. Research Program

3.1 Test of methods sponsored by the BMFT (Federal Ministry of
Research and Technology). '

3.2 Tests of methods developed for the LOFT- and Sémiscale—Experiments;
sponsored by the USNRC.

4. Experimental Facilities
For these tests, loops for steady-state steam-water flow and air-

water flow have been built.

5. Progress to Date '
The following experiments have been performed:
- Test of the LOFT DTT (modular and plenum DTT) combined with a 3 beam

gamma densitometer in steam-water flow at low qualities.
- Comparison of the Semiscale Scanning Densitometer and the KfK~IRB
5 beam gamma densitometer including both air-water and steam-water

flow.
- Test of the True Mass Flow Meter (TMFM).(KfK-PNS 4236) in steam-

water flow at pressures up to 10 MPa.

-a2-
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- Investigations at highly accelerated (nozzle) two-ovhase flow (KfK-
PNS 4126) .. ‘

- Optimization of flow homogenizers (Battelle Frankfurt) for horizontal
two-phase flow.

6. Essential Results
- The tests of the LOFT instrumentation performed in the 4th quarter
of 1977 have been analysed, the final report will be completed in

the near future. Some of the results differed significantly from the
correct flow values, dependina on the phase distribution in the pipe
cross section. The radio-tracer technique combined with the LOFT ~
densitometer showed a much better accuracy, independent of flow L
regime.

- The results obtained with the two reference densitometers in general

agreed very well, in 80 % of all experiments the deviations were

below 3 %.

The TMFM tests, performed at mass flow rates up to 3.5 kg/s and

qualities up to 55 % had a mean measuring error of 3.4% of the

maximum measuring range with a standard deviation of 2.2%.

To produce a highly accelerated flow, a nozzle geometry was used.

Experiments in air-water flow (p £1 MPa) and steam-water flow

(p £13 MPa) were made and data evaluation is underway.

- Experience on the qualitative influence of various flow homogenizers
was gained by using a lucite test-section. To quantitatively measure ;f:
the phase distribution downstream of the homogenizers in the subse~
quent experiments, the 5 beam gamma densitometer was successfully

used.

7. Next Steps
Layout of a test facility for transient experiments. .

Optimizationof flow homogenizers; test of a drag body in homogenized flow.
~ Documentation of the tests of the EG&G mass flow rate instrumentation.

8. Relation with Other Projects
RS109, 135, 136, 146, 147, PNS 4236, LOFT(INEL), Semiscale(INEL), PBF (INEL).

9. References
Repdrts in the series GRS~Forschungsberichte, Report KfK 2500, 1977.
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Bariehtazeitraym/Peried Kiagsitikation/Glassifieation Kennzeicher/Prajest NumBer
A_.‘l/l) - 30)9)1-928 1-1.2 RS 225
Vorhaben/Project Title ’ . Land/Country
- FRG

Dichtemessung in Zweiphasenstroémung P BTy
(Wasser/Dampf) mittels Ultraschallsonden. %MPT P

{
Density-measurement in a two-phase-flow Auftragnehmer/Gontractor

water/steam) by means of ultra i Technische Unive?si-
getectérs, ) by sonic tdt Berlin, Institut

fiir Kerntechnik

Arbeitsbeginn/Initiated Arbeitsende/Completed Leiter des Vorhabens/Project Leader
Oct. 1, 1976 Sep. 30, 1978 Prof.Dr.-Ing. U, Wesse;
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewillligte Mittel/Funds
Completed Dec. 31, 1978
1. General Aim

Development of a measuring method to detect density and density
variations in fluid flows. Development of design-features of a
fluid-level monitoring system by use of ultrasonic transducer
probes.

2. Particular Objectives

The density and / or fluid level variations within stationary and
transient temperature-, flow velocity- and density-conditions are
to be measured. Simplification of the electronical and analysis
requirements are investigated.

3. Research Program
The research program is devided into four (4) interconnected
activities:
3.1 Design and testing of alternative probe configurations.
3.2 Design and optimization of transducers and electronic
circuitry. ‘
Density measurements (stationary/transient)
3.4  Fluid-level measurements (stationary/transient)
4., Experimental Facilities, Computer Codes

The detector system will be tested and operated in different
experimental facilities at the Institut fir Kerntechnik.
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Progress to Date

5.2

5.3

5‘4

The conditions on getting continous or RF-Pulse receiver
signals with least-$ensitivity to extraneous disturbences
and optimum interpretation features in dependency on the
surrounding medium were investigated experimentally for
testing probes of different helical geometry.

By means of theoretical models the ultrasonic propagation
characteristics of helical rods were estimated concerning
the dispersion-/frequency behaviour.

Computer programs to evaluate the characteristic matrix and
the dynamical disglacements(along the helix axis) were
developed. .

The possibility of mechanically extracting the probe signals
from the testing environment via straight coupling-rods were
examined. With segmented (notched) rods of straight geometry
experimental investigations were performed.

By means of a theoretical transfer-model the mechanical and
electrical parameters to achieve acoustical-electrically
matched transceiver systems were investigated.

A computer program was developed and theoretical and "
experimental results compared. |

The attenuUation characteristio for specific operating
frequencies with regard to the density information was
investigated concerning linearity and possible disturbences.
The influence of instationary and constant (different)
temperature was examined experimentally.

Fluid-level curves (RMS-amplitude vs. submersed surface)
within stationary and instationary surrounding were recorded
for design frequencies of probes of different active lengths

(200 - 800 mm). -3
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A final report was completed,

6. Results

The experimental investigations showed that on specific

conditions as well optimal disturbence-insensitive als

reliably interpfetable receiver signals (RMS-values) can be
“achieved. These conditions are essentially system-dependent

(material/geometry/operating conditions).

In single-phase as well as two-phase flows (air/water)

reproducable results could be achieved experimentally.

The dﬁantification of the underlying conditions and therewith

quantitative criteria for designing probes which are matched

to specific measurement problems, could nevertheless only be
estimated. In this context (''geometry-mode' concept):

- the total stress/displacement conditions with regard to
ultrasonic propagation is to be stable against extraneous
'disturbences' (flow/temperature/two-phase condition).
(rod diameters < 4 mm generally exhibited now reproducable
results).

- 'constructive' interferences of the simultaneous existing
propagation modes concerning the pronagation along the
helix axis.

- energy concentration within those modes, which are radia-
tive to the environment (lateral displacement of the rod
cross~sections)

- operation outside the fundamental rod-resonances (SWR).

By means of theoretical models of the dispersion characteris-
tics, predictions concerning the rspctve. frequency-wave
length behaviour can be assessed. The evaluation of the
characteristic matrix permits estimations of the dominant
components of displacement along the helix-axis, which are
important with regard to the radiation properties.

Based on the experimental verified geometry- and operating
parameters, the computional comparisons demonstrated the

-4-
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anticipated criterion of essentially radiative mode

coupling.

The extraction of probe signals from the environment under
test via straight toupling rods (i.n. because of temperature=-
limitation of piezoceramics) seems to be principally feasible
within the noted restrictions. The experimental investigation
showed, that with adequate geometrical design (notches/
segmentation) a mechanical filter effect can be achieved.
Preliminary tests of notched straight rods yielded linear
RMS-value vs. fluid-level curves, provided that adequate
segmentation and operating conditions be used. In that case,
distinct segment indication by signal-dips occurred.

Subject to the purnose of the tests, two different concepts
were fequired. First, to experimentally check the probe be-
haviour broadband transfer characteristics matching the
desired frequency region has to be provided, on the other
hand operational conditions concerning density-/fluid level
monitoring required relatively narrowband characteristic with
(limited) mechanical/electrical tuning possibility.

With regard to easy interchangeability and 'standardizing'

of transducer systems the experiments yielded mechanically
coupled transducers with front and rear courling parts, the
rear coupling being shaned as conical labyrinth. The capsula-
ted system enables enclosure of electronic circuitry (filter/
preamplifier).

Starting with probe~specific excitation conditions (frequency
e.g.) the mechanical-electrical design requirements of the
transducer systems are given. To include and optimize the
respective mechanical-electrical parameters, an equivalent
network was used. Theoretical comparison yielded satisfying
results. Based on probe-specific frequency option, the design
and -optimization of the transducer system therewith is

feasible.

PO



L

-.Aﬁﬂ -
1.1..=- 30.9.1978 RS 225

6.3 Density-_and_Fluid-level probing

The experimental results concerning density-/fluid level

measurements yielded the following conclusions (cf. 6.1) .

1. In principle 'an optimal excitation frequency, dependent
on specific geometrical and operational conditions could
be established for helical probes with regard to insensiti-
vity against extraneous disturhences as well as linear
relationship betweensignalattenuation and submersed length/
density in/of surrounding medium.

The noted linearity of the signal implies, that the
mechanism of propagation of sonic vibration does not
represent simple SWR, but complex travelling pulsation
characteristics. Determination of the signal RMS-value
following mechanical and/or electrical filtering thus
permits a substantial reduction in analytic/electronic
requirements and yields a more reliable interpretation
compared with previous tracking methods /1, 2/.

N

To enable probe design matched to arbitrary measurement
problems and operational conditions (cf. 1.) quantification
of the so called 'geometry mode' conditions is substantial.
Because of the complex propagation and deformation
mechanisms (comprising simultaneously 6 coupled and dis=-
nersive nropagation modes) predictions concerning this

could only be estimated.

The experimental and theoretical investigations confirmed,
that in using arbitrary design and system combinations
(probe-transducer) essentially non systematic and inci-
dental results are effectuated. ’

-

6.4 Conclusions

Because of the complex @ode coupling of essentially dispersive
propagation modes, the transfer and mdiation characteristics of
helical ultrasonic probes can only be estimated.

Quantitative predictions with regard to disturbence =-insensitivity
and least intermodulation effects (signal distortion) concerning

density/fluid level information as well as parameters of influence
-
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(flow condition temperature) can be assessed only for specific

operational and design parameters.

Despite the confirmation of the existence of an 'optimal measuring
characteristic' of he11varobes, the investigation of simpler geo-
metries (e.g. notched straight rods) with regard to prgct1ca1

implementation seems to be more appropriate.

7. Next Steps
The work has been finished.

8. Relation to other Projects

9, References

10 Degree of Availability of the Reports

-
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Berichtszeitraum/Period Klassifikation/Classification Kennzeichen/Project Number
1.1.78 - 31,12,78 1,1,2 RS 277
Vorhaben/Project Title t.and/Country
Vergleich erprobter und in Entwicklung befindfk_ERG
licher MassenstrommefBverfahren fiir Zweiphasen} Fordernde Institution/Sponsor
stromung BMFT
Auftragnehmer/Contractor
BATTELLE~INSTITUT'E.V,
Comparison of Proved and Currently Developed Frankfurt am Main
or Planned Massflow Measuring Methods for
- Two-Phase Flows Abt. Thermische Ver-
' f
Arbeitsbeginn/Initiated Arbeitsende/Completed Leiter des Vorhabens/Project Leader
1,11.77 29,2,80 G, Hampel
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittel/Funds
Coptinuing December 1978 '

1., General Aim

The aim of this work is to provide a comprehensive survey of

existing measuring methods and measuring systems for direct and

indirect mass-flow measurements in thermohydraulic experiments

in light-water reactor safety research. The mass-flow measuring
 methods  for two-phase flow that have already been developed or

are being planned are to be compared systematically, using spe-

cific criteria such as pressure and temperature ranges, detection

of transients, phase distribution, etc.

The comparative deséription of the developed measuring methods
is to be related to specific applications (experimenfal facility,
conditions, results) and will help users of compufer codes and

experimenters in their evaluation of experimental data.
The compilation of the planned measuring methods is to provide
desision aids in the further development and application

of these methods in future research projects.

2. " Particular Objectives

3. Research Program

The status report is to be drawn up in two phases:

- The first phase consists in the compilation of a manual (Cata=-

logue) for tried two-phase mass-flow measuring methods for which

first experiences and results have already been gathered.
- The second phase concerns new planned measuring methods that

can be used in future thermohydraulic experiments in LWR safe-
-2-
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ty research,

The following main steps are scheduled:

Collection of data on the tried measuring methods, the conditions
for their application, and experimental results.

Collection of data on the planned measuring methods.
Establishment of criteria for the cataloging of the methods.
Review and evaluation of the data and study of the literature

on the methods and their foundations,

Description of the experimental facilities where relevant tried
measuring methods are already being used.

Description of selected experiments, their objectives, experimen-
tal conditions, and results.

Comparison of the measuring methods on the basis of applitation-
oriented criteria (in the case of the developed measuring

methods with due regard to 3.5) in a uniform and systematized
survey.

Discussion of the results and final considerations.

Experimental facilities, Computer Codes

Progress to Date

- Collection of a major part of the required information and
literature. '

- Elaboration of criteria lists for the systematic comparison of
the measuring systems according to the general and application-
oriented performance.

- Classifying of the nearly 40 individual measuring systems and
establishing 15 different groups. .

- Description of the general performance of 10 individual measu-
ring systems (in several versions) and short description of
their measuring principle, evaluation and calibration require-

ments.

Results

Next Steps

Continuation of the work according to the research program,
-3&
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starting with 3.1.

8. Relation with Other Projects
RS 16 B, RS 33 A, RS 37 A, RS 37 C, RS 48, RS 50, RS 81, RS 93,
RS 109, RS 123, RS 135, RS 136, RS 145, RS 146, RS 147, RS 161,
RS 163, RS 179, RS 188, RS 195 plus other European and US~Ameri-

can projects,

9. References

&ﬂﬁ 10. Degree of Availability of the Reports
(W -
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Barichtszaitraum/Pariod ' Kiansifikation/Classification ' Kannzaighan/Project Number
1.1, = 31,12.1978 1.1.2 RS 182
Vorhaben/Projoct Title \fvﬁiéCoumry

Beteiligung der GRS am LOFT-Programm der USNRC

Fordorpde Institution/Sponsor
¢ BMET

Auftragnehmer/Contractor

Gesellschaft fiir

Participation of the GRS at the LOFT Program Reaktorsicherheit

of the USNRC (GRS) mbH .
Arhmtubaginn/initiated Arbaitsande/Completed Leoiter des Vorhabans/Project Leader
_1.4.1976 31.12.1980 , Dr. A.B. Wahba
Ltand dor Arboiten/Status Borichtsdatum/Last Updating . ‘ Bewilligte Miltel/Funds .
Continuing 31.12.1978 ‘ "

General Aim

The analysis of the LOFT series will improve the knowledge
about certain regimes of the LOCA; which are not understood
completely. In close cooperation with American research '

groups it is hoped to gain more experience in actual experi=
mental,procedures; .

Verification of computer codes by pre- and post-test calcu-
lations of the LOFT and Semiscale series. Performing modifi-
cations of the codes were necessary.‘ L
Comparison of the results of the LOFT and, Semiscale series
tests with the German RS projects and analysis of this com=-

The work of the GRS includes two main points:
- Pre- and post-test calculations of the LOFT experiments,
- Participation in the performance and the analysis of the

2. Particular Objectives
2.1
2.2
parison.
3. Research Program
LOFT project.
4. Experimental Facilities, Codes

The codes BRUCH-D-06, RELAP4-GRS, and DRUFAN were apnlied to
simulate the complete decompression process including the
ECC injection process until the beginning of the flood phase.

For the calculation of the refill and flood phase the codes

RELAP4/MOD6 /1/, and REFLOS /2/ will be used.

”
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5. ' Progress to Date
Post-test analysis of the LOFT experiment L1-4 with
BRUCH-D-06 was completed /3/. Modifications concerning the

simulation of the accumulator injection and flow resistance
in the broken loop were carried out.

RELAP4/GRS was used to analyse the L1-4 /4/ and L1-5 /5/ ex-
periments. During the post-test calculations of L1-4 it was
found that the model for heat transfer under free convection
(secondary side of the heat exchanger) had to be modified.
For the calculation of L1-5 the core simulator in the code
(RELAP4/GRS) was replaced by appropriate heat slabs which C)
simulated the nuclear heated core.

After the implementation of RELAP4/MOD6 on the GRS computer
(AMDAHL 470/V5){ test calculations were done using input
data model simufating the LOFT counterpart test S06-4. An
input data model of the first nuclear test L2-2 for RELAP4/
MOD6 was generated. The LOFT facility was simulated by the
system code ALMOD /6/ in order to analyse some of the opera-
tional experiments for the nuclear test series. Steady state
calculations for 100 % power were done. Transient calcula-
tions for a selection of the operational experiments are
underway.

Using the basic version of DRUFAN, the L1-4 test was simu-
lated /7/. It was the first time that DRUFAN code has been (_)
applied to an integral test with a complex system, such as
the LOFT facility. Particular effects or components, like
heat addition from steam generator and structural materials,
pumps, pressurizer and ECC injections, were simulated by
time-dependent input functions. The results of this post-
test calculation as presented at the Workshop on CSNI LOCA
standard problems /8/, have shown good results, especially
after the start of the ECC injection. This is due to the in-
clusion of thefmodynamik nonequilibrium effects in DRUFAN.
In order to study the fluiddynamic processes in the brocken
loop in more detail, numerous variations in the flow area
had to be considered. This was achieved by increasing the
number of nodes and junctions, simulating the different

parts of the facility. A second post-test analysis of L1-4
-3 -
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was also important for testing and verifving new models
(heat slab model, heater rod model, heat transfer model),
developed and impiemented in DRUFAN.

This extended version of DRUFAN was also used to siﬁulate‘
the LOFT counterpart test $06-3. The results of this analyf,

sis will be submitted to the standard problem No. 8 of the
OECD.

~ A comparison between results from the LOFT and Semiscale

LOCA tests and their application to PWR/LOCA performance

was done with EG & G and was‘presented at the Reaktortagung
1978, Hannover, FRG /9/. Also pre- and post-test analyses

of the L1-4, using RELAP4/GRS, were presented at the ﬁéak~
tortagung 1978 /10/. ‘
The results of the post-test calculations of the L1-4, com-
puted with BRUCH-D-06 /11/, RELAP4/GRS /12/, and DRUFAN /8/,
were presented at the Workshop on CSNI LOCA Standard Prob-
lems 1978, Garching.

Detailed analysis of the nuclear tests (L2~series), using }
RELAP4/GRS, DRUFAN and REFLOS. Application of fuel rod behav=
iour models. Computation of selected experiments from the

6. Results

7. Next Steps
Semigcale tests.

9. References

/1/ S.R. Fischer, et. al.: RELAP4/MOD6 - A Computer Pro-=
gram for Transient Thermal Hydraulic Analysis of Nu~
clear Reaciors and related Systems. CDAP TROO03,
January 1978 A

/2/ E.J. Kersting: Rechenprogramm REFLOS ~ Programm zur
Berechnung des Wiederauffiill- und Flutvorgangs.
GRS~-A-163, September)1978

/3/ G. Lerchl, K.J. Liesch: Ergebnisse zum LOFT-Versuch
L1-4 (Voraus- und Nachrechnung mit BRUCH-D-06) .
GRS-A~122, M8rz 1978

/4/ R. Ullrich: RELAP4/GRS - Analysen zum nichtnuklearen

4 -4 -
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/5/

/6/

/1/

/8/

/9/

/10/

/1

/12/

LOFT-Versuch L1-4 (Voraus- und Nachrechnungen) .
GRS-A-212, .September 1978

M. Firnhaber: Nachrechnungen zum nichtnuklearen LOFT-
Versuch L1-5, GRS-~A-252, Dezember 1978

W. Frisch, A. H®1ld,’R. MeiBner, K.D. Schmidt: ALMOD-2
- Nichtlineares Anlagenmodell zur Simulation von St8r-
fdllen in Druckwasserreaktoren, Modellbeschreibung.
GRS-A-158, August 1978

W. Buhl, K.J. Liesch: Ergebnisse zum LOFT-Versuch L1-4
(Nachrechnung mit DRUFAN). GRS-A-243, Dezember {978

W. Buhl, K.J. Liesch: Results of the Post-test Calcu-
lation of the L1<4 Test Standard Problem Calculated <:>
with the Code DRUFAN. Presented at the Workshop on

" CSNI LOCA Standard Problems, Garching, FRG, April 1978

L.P. Leach, D.J. Olson, E.F. Hicken: Appolication of
Results from the LOFT and Semiscale LOCA Tests to
Reactor Safety Questions. Reaktortagung, Hannover,
1978

R. Ullrich: Analyse isothermer LOFT-Blowdownexperimen-
te mit Notklihleinspeisung. Tagungsbericht des DATF

zur Reaktortagung 1978, S. 185-188

G. Lerchl, K.J. Liesch: Results of the Pre-test and
Post test Calculations of the L1-4 Test Standard Prob-
lem Calculated with the Code BRUCH-D-06. Presented at (:)
the Workshop on CSNI LOCA Standard Problems, Garching,
FRG, April 1978 '

R. Ullrich: RELAP4/GRS Calculations for LOFT L1-4.
Presented at the Workshop on CSNI LOCA Standard Prob=
lems, Garching, FRG, April 1978

Degree of Availability of the Reports

GRS-A-... reports are available through the Gesellschaft
fiir Reaktorsicherheit (GRS) mbH, Forschungsbetreuung,
Glockengasse 2, D=5000 K&ln 1.



- A8A ~

1] w'tuh w‘umaumlﬁmmd

- 31.12.1978

Kiassifikation/Glassification

Kerhemenan/Projeet Number
RS 179

Vorhaben/Project Title

Erstellung eines theoretischen Phasenseparationsmodells
zur Erfassung des Wassermitrisses und Vergleich der
theoretischen Vorhersage mit experimentellen Ergeb-
nissen - RS 179 Jahresbericht A 78

Development of a theoretical phase separation model
with respect to Tiquid entrainment. Comparison of
theoretical prediction with experimental data.

Land/Country
FRG

Fordernde institution/Sponsor ™
MEL

Auftragnehmer/Contractor
Univgrsitat Hannover
Insditut f: Verfahrenstechn.

Callinstr., 36 ™
3000 Hannover 1

Arbaitsheginn/iniiated

Arbeitsende/Completed

Lenter des Vorhabens/Project Leader

Auq. 1975 July 1978 Prof. Dr.-Ina, F Mayinger
Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewilligte Mittel/Funds
'Completed December 1978 '

1. General aim

QXperimental and theoretical investigations in the thermo- and hydro~
dynamic behaviour of a two phase pool with regard to nuclear safety

studies.

2. ' Particular opjectives

Experimental analysis and physical description of the fluidhydraulic
conditions determining the phase distribution in a two', phase pool,

- the phase separation at the horizontal surface and the droplet carry-over
and entrainment in the vapour space.

3. Research programm

Steady state vapour injection into a liquid pool via different injector
geometries, to analyse the vapour distribution in the mixture, the
'separation at the hprizontal surface:and the mechanism of droplet ‘
generation and carry over leadinan to entrainment in the vapour flow.

‘Quantitative tests tn determine the void fraction and its vertical
distribution within the mixture, depending on the superficial vapour

velocity, on the initail height of the mixture (meaning ) in absence
of bubbling), on the system pressure and on different vesseldiameters.

Furthermore quantitav

experiments, to gain data upon the diameter

pectra of entrained droplets, information about the phase velocities
and the mass of 1iquid entrained in the vapour flow are needed.

These values depend

on the hydrodynamic conditions occuring in the

phase pppl and at its surface including the superficialvelocity of the
vapour, the thermodynamic state and the location under investigation

-2~
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i. e. the distance to the mixture surface.

In a second step the phase separation behaviour during pressure transients
is regarded, to investigate the above mentioned subjects for flash
evaporation at :moving surface.

Experimental facilities, Computer codes

A1l experiments invelved in this project are carried out by the use of
the refrigerant R 12 (CF,C1,) as a modelling fluid instead of water
substance. To assure reactor relevant hydraulic conditions the fields

of assumed main influencing parameters on this subject were scaled based

on equal density ratios for water and freon. )

The different types of test sections for the steady state as well as for
the blowdown experiments were constructed as cylindrical glass vessels,
allowing an optical and cinematographic investigation of the phase inter-
actiop and fluid behaviour.

For the vapour injection tests different internals could be built in to
allow modified vapour distributions. To study the influence of locally high
velocity differences on the phase separation and resulting droplet carry
over, up to seven individually controllable nozzles were used.

A nearly homogenous vapour distribution which is more similar to evaporating
pools could be simulated by the use of a porous sinter plate injection.

For the blowdown tests the liquid pool was heated up to saturation- <:)

. temperature by use of electrical heaters.

Each vessel was instrumented with a number of thermocawuples ,pressure
gauges, flowmeters or a weight tranducer (to measure the mass discharge
during transients). The line void fraction in the mixture was picked up at
different heights by a traversableq.ray attenuation arragement, while
the volumetric liquid fraction in the vapour space, the number, dia-
meters and vélocitieSof droplets were taken photograhycally.

For amathematical treatment of the experimental data some computer codes
were developed especially to investigate the transient fluid behaviour.
Basing on a comparison of heat conduction and heat convection in the
boundary layer around a growing bubble the onset of flashing in a de-
pressurized pool could be calculated applying an implicit method.

To get some information about the vapour escape from the moving surface of

¢ -3-
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a flashing pool, the evapuation rate and the increase of the mixture sur-
face were computed from a measured pressure decrease.

The used model consists of a theory for critical out-flow a theory for the
vapour distribution in the saturated mixture and a theory discribing the
motion of the evaporation front within the superheated 1iquid.

Progress to date |

Within the steady state investigations, two semiempirical models discribing

on the one hand the void fraction in the two phase mixture and on the other

hand the stable (meaning the continously upwards moving) entrainment could
be Verified by use of own R 12 and literature given H,0 data. |

For the transient investigations, a flashino " criterion and the time
dependent onset of flashing could be calculated. Theoretical results are

in fair agreement with available experimental data.

The separated rate of vapour from the moving surface of a flashing pool

was computed by comparing experimental and theoretical results for the
time depending mixture level.svell. ' ;
Results

Optical investigations of former flashing tests have shown, that a liqyjd
pool starts to evaporate in a nearly homogeneous manner throughout the
whole vessel cross section if a depressurization ‘is initiated. After a
certain delay time the evaporation originated at the surface moves ’
downwards within the liquid while a two phase mixture level rises up-
wards like a piston. To investigate the interaction of both phase and
resulting hydraulic phenomena a comparable situation was simulated for
steady state conditions, injecting vapour into a liquid pool via a porons
sinter pléte. ’
From - the physical understanding the phase separation
and the liquid carry over as well as the entrainment behaviour in the vapour
space are mainly dependant on’ the void fraction in the mixture and on the
phase velocities.
Fig. 1 illustrates the relationship between thesuperficial vapour velocity
and the resulting mixture éveraged void fraction, which can be expressed
by a power law function. '
A change in the system pressure results 1in a parallel shifting of the'
above relationship.
Applying the theory of similarity to discribe a bubbling process, several
dimensionless groups which appear to be significant have been regarded. As
proposed by Wilson /1/ the volumetric void fraction was approximated by
-4
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a power law relation and expressed as a function of three . groups,
- the Froude number, the bubble to vessel diameter and a density ratio -

(M

e wewee - u -

g 9 d yessel p-p
glp-p

‘, N A 0,085
€theor.= 0573 [—H-Q:Z—— ]0,309. [ ._:QTBT:—T 2".] . [.....’.’:...] o5

In evaluating the coefficient C1 and the exponents, own freon data and
literature given H,0 data of Behringer /2/ and Wilson /1/ were used. ﬁ
The values thus determined were Cy = 0,572, a = 0,309, b = 0,055 and . ?
¢ = 0,150. Equation (1) represents the data in Fig. 2 with an accuracy !
of 20 %.

To investigate the entrained liquid fraction ultra short duration photos
with a magnification factor of 6 : 1 were taken at different distances

to the mixture interface. From counting and measuring the recorded droplets
size and frequency spectra could be found out. These histograms always

gave two favorised diameters, one in the range of 25 - 35 microns and

the other at about 100 to 200 microns. Sporadicly drops up to a diameter
of 1 milimeter could be detected but these large ones only appeard at \
close distances to the mixture surface. As already reported in RS 179 B
(1977) the small droplets are generated from the disintegration of ﬂ
bursting bubbles, while the large ones resulted from the liquid jet mechaniffy L
It is remarkable that the bubble generated dronlets became predominant

with increasing vapour flowrates.

{

This is obviously, if one imagines an entranced turbulence of the mixture
surface, so that the jet mechanismyresulting form bubble craters in the
surface - is no longer able to be established.

With regard to the limited region wherein refalling drops could be
detected, it appeared to be convenient to go foreward in investigating the

behaviour of the small droplets being continously entrained in the vapour
stream.

With the help of the flooding equation

(g )= [ 4 St . g (227" (2)
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and a relation for the drag coefficient

Co = (0,63+48/YRe )2 | (2)

the maximum diameter of a drop able to be entrained in a filow of a given
velocity could be calculated iteratively from equation (4)

Aoy ® [““'(Ug = Ugrop) - 3 <((UQ - udm%; dmxp-)vz-()ﬁ&@ai]

(p'-p"l & (4)

Vg

introducing a drop velocity to be zero.
The total droplet spectrum obtained at an observation altitude could

" now be diveded intp to, parts, applying the maximumdiameter criterion. From
the range of dianeters smaller than the flooding 1imit an representative '
mean diameter was calculated. For that value the terminal slip ratio of a
contineusly accellerated drop in the vapour stream was computed.

From the known s1ip ratio and volumetric liquid fraction the entrainment
defined as '

- Mdroplet 1 "i \
€ Pvapowr (5)

could be determined. ‘

Fig. 3 gives this so defined stable entrainment as a function of a
modified Froude number, where the mixture averaged void fraction was taken
into account. | ‘ '

"2

Frlegg s+ (8)

= superficial vapour velocity :

= vertical distance of the optical axis to the mixture surface

= gravitational acceleration
11th increasing system pressure the upstreaming vapour is able to carry .
over an increased 1liquid fraction. .
To approxiriate the entrainment rate with respect to different system
pressures, this influence was taken into account‘by some dimensionless
groups, thus ‘ ‘ ,

\ ' , -6~
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The constante C, and the exponents were correlated to

C, = 2,98 - 10%, n = 0,515, m = -0,631, o = 1,642, p = 0,504
and q = 0,328 _ O
Equation (7) represents the experimental data with an accuracy of 10 %.

Transient investigations

Trying to make use of the steady state results on phase separation and
1iquid carry over, blowdown tests of an initually saturated liquid pool

have been performed. As already reported in RS 179 (977) the vapour
generation always started at the mixture surface after a certain delay

time, so that the liquid became strongly superheated in the first period.

For the calculation of the separating vapour rate from the flashing

mixture an energy balance is used. For this procedure it is necessary to

know the maximum superheating of the 1iquid and the time when flashing
occurs.

Basing on thedifferential equation of the temperature field around a <:>
spherical bubble

0% __\_ (232

3t pc (r ar) (8)
and the equation of bubble growth due to heat conduction

or . _A 3

t  p"hyg Ox (9)

the temperature distribution in the boundary layer was computed.with
respect to a motion of the bubble wall. '
With the help of the Galilei transformation

$

l'=x6Ro+R'l (10)’

equation (8) and (9) lead to -7~
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. consisting of the convective term ﬁ-%;z and the conduction term

0. .2 ozgg

7 X

Fig. 4.1 shows thie time depending temperature profiles within the
boundary layer, whereby the ordinate always .represents the bubble

wall. Fig. 4.2 shows these profiles in comparison to the growth rate’

of the bubble, indicated by the vertical lines.

Besinde the measured pressure (index 3), the according saturation

temperature (5), the bubble radius (1) the growth rate (2) and the

temperature gradient at the bubble wall (4) the integrated area between

the temperature profile in the boundary layer and the line of zero degree

centigrade is inicated (dotted line) in fig. 4.3. The minimum indicates

the onset of flashing. ‘

The point is described by the first moment when the heat conduction

velocity becomes less than the bubble growth velocity. This confi-

guration can bee seen in fig. 4.1 by the first crossing of a later

profile with an earlier one.

The values thus determined for the beginning of flashing are in fair

agreement with the measurd pressure decrease curves, which shows at this

time a beginning reincrease.

Knowing the time delay until flashing occurs, the miximum superheating of

thé liquid can be calcualted from the pressure decrease and the initial

values. The following evaporation rate can be determined from an energy

balance, if the liquid volume is known, which is cooled down to saturation

and from which the destored superheating is used to evaporate a certain

part of liquid.

Optical investigations have'§howh. that the evaporation always started

at the mixture interface and that the flashing front moved downwards

within the liquid. Basing on this knowledcd the actual evaporated volume
-8 -
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was calculated interatively by comparing the generated volume with

‘out streaming volume as long as the calculated system pressure becomes.

equivalent to the measurd one.

Fig. 5 shows an. example for a suchwise computed escape rate of vapour
from the flashing mixture.

Fig. 6 gives a comparison of the total evaporation rate to the remaining
vapour in the mixture. The good agreement of the calculated value and
the measured value for the remaining vapour fraction: seems to prove the
validity of the computational procedure.

A more detailed and complete description of the results can be found

in the final report of RS 179 to be available in spring of 1979.

{

7. Next steps

No further investigations are planned.
8. Relation to other projects

RS 163
9. References '

/1/ MWilson, J. F. Steam Volume Fraction in a bubbling two phase ‘mixture
Trans. Am. Nuc. Soc. 4 No. 2 (Noc. 1961)

/2/ Behringer, P. Steiggeschwindigkeit von Dampfblasen in Kesselrohren

V.D.I. Forschungsheft 365, 1934 <:>

/3/ RS 179 (1977) Annual report
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TITRE Pays

Méthodes de mesure en double phase FRANCE

Organisme Directeur

CEA/DgCS
EDF/SEPTEN
TITLE (Anglais) Organisme exécuteur
CEA/DTCE-STT
. . (GRENOBLE)
Development of two phase flow instrumentation
Responsable
Date de démarrage Etat actuel Scientifiques
1974 en cours
4
Date d'achévement Derniére misa 3 jour
31/12/79 01/79

OBJECTIF GENERAL

Mesures des paramétres de 1'&coulement double phase au cours de 1l'accident
de dépressurisation.

OBJECTIFS PARTICULIERS

Développement de débitmétres pour écoulement diphasique (venturi et mouli-
nets).
Développement de méthodes de mesure de taux de vide par neutronographie.

3. INSTALLATIONS EXPERIMENTALES ET PROGRAMME

DEDIF : Circuit eau-argon d'&talonnage en régime permanent.

CANON : Test en régime transitoire.

ETAT DE L'ETUDE

-

Avancement 3 ce jour

Appareils de mesure par neutronographie étalonnés.

Moulinet et venturi étalonnés en régime permanent.

Développement technologique en cours des paliers de moulinet.

Utilisation d'un moulinet (@=20mm) avec roulement 3 billes effectuée avec
succés,

Moulinet @ 80mm et @ 70mm 3 roulement & billes, qui seront utilisés respec-
tivement sur OMEGA (grappe) et PHEBUS, en cours d'essais. o




- AQY -

Moulinet et venturi étalonnés en régime transitoire sur DEDIF.

’

PROCHAINES ETAPES

Venturi 3 1'étude sur CANON.

RELATION AVEC D'AUTRES ETUDES

Expérience OMEGA : Détermination des d&bits aux extrémités des sections
d'essais de la boucle OMEGA.

Expérience PHEBUS : Mesure des débits en branche chaude et en branche froide
de la boucle d'essai PHEBUS. .

*

. DOCUMENTS DE REFERENCE
K3

'"Mesure du titre et du débit massique d'un mélange diphasique 3 1'aide d'un
moulinet et d'un venturi"
R. FRANCK Note TT 534

- "Void Fraction Measurements by Neutron'Attenuation and Neutron Scattering
Method"
JC. ROUSSEAU, J. CZERNY, B. RIEGEL .
Communication au Transient Two Phase Flow Meeting

TORONTO (3=4 aoiit 1976)

~ "Etude générale de 1'instrumentation destinée 3 la boucle PHEBUS"
Note technique DSN/SES n° 12/77

~ "Determination of mass flow rate and: quality using a venturi and a turbine
meter"
R. FRANCK et J. MAZARS
European two phase flow - june 77, GRENOBLE

- "Determination of mass flow rate and quality using a turbine meter and a
venturi”
R. FRANCK, J. MAZARS et R. RICQUE
Conference on heat transfer and heat flow in water reactor safety
MANCHESTER, Sept. 77

- "Expérience CANON : Dépressurisation d'une capacité en double ‘phase :
eau-vapeur" i
B. RIEGEL : Note TT 547, Avril 77

- "Contribution 8 1'étude de la décompression d'une capacité.
B. RIEGEL .
Thése de Docteur Ingénieur de 1'Université& de GRENOBLE, Juin 78

iJ
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TITRE : . . Pays
' _ FRANCE
MODELISATION DE POMPES PRIMAIRES P.W.R. EN
DOUBLE PHASE ‘ . _ Organisme Dirasccteuz
: - ) ' CEA/DgCS
TITLE (Anglais) : . Organisme exdcuzaur
N ClE.A.
Modeling of P.W.R. prlmary pumps : DRE/STRE-
(two phase flow) '
Raspousable
Date de démarrage . Etac accuel _ ScientiZiques
1976 - -| En Cours
Date d'achévemeac . Dernidre misa 3 jour -
12/1980 . 01/1979

i. OBJECTIF GENERAL

Etude du comportement des'pompes primaires pendant 1'accident de
perte de caloporteur dans les réacteurs 3 eau pressurisée.

Développement d'un module de pompe en double phase dans le cadre
du systéme POSEIDON.

2. OBJECTIFS PARTICULIERS

-

2.1 - antribution au développement du modaéle de 1'EDF - sous-
programne de CpﬁSTERE - par l'interprétation des essais EVA]

2.2 - Développement d"un modéle simplifié.

3. INSTALLATIONS EXPERIMENTALES ET PROGRAMMES

Néant.
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ObJectlf 2.1 -

Objectif 2.2.~-

:eh écoulement diphasique

Aprés 1'établissement d'un.jeu de donnees géomé -~
triques caractérisant un trajet fluide "moyen"
dans la pompe de type 93A des essais EVA, le code
a 8té.recalé en simple phase sur les caractéristi-
ques expérimentales - hauteﬁr manométrique et cou-
ple hydraulique =~ |

Dans le ﬁremier quadrant le'recalage pour la_pompe
93A n' ‘est pas trés satisfaisant. De plus, le reca-
lage du Zéme quadrant (débit 1nverse, rotation’ d1—
recte) se heurte _encore 2 des 'difficultés fonda-
mentales. _

Des'comparéisons calcui-expérience_ont été faites,

"~ calculs ay débit volumique nominal et pour des

taux de vide variant de 0 & 100% avec la dernidre
version du code transmise par 1'EDF au STRE
- études de sen51b111te.

I1 apparalt nettement, aussi bien pour la hauteur
que pour le couple, que le code ne rend pas compte
de

- l'effet de compressxb111té dans les faibles taux

de vide, — . i
- la dégradation 1mportante dans les forts taux de

vide.
¢
Des études de 1'EPRI ainsi que de récentes études

® e . ~

de sensibilité réalisées par Westlnqhouse pour
1'établissement de son mod@le ont mis en é&vidence
1'importance fondamentale de la séparation des
phases et du glissement dans la pompe pour 1'ex- )
plication de la dégradation des caractéristiques.
Le code de 1'EDF utilise, rappelons-le; un modéle
d'écoulement homog&ne sans glissement.’

Compte-tenu des difficultés décrites éi-dessus, la
décision a &té prise d'engager une €tude sur une
modélisation simplifiée.
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vl

1 - Formulatlon du modé&le simplifié

Ce modéle sera ponctuel ou multiponctuel.'Par contre 1'inté-
"T8t 'sera focalisé sur les aspects essentlels : séparation des
_phases, glissement ... :

Début de cette tdche : janviér 1979.° ‘

2 - Qualification de ce ‘'mod&le sur des essais

: EVA, EPOPEE

6.IELKﬁKWS!WECIPAUTM%?EHHES

Cette étude rentre dans le cadre général de 1'étude n°® 145-1-02 :
"developpement de mod&les et codes de calcul de 22me génératlon

—~4pour-1‘étude de 1° accident de perte de caloporteur dang les réac-
teurs -d eau préssurlsée': programme général coordonné".







N

¢ -A849 _

b

145-1-12 ’ 1-1-2

TITRES ’ Pays

DEVELOPPEMENT DU CODE OMNIBUS POUR L'ETUDE DES FRANCE
PETITES BRECHES DANS LE CIRCUIT PRIMAIRE D'UN

REACTEUR A EAU PRESSURISEE ET LES ATWS

Organisme Diracteur

- ) ' CEA/DgCS
TITLE (Anglais) . Organisme exdcutaur
. ‘ : C.E.A.
OMNIBUS cdde development for small breaks and DRE/STRE
ATWS studies
Respousabla
Date de démarrage Etac actuel . Scieactiiiques
1978 . En Cours
Date d'achévemenr . Dernidre mise 3 jour -
12/1980 01/1979

1. OBJECTIT GENERL

Développement d'un code pour calculer 1'écdulement monodimension-

nel vertical d'un fluide diphasique avec apparition de niveau li-
bre.

2. OBJECTIFS PARTICULIERS

- -
.

2.1 « Mise au point d'un module pour petites bréches dans le ca-
dre du systéme POSEIDON.

2.2 - Utilisation du.code, en liaison avec le code SIRENE, pour
‘l'analyse des ATWS.

3. INSTALLATIONS EXPERIMENTALES ET PROGRAMMES

Néant.
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4. ETAT D'AVANCEMENT

" Un module de calcul pour un canal vertical avec conditions aux
limites imposées a été réalisé. Il comprend

-~

- un modéle d'écoulement 3 quatre’ équations, avec déséquilibre
thermodynamique de~ia phase liquide et écart de vitesse entre
les phases liquide et vapéur, ' )

- une méthode de résolution numérique implicite-explicite,

- deux corrélations 2 ajﬁstef sur des expériences : 1l'une pour
1'écart de vitesse,‘l'autre pour l'entrainement des gouttelet-
tes d'eau en aval de la surface libre.

Une série de calculs en régime perménent, sans entrainehentbde
gouttelettes, a permis de faire une premi&re vérification du mo-
déle (référence 7.1). . '
Le régiﬁe trénéjtoiré.sera testé prochainement sur 1'irdstallation »
expérimentale TAPIOCA. . ‘ )

5. PROCHAINES ETAPES

~ Adaptation du module au systgme POSEIDON.
- Etude de certains ATWS, en liaison avec le code .SIRENE.

6. RELATIONS AVEC D'AUTRES ETUDES

. L'objectif 2.1 rentre dans le cadre généra. de 1'étude n° 145-
1-02 : "développement de modéles et codes de calcul de.2&me gé-
nération pour 1'étude de l'accident de perte de caloporteur danc
les réacteurs a3 eau préssurisée : programme général coordonné".

. L'objectif 2.2 rentre dans le cadre de 1'étude n° 146-1-01
"développement de moyens de calcul nécessaires 3 1'étude des
transitoires anormaux sur les réacteurs PWR',
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7. DOCUMENTS DE REFERENCE

7.1 - "Etudes de dépressurisation par petites bréches - Code de

7.2

calcul OMNIBUS™

I. SZABO, D. MENESSIER, D. ABRAMSON, M. FAJEAU _
Rapport DRE/STRE/LET 78/005 ~ Présentation au séminaire
franco-soviétique (Moscou : du 28.01 au 07.02.1978)..

""MINIBUS - Module de calcul d'un €coulement eau vapeur dans

un canal vertical avec apparition éventuelle d'une surface

libre"

I. SZABO, M. MALAMAS _

Rapport commun CEA - DRE/STRE/LET 78/126
' CISI- LOG/MED/n° 135
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145-1-03 ' ' [=1-2

TITRE Pays

Thermohydraulique du LOCA. FRANCE

Etude des débits critiques en double phasé : , .
Programmes MOBY-DICK et SUPER MOBY-DICK. Organisme Directeur
J CEA/DgCS - EDF/SEPTEN

!

TITLE (Anglais) Organisme exécuteur

LOCA thermohydraulics. CEA/DICE/STT

Critical two phase flow studles : MOBY-DICK and (GRENOBLE)
SUPER MOBY-DICK prOJects. Rasponsable
Date de démarrage Etat actuel Scientifiques
01/01/72 . en cours
Date d'achévement Derniére mise 3 jour
31/12/80 01/79

1. OBJECTIF GENERAL

Développer et qualifier des mod&les. d'écoulement en double phase 3 partir
d'expériences analytiques oll les déséquilibres entre phases sont importants.

2 = OBJECTIFS PARTICULIERS

Etudier la cinétique de vaporisation en écoulement double phase & fort
gradient de pression. Réaliser des débits critiques dans des conditions et
des géométries variables.

3 - INSTALLATIONS EXPERIMENTALES ET PROGRAMME

MOBY-DICK : Boucle dans laquelle est réalisée un mélange double phase par
auto-vaporisation. Plusieurs géométries de section d'essai sont prévues :

»
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1) Tube de section de 20 mm ID, terminé par un divergent de 7 degrés.

2) Tube de section de 14 mm 1D, terminé par un divergent de 7 degrés,

3) Tube de section de 14 mm ID, terminé par un divergent de 7 degrés ;
essali en eau-azote.

Ces essais sont réalisés 3 basse pression et d faible titre (P <7 bars,
X <2 2). '
La boucle a été modifiée afin d'atteindre des titres plus élevés.

SUPER MOBY-DICK : Méme type d'expérience mais & des niveaux de pressxon
pouvant aller jusqu'd 100 bars.

ETAT DE L'ETUDE

&
'

Avancement 3 ce jour

MOBY-DICK : La campagne d'essais eau-air a &té terminée en janvier 78.

Ra %ort final en cours d'édition.
R MOBY-DICK :
Un retard dans la livraison de la pompe ne permettra les premiers

essais qu'en mars 79.

5 - PROCHAINES ETAPES

SUPER MOBY-DICK : Les essais eau=-vapeur pour 50 <P <100 bars sur un
canal de 20 mm avec divergent se dérouleront jusqu'en décembre 79,
Ensuite des essais sur un canal de 20mm avec &largissement brusque
sont prévus.,

6 - RELATION AVEC D'AUTRES ETUDES

MARVIKEN C.F.T. : Expérience suédoise de débit critique pour des sectiong
de bréches importantes (200 3 500 mm). (voir fiche 145-1-10)

REBECA : Etude de débits critiques d'un mélange & 3 composants :
eau, air, vapeur. (voir fiche 145-1-09)

7 - DOCUMENTS DE REFERENCE

"Contribution & 1'étude de débits critiques en &coulement diphasique

eau-vapeur"
M. REOCREUX ~ Thése de l'Université de GRENOBLE, 1974

"Etudes experimentales de débits critiques en &coulement diphasique

eau-vapeur'
M. GUIZOUARN - Note DTCE~STT 501, décembre 1975.
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TITPE

Thermohydraulique du LOCA,
Etude de la phase dépressurisation d'um réacteur
i eau pressurisdée : Programme OMECA.

Pays
FRANCE

Organiswme Directeur

CEA/DgCS
" EDF/SEPTEN
TITLE (Anglais) Organisme exécuteur
LOCA thermohydraulics. : ?gﬁégggi;?TT
P.W.R. Blowdown studies : OMEGA Project .
Respounsable
Date de démarrage Etat actuel Scientifiques

01/01/72

en cours

Date d'achévement
31/12/82

-

Derniéze mise 3 jour
1/79

I. OBJECTIF GENERAL

Etude des transferts de chaleur durant la phase de dépressurisation d'un
réacteur & eau pressurisée afin d'établir des corrélations d'échanges de
chaleur et de flux critiques.

2., OBJECTIFS PARTICULIERS

Développer des modéles physiques pour 1l'interprétation des expériences :
étude des corrélations de RELAP 4, ainsi que des modéles d'é&coulement,
validation de modéles physiques pour les codes 2éme génération.

3. INSTALLATIONS EXPERIMENTALES ET PROGRAMME

- Boucle OMEGA : Pression 170 bars, débit max. 20 kg/s, puissance 4,5 MW,
~ Dépressurisation d'une section d'essais tubulaire puis d'une grappe 36
+ barreaux :
1) Section tubulaire de 12 mm de diamétre et3mé65 de long avec un flux
axial uniforme ; taille de bré&che : 50 et 15 mm2 : bréche amont, aval,
et aux deux extrémités,.

2) Assemblage de 36 barreaux combustible type 17 x 17 de 3m65 de long avec
un flux cosinus ; taille de bréche : 4 cm2 (amont, et aux deux extré-
mités).

-CANON : Dépressurisation d'une section tubulaire de 100 mm de
diamétre et 4 m de long, 3 partir d'une pression de 30 bars.

e

i
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- SUPER-CANON : Méme expérience pour une pression initiale de 150 bars,

-DEDIF : Développemeut d'instrumentation pour &coulement diphasique.

ETAT DE L'ETUDE

-

1) Avancement 3 ce jour

Campagne d'essais de dépressurisation OMEGA sur section tubulaire terminée,
Dépressurisation sur CANON 30 bars terminée.

Campagne préliminaire d'essais 36 barreaux de 3,65 m de longueur, flux
cosinus, terminée,

Campagne super Canon 155 bars terminée.

Deuxiéme campagne d'essai de dépressurisation sur section tubulaire avec
mesures améliorées et changement de volume des capacités,

2) Résultats essemtiels

Mise au point de mesure de taux de vide par neutronographie. Test du code
BERTHA sur les dépressurisations CANON. Etalonnage des débitmdtres pour
€coulement diphasique pour des pressions supérieures & 40 bars et &tablis-
semént de la procédure de dépouillement des indications de ces débitmétres
lors de la dépressurisation.

Détermination des coefficients d'échange i partir du calcul inverse de
conduction,

PROCHAINES ETAPES

28me canpagne d'essais 36 barreaux (2éme semestre 79)

Dépouillement des essais avec le mod&le 3 6 &quations

DOCUMENTS DE REFERENCE

- " Dépressurisation d'une capacité en double phase - installation CANON ",
B. RIEGEL, A. MARECHAL, JC ROUSSEAU -~ Note DTCE-STT 490.

- " Void Fraction Measurements during Blowdown by Neutron Absorption or
Scattering "
JC ROUSSEAU, J. GERNY, B. RIEGEL - Meeting OCDE, TORONTO, august 3-4 1976.

- " Code BERTHA - Application aux expériences CANON "
JC ROUSSEAU, G. BOUDSOCQ, A. MARECHAL, B. RIEGEL, M, SCHALL =~
Note DTC~STT 491.

-"Dépressurisation d'un sous-ensemble du circuit OMEGA comprenant une settion._

d'essais chauffante tubulaire " P

R. RICQUE et al - Note DTCE-STT 146 (Sept. 77).

-"OMEGA : Dépressurisations adiabatiques. Analyse par le code’ RELAP 4"
M. MEZZA - Note SETSSR 77/193.

- Depoulllement de la premiére campagne d'essais de "décompressxon tube"
sur la boucle OMEGA.
par M. BONNETON - Note DTCE- STT n® 580 (aolit 78)

- Dépressurisation @'un sous-engsemble du circuit OMEGA comprenant une grappe
chauffante 3 36 barreaux .
. Description du dispositif expérimental

. J.

S

L




. Présentation des résultats experlmentaux
par R. FRANK, R. RICQUE R. BOURGINE, G. COULON J. LAMBERT
rapport DTCE—STT n° 152 (Sept. 78)

- Contribution & 1'étude de 1la décompression d'une capacité.
B.. RIEGEL - Thése de Docteur Ing. de 1'Université de Grenoble - Juin 1978

- Super—CANON Experiments
2nd Specialist on transient! two phase flow OCDE Meeting Paris Junel978
J.C. ROUSSEAU







-~ %08 ~

145-1 = 10 ' | : 1.1.2

Pays
SUEDE

‘Titre

MARVIKEN CFT

Organisme directeur
PAYS NORDIQUES

USA (N.R.C. + EPRI)
FRANCE (CEA+ EDF)
DAY BAS (D
Organisme exdcuteur

v MARVIKEN ~ SUEDE

(Etude de débits critiques)

Titre (anglais)

MARVIKEN CRITICAL FLOW TESTS

Responsablesfrangais'
J. PELCE (CEA/DSN)
J. AZAM (EDFSEPTEN)

Jate de "~ | Etat actuel . Scientifiques frangais

démarrage ' 1/01/77 en cours M. REOCREUX (CEA/DSN)

G. HOUDAYER (EDF/SEPTEN

Date prévue Deraiére mise
d'achévement |/07/79 aiapur 1/78

| = Objectif général :

1) Etude des débits critiques dans le cas des réacteurs i eau ordinaire.

\

' - Objectifs particuliers :. .
\

2) La particularitéd des essais MARVIKEN réside dans l'étude des ruptures de
grosses sections, ce qui n'est jamais le cas dans les installatiomns expéri-
mentales. Les sections de fuite &tudiées seront : 200, 300 et 500 mm de
diamétre. ‘ »

} = Installations expérimentales et programme :

On utilise pour l'expérience, le réacteur désaffects de MARVIKEN (Suéde). La
cuve du réacteur est remplie sous pression. La brache est située au bas de la
cuve. Les paramétres &tudiés sont ¢ '

nt;/
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- pression 3 la bréche (30,40 et 50 bars)
diamétre de la bréche (20,30 et 50 cm)

- sous-saturation de l'eau (5,15 et 30°C)
rapport L/D (L longdeur de la section d'essai, D diamétre de la bréche
o, 1, 2,5 et 3) .

Le programme a été défini lors d'ume réunion d'experts qui'd'est tenue 3
MARVIKEN en avril 1976, La durée des essais est de 18 mois..

.

L'accord concernant les essais a 8té signé par :

Les Pays Nordiques (Sudde, Danemark, Norvége, Finlande)
Les USA (NRC + EPRI) - |

La Fraance {(CEA + EDF)
Les Pays Bas (KEMA) : o | .

.!‘

}

La participation frangaise est de 207 du cofit total répartis &galement entre
CEA et EDF. | ‘

Etat de 1l'étude :

La phase de modification de l'installation et de mise au'point est terminée et .la
période des essais proprement dits a d&butd (durde prévue : jusqu'au 1/7/79)

Relation avec d4'autres &tudes :

Issais de débits critiques réalisés em FRANCZ : MOBY DICK, SUPER MOBY DIC..
Méthodes analytiques d'interprétation. ‘ R
N.B. : 1l'interprétation des essais ne fait pas partie de 1'accord.

/4
- s . B
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Profiles

Influence on DNB of Subchannel Obstructions and Rod
Bowings in BWR Bundles with Non-Uniform Heat Flux

CLASSTFICATION:
101'2
TITLE (ORIGINAL LANGUAGE): COUNTRY :
p . C A - ITALY
Influenza di ostruzioni e di piegamento di bvarre
;?Run fascio a flusso termico disuniforme di tipo SPONSOR :
' CeN.E.N»
TITLE (ENGLISH LANGUAGE): ORGANISATTION:
CaN.E.N,

PROJFCT LEADER:

In progress

July 1979°

G. PALAZZI

INITIATED: " | COMPLETED: SCIENTTSTS
April 1976 |

STATUS : LAST UPDATING:

1) General aim
2) Particular objectives
3) Experimental facility

!

4) Project status

5) Next steps

6) Degree of availability

45,897

Experimental study for determination of
effect of fuel bundle distortions in
faulty conditions.

The influence of single subchannel
obstructions and rod bowings in a 4 rods
(freon cooled) bundle will be tested,
The experiment has been carried out on
Casaccia CF2 loop (power 260 kW; mass
flow-rate 10 t/h)

After 106 runs without obstructions, a
complete series of burn-~out tests have
been performed with different kinds of
blockagese.The blocked area varies from
40% to 80%, Besides rod bowing of Xhe
bundle has been tested. More than 200

.runs are avaible,

Analysié of the DNB phenomens through the
main parameters.

FPree

Contact person:

G. Palazzi, CNEN, CSN Casaccia, CP 2400,
I-00100 ROMA
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CLASSIFICATION:
1.1.2
TITLE (ORIGINAL LANGUAGE): STUDIO DELL'EFFLUSSO COUNTRY :
CRITICO BIFASE IN CONNESSIONE CON II, LOCA NEI . TPATY
REATTORI AD ACQUA LEGGERA :
SPONSOR ¢

UNIVERSITA® PA LERM®
TITLE (ENGLISH LANGUAGE):STUDIES ON TWO-PHASE CRI~- | ORGANISATION:
TICAL FLOW IN CONNECTION WITH LOCA IN LIGHT WATER PMNLVERSITA' PALERMO

REACTORS PROJECT LEADER:
_ ELIO OLIVERI
INITIATED: COMPLETED: * | SCTENTISTS:
1976 1. F, CASTIGLIA
STATUS: LAST UPDATING: G, VELIA
IN PROGRESS July 1979
X

ISTITUTO-DI APPLICAZIONT E IMPIANTI NUCLEARI

DESCRIPTION 3

The program has been set up with the aim of developing - from basic
principles avoiding the use of correlations that are restricted to =
particular test conditions -~ & theoretical model for the prediction of
steam / water critical pressure and critical flow rate in terms of
upstream stagnation properties,

A theoretical model, which allows to evaluate both- critical flow
rate and critical conditions in ducts with friction and adiabatic
walls, has been proposed (Refe 3)o This model was based on the assum-
ption of a purely anmular motion, without accounting for the entraine
ment phenomenon , Ruther studies will be therefore run in orxrder to
extend the theoretical model to the above-mentioned phenomenon,

REFERENCE DOCUMENTS ¢

l- F, CASTIGLIA -~ E, OLIVERI - G, VELILA ,
Sulla determinazione della. portata nelltefflusso critico bifase,
ACCADEMIA DI SCIENZE LETTERE E ARTI DI PALERMO- serie IV
Vol, XXXV= 1975~76= parte I o '

2= F, CASTIGLIA - By OLIVERI = Gy VELLA
Un programma in BASIC per il calcolo delle proprieta’ termodina-
miche dell'acqua, ACCADEMIA DI SCIENZE LETTERE E ARTI DI PALERMO
Febbreaio 1979, .

3~ Fs CASTIGLIA - E, OLIVERI = Go VELLA
Sull' efflusso critico di miscele bifasi monocomponentl. ‘

- ENERGIA NUCLEARE = Vole 26 = ne 4 = Aprile 1979,

. (Istituto Applicazioni ed Impianti Nucleari, Universita,
45,897 Parco d'Orleans, I-90128 Palermo)
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( CLASSINICATION:
1.1.2
TITLY (ORIGINAL LANGUAGE): COUNTRY s
Italy .
Esperienze di scambio termico in condizioni stazionarie ,
di post-crisi in gcometria BWR 4x4 SPONSOR:
' NUCLITAL
TITLE (ENGLISH LANGUAGE):' 4 ORGANISATION:
NUCLITAL/CISE

Steady-state post-dryout experiments in 4x4 BWR
geometry PROJECT LEADER:

. Gaspari (NUC)

INITIATED: COMPLETED: SCIENTISTS:
January 1978 A. Azzalin (CISE)
E. Giammari (NUC)
STATUS: LAST UPDATING: C. Medich (CISE)
In progress June 1979

General Aim

Verification of the applicability of the available post-dryout correlations to complex
geometries, t

Particular Objectives

In addition to the general aim at the previous point, these experiments are in order
to overhaul the experimental techniques and procedures to be used in future pro-
grams in véry complex test sections (8x8),

Experimental Facilities and Programme

The experiments have been carried out on the CISE TETI-4 loop.
The following conditions have been mvestlgated

- pressure: 50-70 bar

- specific mass flowrate: 250-1000 kg/m s

- inlet quality: + 5+ 60%

- wall temperature: up to 700 °C,

Project Status .

The experiments have been completed in May 1978, Preliminary analysis of data
has been performed.

Next Steps
The analysis completion has been delayed up to 1980 spring (see below).

Relation with Other Projects

When the post-dryout data planned in tubular geometry will be available (end of
1979) present data will be reviewed, in order to determine the relation between
simple and complex situations.,

2. 897
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TITLE (ENGLISH LANGUAGE): _ CLASSIFICATION :

Steady~state post-dryout experiments in 4x4 1.1.2
BWIR geometry B coe

Reference Documents

A. Azzalin, C. Medich, O, Vescovi, "Trasmissione del calore in condizione di

parete asciutta nel fascio BWR 4x4 con distribuzione assiale di flusso disuni-
forme'", CISE NT-78-064,

\ .

Degree of Availability

Proprietary.

G.P. Gaspari, Nuclital, V. G. D'Annunzio 113, 1-16121 Genova, "
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CLASSIFICATION:

1.1.2
TITLE (ORIGINAL LANGUAGE): COUNTRY :
Esperienze di scambio termico in condizioni di post-crisi . Italy
in geom etrlla tubolare, SPONSOR :
_ NUCLITAL
TITLE (ENGLISH LANGUAGE): ORGANISATION:
NUCLITAL/CISE

Post-dryout experiments in tubular geometry

PROJECT LEADER:

¢ G.P, Gaspari (NUC)
INITIATED: COMPLETED: SCTENTISTS
January 1979 E, Giammari (NUC)
' R. Granzini (CISE)
S: AST UPDATING:
STATU L ATING: . R. Martini (CISE)
In progress June 1979 G. Barzoni (CISE)

General Aim

Verification and development of post-dryout heat transfer correlations applicable
to transient analysis.

Particular Objectives

Obtaining experimental data mainly in steady-state conditions (but also transient

experiments are planned) using a particular tubular test section axially subdivided
in two parts indipendently heated. This in order to obtain conditions (f, T, X) not
obtainable in usual steady-state experiments, and representative of the behaviour
during LOCA transients,

Experimental Facilities and Programme

The ex-periments will be carried out on the CISE IETI-1 loop.
The following test conditions will be investigated:

- pressure: 30-70 bar

specific mass flowrate: 125-1000 kg/ m s

outlet quality: up to superheated steam

wall temperature: up to 800 °C,

Project Status

The test section, which is particularly instrumented, is completed and tests are
under commissioning,
Next Steps

The experiments are planned in the 1979 second half. The analysis completion is
scheduled in December 1979,

k50897
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TITLE (ENGLISH LANGUAGE) : CLASSIFICATION :

Post-dryout experiments in tubular geometry 1.1.2

Relation with Other Projects

The data will be compared with those obtained in 4x4 geometry, in order to
determine the relation between simple and complex situations,

Reference Documents

G. Barzoni, R, Martini, "Procedure sperimentali e di elaborazione dati prove
ultracrisi NUCLITAL"Y, Promemoria DTN/79/SAT/007.

Degree of Availability

When available the data will be probably published.’
G.P. Gaspari, Nuclital, V. G. D'Annunzm 113, I-16121 Genova.
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CLASSIFICATION:
1.1.1,1.1.2,1.1.4,1.2,7..

Y g

TITLE (ORIGINAL LANGUAGE): ‘ COUNTRY ¢ , ’
‘Analisi dei transitori termici ed idraulici a segui ITALY
to di LOCA nei recattori ad acqua leggera e nei si- _
stemi di contenimento associati. SPONSOR: -
CNEN and CNR.
TITLE (ENGLISH LANGUAGE): ORGANISATION:

‘ . e b3
Analysis of thermil and hydraulic transients follo- University of Pisa

wing a LOCA in L.,Ww. reactors and in associated con
tainment systems.

PROJECT LEADER:
N. CER!ILLIO

INITIATED: . COMPLETED: SCIENTISTS:
1974 . 1980 ' F. ORIOLO
STATUS: | | LAST UPDATING: G MET
. in progress ' . Ma; 1979 G. CECCARELLI
i o G. BITETTI

S
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- ‘ ‘ A CLASSIFICATION:
: 1.1.1,-1.1.2

TITLE (ORIGINAL LANGUAGE): COUNTRY :
ITALY

Programma P.I.Pc.R. - Esperienze di blow-down da
un recipiente in pressione dotato'di strutture

interne ' SPONSOR :
| CNEN and CNR
TITLE (ENGLISH LANGUAGE): ~ ORGANISATION:

Rlow-down experiments by PIPER apparatus with inter | University of Pisa

Jal structures. \ PROJFCT LFADER :

Piero VIGNI

INITIATLD (second phase) COMPLETED: (Second phasc) SCIENTISTS:
1975 1980 Umberto ROSA

STATUS : [ LasT UPDATING FranCésco D'AURIA
in progress May 1979
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ENERGIEONDERZOEK CENTRUM NEDERLAND CLASSIFICATION : 1.1.2

TITLE : COUNTRY: THE NETHERLANDS

-

CHARME: Een computerprogramma ter bestudering SPONSOR :ECN
van uitstroming '

/
ORGANIZATION : ECN

TITLE (ENGLISH LANGUAGE):

PROJECTLEADER :

CHARME: A computer program to study blowdown Speelman, J.E.

SCIENTISTS :
INITIATED : April 1976 LAST UPDATING : July 1979 Putten, A.P.W.M. van der
- Bogaqrd, J.P.A. van den
STATUS  : progressing | cOMPLETED . 1980 Koning, H.
’

General aim

Development of a computer code to study the blowdown-process.

Particular objectives

CHARME solves a set of partial differential equations describing the conservation
of mass, energy and momentum in a tube as a finction of axial coordinate and time,
using the method of characteristics. Notably the pressure, temperature, velocity
and void fraction are calculated as function of time and of axial coordinate in-
cluding the transition to supersonic velocities. The model also includes pressure
losses due to friction. A special subroutine has been developed to calculate the
fluid parameters in the jet arising after the system opening. This jet model is
necessary for the cases in which the blowdown process proceeds with subcritical
velocities.

Experimental facilities and program: Not foreseen

Project status

A first model has been developed for the jet; CHARME calculations have been veri-
fied on basis of experimental results, performed by others, with encouraging
agreement. 4 .

The code has been updated, especially the subroutine in which the fluid properties
are calculated. o

Next steps

Improvement of the jet subroutine. A sensitivety study will he performed with re-
gard to slip and non-equilibrium effects between two phases.

Relation with other projects

Usable to check gross models in other thermo-hydraulic blowdown computer codes.

Reference documents

J.P.A. v.d. Bogaard, H..Koning, A.P.W.M. v.d. Putten: CHARME, A time and space
dependent model to predict the discharge rate of single and two-phase fluids
through pipes. 4

NEA-CSNI: Specialist's meeting on transient two-phase flow, Toronto, 3rd-4th
August, 1976. :

Degree of availability: Upon.mutual agreement at ECN-Petten

Budget: -

Personnel: ‘ : , K
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ENERGIEONDERZOEK CENTRUM NEDERLAND (ECN) CLASSIFICATION : 1.1.2

TITLE : ~ * COUNTRY: THE NETHERLANDS

SPONSOR ; ECN

Reflood experimenten

ORGANIZATION ;: ECN

TITLE (ENGLISH LANGUAGE):

PROJECTLEADER :

Reflood eriments’
eflood experiments 5.B. van der Molen

: SCIENTISTS :
INITIATED : 1977 LAST UPDATING : May 1978 §.B. van der Molen
' H. Hoogland
STATUS . started COMPLETED . 1980 F.W.B.M. Galjee '

General aim

Study of the reflood and rewetting phenomena in bundles. .

Particular objectives

a) Investigation ofi the heat transfer from high temperature fuel pins in
bundles by radiation to waterdroplets and vapour convection before rewetting.

b) Study of the influence of a temperature profile over a bundle cross-section
on the velocity of the quench front and the cross flow between adjacent
channels. ,

¢) Study of the influence of instabilities in parallel bundles on the velocity
of the rewetting—front.

Experimental facilities and program

a) Testloops for low and high pressure experiments
b) High speed film camera

Project status

Experlments to study the rewetting phenomena by high speed cinematography have

been started in order to study the two phase flow downstream of the queanch front.

First calculations have been made to obtain an order of maenitude of the con=
vective and radiative heattransfer to the dispersed two phase flow.

Next steps '

Development of measuring techniques to determine void fraction and droplet
concentration in the two phase flow, downstream of the quench front.

Relation to other projects: no

Reference documents: ECN-78~064, The entrained droplet and vapour velocity and

the heat transfer in the dispersed flow region in case of
bottom flooding. .

Degree of availability: Through E.C.N, library cthannel
Budget: Hfl, 150.000,-=/yx

Personnel: 3 manyears/yr.

§
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Netherlands Energy Research Foundation (ECN)

cLassiFicaTioN 1 - 1/ 1. 1.2

TITLE :

Hechanisch gedrag van het reactorbinnenwerk tijdens
grote ongelukssituaties .

b

COUNTRY: THE NETHERLANDS

TITLE (ENGLISH LANGUAGE):

Mechanical behaviour of reactor internals durxng'
major accident situations.

SPONSOR :
ECN

ORGANIZATION :
ECN '

PROJECTLEADER ;
L.H. Vons

INITIATED 3 1977 . LAST UPDATING :May 1977

SCIENTISTS : Y
H. van Rij
L.G.J. Janssen

L4 ' . .
STATUS :in progress COMPLETED : 1980 '
[, O S , § e aiies 4, e ey s s
f
v
: ? ,
|l ..’ o+
) .
L . . . -
] v b'l i .
W Coet
' ’ - Yty !
» g »
' . .
)
— ) N
X + \ .
v g
1 ) . - A
‘ A .
! . .
i ! o,
. ¢ N
TR , i
. e e I : :
L [ . oL + ) N
IR kS : < l :
. : i M
. ! . ; . v
" i t I3
N [ A". .0 [l
Y ¢
!
A" ._ 8 ; .
N Ly o / e
I L . '
. v s . 6‘
-, y'.‘ B 4
: ; A
" ' - o ) .
: : TR v ' :
X R R : v
/ o D ;-' ] . e
' . Lt B ¢
R N R .
l ' - T t
S LR 1
¢ . RORTE . Wl
N S « 1 t .
b o o IRy AR
N o
B " - ', R L l‘i,‘ "-' . ; ! . .
" : . RS . st
: . ', X ‘ NN .
. N LS 3
, : Lo ]
L , : Y 1 i
S A .
[ i : 4
. e i ; 1
R v .
. S v P
"y ; . El e i . \
'.‘ A — - i e
- i : . *
1 PR : LY Ll ‘ .
i v T, . ' + "
‘ r‘”.',_,"_ A ':' » .
l 'ﬁ?“r‘ H
heg- . ot ]






CLASSIFICATION:

| i ‘ . 101:2y 1413, 1ehb, 10102
TITLE (ORIGINAL LANGUAGE): . o COUNTRY :

UK
LOCA UNCERTAINTY MARGINS (GSD4.2)

o . SPONSOR :
. "UKAEA

TITLE (ENGLISH LANGUAGE): : . | ORGANISATION:

'

) - 5  SRD/UKAEA
| ,\ I ‘ : PROJECT LEADER:
o Lo RVH McMILLAN

INITIATED: , | COMPLETED: | SCIENTISTS fencIveer
DECEMBER 1978 . .

. . ; AA DEBENHAM
S TATUS: E .LAST UPDATING: o '
. , - MAY 1979 , ' '

BACKGROUND

rd

Currently the US NRC specifies that I.OCA analyses must be carried out us:mg 'ovaluation models® with supposedly pessmustio
dats and assumptions (Ref 1). - However there is considerable natzonal and international activity in the development of
'best entimate' analytical methods. Introduction of such methods requu'es the estiration of uncertainty margins so that
ndequnte conservatism can be demonstrated in the application of the results. Additionally with the increasiny tendency
townrds frequency/connequence forms of snfety .)untxl‘wnhon. allovanten for onlculatmnal and llnu ungertaintion uunt bo
(uantiried for socident soquences other than the deaig: basis accidents

A provruime of work is proposed to estmato uncertainty marzins to be . spplied to Lwt analyses based on the tollovmgs- ‘
(s) .differences between integru experimental data end prodzctions. e _ ' o K
(b) sensitivity studies using RELAP or other ocaloulatiocnal mthods,

(c) consideration of residual ungertnintids.

ORJECTIVES

A
a

/ Rovicw all available oxpenmenfal dats on LOCA integral experiments and comparisons with' prediotigns. . Identify

modelling improvements which have lead to s:.g:ifioant improvements in prediotive capabih.ty, end modellmg aspects,
which reqmre further inprovanentu B

e Lint, uy 6 RELAP 4 Mod 6 model of the LON.' nuolou blovdovn mmey. Carry out- msitivity ntudieu to try to identify
sources of incertainty in predictions, - ' -

%. Make initial review of moertainty marging applieablo to eomorci.al m Loca’ ana].ysis. . ' .
FACILITIES : ‘ *' A

Anulytical codes
KELAP TRAC FRAP

INTERWATIONAL COLLABORATION = .-~ oo o 0 oo

USHRC Water Reastor Safety Reswuh : LRI s L C “‘-‘
ISPRA Lo e . S e

. L Lot Oy
' . I oA A " .

N . B E RS .
' A i ! 3 .

REFEHENCE DOCUMENT -

1.. 10 CFR %0 N

et ) LY

wy,







, |CLASSIFICATON:
_ ‘ . , , o 1.4.2, 1.2
TITLE (ORIGINAL LANGUAGE): - -~ ° . . |COUNTRY:
' UK
WATER COOLED REACTOR DEPRESSURIZATION STUDIES e
CONI STANDARD PROBLEM CALCULATIONS FOR ECCS. , SPONSOR:
TITLE (ENGLISH LANGUAGE): - S ORGANISATION:
- SRD/UKAEA
| PROJFCT LFEADER:
2 * G M JORDAN
INITIATED:. ' COMPLETED: . SCIENTISTS:
1974 '
' ‘ A A DEBENHAM
STATUS: ° | LAST UPDATING:
Continuing . ‘ 5 MAY 1979

1o CENERAL AIM ' ,
To ingrove the understanding ot the sequence of events following a loss ot coolant acoment on a vatel' cooled reactor,

and to study the erfecuveness of emergensy oore ooolmg systemse

2o P}TIQULAR ORJECTIVES '

'

To ;erform comput or calculations of egreed test prdblm and to disouss mputor ¢ode shortoomings nt special meetings
oryvrm.aied under the auspices of the CSNI.

3« PHOJECT STATUS

To dnte six problem caloulations have been carried oute Iwo more sre currently being examined.
L. FUTURE WORK '

CSNI meetings identify outstanding problem areas in the LOCA/ECCS field and try to select suitable experimental work for
comparisonse Pre-predictions of a LOFT nuclear test ha$ been suggested ss a future problem. - -

Ve o R
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TLILE Water Cooled Reactor Lono of Coolsant Aceident CLASSIPFICATION
SLutdioey : ' ‘
l.1.2
COUNTRY SPONSOR ‘ ORGANISATION PROJECT LEADER
UKAEA  SRD A. R. EDJARDS
INITIATED . " | COMPLETED ' SCIENTISTS
STATUS - LAST UPDATING
Continuing May 1978 - ' ¢

1« - General Aim

To study the physical limitations in thermal-hydraullc phenomena aGsociated with
the loss of coolant aceident in a water reactor.

2a Purtlculnr ObJectxve . , ' K !

i

To study the basis for heat transfer and fluid flow correlations used in computer
codea which purport to calculate the gequenco of events following a loss-of circuit
integrity of a water cooled reactor. y ‘ ‘

Do -igpnrimnntnl Fncilities and Programme = .

The study makes use of information‘genéraﬁed by“facilitibs.all over the world.

1

4. Programme Status . : : | ) :' .

A tontinuing commitment, to enable SRD to judge the valxdlty of computer code
calculations presentcd for LOCA studxes.-. - .

L.‘






- L3S - .

1 ' H

¢,

Claszcafication

1.1’02
, COUNIRY
Title } o * UNITED FINGDCH
oD SPONGOR  UKAZA
DEPRESSURISATION DISCHARGE RATE SPONGOR  UXazi
i ORCANIZATION
AVRE FOULELSS
Project lLecader
Title 2 roje
A R EDWARDS
Initrated 1968 . Lompleted : Scientigto:
Stuiun : : Lact updating 1976
Descrintion:
1, General Adm .
To enable flows, temperatures and forces to be predicted following
accidential depressurisation of a water reactor through a large break.,
2. Particular Objectives
To establish a wuitable way of calculating theflow in a pipe discharging
to atmoaphere from a broken end. .
3.‘ bxverincntal Facilities
Pipes ol different lengths and diameters are pressurised to PWR/BWR con-
ditions, then allowed to discharge through a rapidly broken bursting disec.
Pressures, flow and voidages are measured, ‘
i
4. . Proijecct Status '

Progress to date: Measurements of trancisnt pressure, temperature and

voidage have been made in three constant diameter pipe systems, each 4m long
and of 32, 73 and 200 mm diameter. In all cases the pipes were initially
completely linuid filled, gererally with 35 bar overpressure, Initial iteme-
peratures corresponding to 35, 70, 105 and 140 bar saturation rressure were
used for two srmaller vives and 35 bar for the largest pipe. Results obtained
may e compared with predictions from depressurisation codes. In adéition, a
linitcd pronremme of work to examine the blowdown of a vessel, through a pipe
into'a containment vessel, has also been carried out to provide data for
checkinz the validity of various critical flow discharge models., These' tests
started {rom %0 bar saturation pressure in the reservoir.
Work has ccntinued to measure transient pressure, teriperature and density
chan~es in steam/water mixtures during the blowdown of an 8 inch diametexr
pipe, 12 4 lonn. These tests incorporate a multi-beam X-ray system to make
2 detailed examination of the cnanging void distribution at one particular
cross section during the blowdown. The report on the first test has now .
been pudbliched., A paper describing the multi beam X-ray system has been
published in the BNES journal. '

~



_reports should be avdilable in 1977. . . ” L

-3~ o

A repeat test has been carricd out and a preliminary examination of the-
results indicates very good agreement with thie previous test results.
The X-ray system has now been moved to the discharpe end of the pipe and

tko final alignment chacks have baen nearly completed., It is nhoped to
carry out two furthexr tests beforo the experimental work was terminated

at the end of March 1975, , ‘ e
Data reduction of a repreaentativo sample of tests is in progress and

Reference Documengg I .i:.'l.‘ 'w}fw’,zﬂ

e

Aldormaston Report AWRn/44/Bo/97 (snn R29)

1 . s - s : .
. : ] 1
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CLASQIFICATIGN
1.1.2

TITLE (ORIGINAL LANGUAGE):

Post dryout heat transfer at‘low quality and low .

prossure (HTH 1.2.1)
‘I

COUNTRY:
UNITED KINGDOM

SPONGOR:

TITLE (FENGLISH LANGUAGE):

ORGANISATION:
IIKAFA  (Harwell)

PROJECT LEADER:

1) Fell (Winfrith)

J B Sayers (Harwell)

THITIATED: . .| COMPLETED:

SCIENTISTS:

A

March 1978 . E ) | 8
STATUS: - "~ | LAST UPDATING:
In progress , March 1979

Backgrndnd

Luring the past two years, an experimental rig and specialqtest sections have been
built at Harwell to measure post=dryout heat transfer to. steam-water'mixtures at .

low quality and low pressure. (1)

Objectives/Programme

.

1. During the year 1978/79. 1t is proposed to use. the rig to . obtain post-dryout'

data over the following range: of conditions:

Mass velocitys . 20-2000 Kg/m’s f;_$ 3? -
Pressure: ' 2-4 bars .
Thermodynamic | o
Quality : 0.1 to +0,3

.— —  Surface o

Temperature: 300-600°C

Upflow and downflow.

4

2. With these data, an attempt will be made to’proddce a new, correlation for .

post-dryout heat transfer in tubes at low qualities.

This correlation should be" 'VA

compatible with existing correlations which deecribe the heat transfer at high

qualities. s o '

3. Experiments will also be performed to exémine rewetting phenomena during
transient cooling tests and an attempt will be made to obtain transition boiling

data.

Facilities

ot

/

74, An existing rig is in.ube at Harwell; additional test sections will be added

: for programme item 3.

Reference Documents

1. Newbold, Ralph and Ward AERE R 8390 (1977). o

v
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CLASSIFICATION:
1.1,2

TITLE (ORIGINAL LANGUAGE): ' COUNTRY :
‘ ' ' UNITED KINGDOM

!

Theoretical modelling of two-phase flow in complex o CAD .
greometries (HTH 2.1.1) ‘ f S PONSOR:

TITLE (ENGLISH LANGUAGE): | “ | ORGANISATION:
SRR UKAFA (Harwell)

PROJFCT LEADER:
J Fell (Winfrith)

J B Sayers (Harwell)

TNITIATED: '| COMPLETED: | SCIENTISTS:
March 1978 -

STATUS: 'LAST UPDATING:
In progress March 1979

Bnckground ‘ ‘

A mathematical model of annular two-phase flow has been developed in which the
" processes of entrainment of liquid droplets from the liquid film into the turbulent
ras flow of the core and their subsequent redeposition at the central features.

This model has been used to calculate dryout in a heated flow in a number of .
situations.

1, Steady state flow in a'round‘tubel

2.  Translent flow in a round‘tube2 ,
3. Steady state flow 1n a rod’ bund1e3 4 )
Objectives ‘

1, To investigate the relevance of previous work on steady state dryout in rod
bundles to the' PWR core geometries,

2. To verify the extension of the analysis and numerical methods for transient
flow to cover pressure transients in a round tube.

3. To extend the work on flow, power ‘and pressure transients in a round tube

to PWR core geometries. ’

4, To extend work from PWR eore geometries to other complex cases such as the
PWR lower plenum,

Programme \ _ o o .
.Objectives 1 and 2 should be completed in 1979 and items‘B and 4 by mid 1981,

/
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" ‘No experimental facilities will be,used}j‘t e R

- Referonce Nocuments | e T - Do :

o 1*'."whqijey,p;u,'nutch;qgonfp and Hevitt G F,(i954); AERE-R7520
o 2,  James P W and Whalley PB (I978)u AERB-R8980 f{‘fo“if?! ,
= 5. Whalley BB (1876)« “ RE—R8319
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Heat transfer=during‘blowdown“'

l1.1.2

Thermal Hydraulics

\

|

COUNTRY UK

UK - NII

SPONSOR

ORGANISATION

; Univ, of Manchesterx

’

- PWR BLOCKAGE EXPERIMENT: An
investigation .into the effocts

on heat transfor of a ro&ion of
swollen fucl ‘eladding causing a

partial flow blockageo in the

core of a Préssurised Wator Reactor
| (PWR)

Project Leador

Prof, W, B. Holl

~v- | Initiated  October 1975

Status

progressing :

J. - T¢ Turner

G. P. Yoannu

|

‘Scientists -,



collsvs
Text Box
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2,

3.

Genernl Aims and DPavhicular Ohiﬁgllch

~heat flux.

Tho ob1cctivo is to prov1de oxperimental dnta to be usaeful
in asscssing the influenco of a regxon of ‘awollen fuel=rod .
cladding on a loss of coolant ocecident in a pressurisoed wato: 1
fréactdr., ”nrt{cularﬁuttontfon will#be'rivcn tofthe tcﬁpornc-'

use changes which mirht ‘ogcur at tho boundarias of the swollon

"region. -Detailed flow and hoat tranofer data w*thin the rod

f

bundle will be obtained from a scalé model and alrflow facility. .

Sxporimental facilitics SR A
: ' . b

‘An airflow rig has been déveloped to permit'tha‘mdaaureﬁent‘of'

.

"

heat transfor and fjnw bebaviour within the fuel rod buﬂdlo.
Tho bundle consists of an 18x18 roctangular array of 12, 7 mm
diamoter rods on a 17 nm pitch and‘a central 7x7 array of
‘swollen rods, Wzthin fhis swol]en reedlon, theie is a 5x5 array ‘

“whic¢h can bo heated eleotriea]ly under condltions of constant
¢ ’ ;
Thermocouples placod on. the heated rods permit‘the measuremont

" of surface temporatures., Instrumgnta%ion has also been devol- .

-

within the rod pundle to bo established Data loge 1ng and
digital computer methoﬂs aro bemng ewployed so that changes
in tho extcnt of tho blockage, the influanco af Reynolds~numbor

and the heat tranafer rates can ba readily atudiod.

prnioc‘h Status . ‘; ' . ’ v, o . ; P

The apparatus is now virtualjy eompleted and muoh of the oomputer
FR . s
sof tware has hoen developed.

It,ig'anticipated‘ﬁhgﬁ-dqtailpd’exper;mental work will eommonéé'

shortly, . Ve WA ;ﬁifnjﬁﬁ,;

L
oped to enable flow velooity and atatie prossuro dzstrzbutions e

/



—~ -
o,

contd,

5.

at tho University. o .

7.

8.

Next stcns' ‘

Examination of experimental data.Long-tefm development of

/ .
a prediction technique yielding heat transfer bohaviour

undor accident conditions.

Relation with dthor projects’ |

Linked to range of research proJeqts on Reactoxr Safoty

]

4 . §

' o ., N .
Reference documdnts ) None

Deptee of availgﬁi;ity

On appliocation %0 the NII when availabls - - . .
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Thowwal Hydraulics

T

’

COUNTRY UK .

sPoNsor UK -~ NII

ORGANISATION

Univ., of Mancheslcer

Tranaition to film boiling inducod by a‘

pressure roeduction

¢

Project J.eadior )

Prof. W. RB. Hall

’

C |
Initiatod

Status: progressing

October 1974

¢

Scientists - -,

WATSON
V. ERS0Z

A,
H.

SV SUPUN. JUP S
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.

§. Geneanl nim

sxporimontal mozisuromonts of hoat transfor from a wire to

wvater during a rapid doprosaurisation: - .o S -.‘_

2.

Partiecular objectives . g ' ) L

The fluid used is water. s%age 1 of the .

program is to depressurise from 20 bar and 180 C to atmoaphere.

Stage 2 is to depressuriso from 150 bar. and 3&0 O.

3.

.Bxperimental facilitics and_programme

'

Stage 1. A prdssure vessol of approi. 1l litre capacity is Titted"
with a platinum wire 0.1 mm diameter; 20 ma long, whioch is heated

at approxihatoly constant uniform heét.flux. A double bursting
. . . ‘ . . '

disc arrangemont is used to achievo'depreésurisatibn from a fixed T
"prossure within the vessel. An intermediate watex filled dhambor'

lies botWoon the prossure veasol and the "atmosphere and is separ- ‘

ated from cach by a bursting ‘disc. ,Increase in pressure in the

. intormediate  chambor causes the discs to burst in sequence, the

4,

e

’

outer one first, 'Transiené'méasurementd of7poﬁer‘fo the, wire, .

wire temparature and pressure are moasured with a high speed

leltal systom,

Stage 2. No npparatus<has:yot been built,
fl ‘ . . l".l ' .

-, . . .
1 Lo . !

Projoct status _ Ll ) ‘

!.
1, Progress to date. The bursting diso teohnique has been dov- o

oIoped. Dopressurlsation times of 1 ne’ haVe boen aohieved ‘using

‘N

ambiont tomperaturo water at 20 bar.~ . _-f' f]f"f‘-‘ T

2, Essontinl results, Nona

+ '

Next stens . oo ...: ._b.‘ 'y_.;:"‘-.‘. . "A-> e h .

L4

cdnéinuation wifhlStagb f., Seleotion of geometry and

initial conditione required for Stage 2. E f I 7", L Lo

L



6. Relalion with athor projects . "
Thermal boundary oonditions liko thooo
of a I'Wit'fuol o]cmont way Lo oimulntod. :
Ref. Simulation of tho tnermal dynamica of a hoa.'bod e'urt'ace (aoch.um oontract)
) ¢ s’ .
' vt N ' . [ ‘ 4
7. Reference documents - ; :
Jonu , ¢ v . ) . -
. v '
" 8., Dorree of nvuiA]nbU.i.jy oo Ce e g S
(. - On opplication to tho NIT whon ovailuble.” St e
./' . ' . “ , A - N . . ..~ ‘ ' . 3 , .
» .o A ) . 2 .
- . . i % .. *
: L] ; ' ) . '
CEE i
“'\ 1 ) a ]
v/. o .
1. Buwil~et ' "._/ : . ' . ,. o ; .
. ' .t . ‘ ) " . A B '—_ ’
£2358 Equipmqht + overheads - @ - ) .
S 4 : : . ' o ‘Totals fars
((- £2260 Roesearch siudent salary ( He 'V, Ersoz), ; 5 ¥roe.
N B . et ' .
o o | ] ' R .
. ¢ . \ . , X \..
2, Tersonnel e ‘ ' S .
. ¢ ' ¢ e ( . y v . . /
o ', Resoarch student - - H, V¥, Eusoz ; ' ' '
Academic staff - Prof, W.B. MHall,  Dr., A, ﬁataonf
. R A o ‘ : - J
Teclinieians e 1, shardd with othes pfojocté._ 
Je Additianal information L S o : o
Timo achodu;aa' Stago 1 PJannod °0mplotion Oot 1976, -
. o Smc.o 2 conaemotion dur:l.ng 1976,
PR | ‘4 L. “ . ' ¢ R
PRReN . . . ’ :l' 0 ‘o ¢
TR Vo .
. . ‘ P ) i .
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L . | COUNTRY UK
' AT |
» . SPONSOR YK ~ NII
' - ORGANISATION

"

Univ. of Manchaestor

]

The Thermal Nymnaml.cas

.
L]

of a Hoated Surfagce .

\ e
4

PROJECT LEADER
Prof. W. B, Hall

Status:

'

Initiated: *+ Octobor 1974 .

,Progrossing

SCIENTISTS '
C. Tye
J.fa. Oyinloye
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1.

2.

3.

4,

ronernl _nim

The developmiont of an 6xporimon€al7tochniqu0 to control the power

1

of* an oloctrically heated sufface a0 that it simulates the

v

behaviour of a reactor fuol oclement, . . °
# !

L]

.

T"n"l'tcu]_m* oh,]nct'lvo‘ ST TN

Simulating . the corrocb boundary conditions on a hoater surfaoc
Tor experimental hoat transfor studiea during deprosaurisation

t | I’ . "' ‘ S “ . , R
and re-wetting.’ o . »

Exporimontal facilitios and programmsg ' 3 ‘ "

A digita) computer operating in real time is ust.to.eimhlato,g
the dyramic behaviour of’a'rqackof fuol eleﬁoqt by numdficul
.solution,of a 6ne dimgnsional time dopendént,heut.cbnductibh,
"oquation, Tho cqmputod surfacé hoat flux. is Ted to a control
systom that roeu]ates ‘tlie power of hedtor (currently a thin
platianum wire). The'surfacc te@perature-of the heater is tﬁoﬁji
'fod back to tho diciﬁallcomqhtor as a boundary coﬁditionvfor
thie solution of tho'éoﬁduqtion equationﬁ 'Using thia-fochﬁfquoi
Tuol clements with a‘widoVQariety[of physical prbperties,
tomporaturo profilos. hoa goneration eto may be simulated t;
prov;do more roalistio houndary cond;tions in. experimantal ‘heat

transfer studies. ﬁ‘

Project Statwa = ij;-“.‘: N

(1) A ‘controd system has been develobed to a¢ouratoly ragulnhe the

* . : B ' X \

B T S T T SR
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(i) contd., .

(1) Essential results None -

5.

ing arcas:

f \
powor in a thin plntifnum strip ox wire and to give stable

operation in convective, nucleate, transifion and Tilm boilin@,
Real time computer simulations'of roactor fuel elements havo

jmplemcentod on a Honeywell PHPS16 Min{ computer with 8K of °

momory. .

§

Next _steps . \ ’ ,
To fully tost the sysgem against an experimont with well known

heat transfor properties. . . C

Relation with olher projeqts

It is intendoecd to uso the oxpefimontal technique in'the followe

a) Transition to film boiling induced by a pressure reduction.

b) Rewotting of a hot' surface with‘a;liquid coolant,

Reference documents

None ‘ .

1]
LY

Degree of availability

On application to the NII when available: y
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Classification | ¢ ,
Title 1 Biowdown of a steam drum ' Country U.K.
Sponsor C.E.G.B.
Title 2 ot . Organisation C.k.R.L.
Initiated 1976 Completed Project lcaders
' . Dr P,R, Farmer
Status Continuing Last updating Pr ».J. Woodford
: Aug 1978

General Aaim

'r'o ekamlne the behaviour of the fluid in a steam drum
separator during LOCA conditions using Freon 12 as a modelling
fiuid. ) )

<@

Particular Objectives’

'ro determine, the period during which liquid continues to
flow down the downcomers. To determine the flashing behaviour
in the drum. To compare data with existing models and formulate
new ones.

Experimental Facilities and Programme

A drum slice 1.6 m dia. by 1.6 m long will be blown down from
either top or bottom or Poth. Voidage, temperature and pressure
measurements will be made in the ‘vessel and pipework. Mass flow will
be measured in the blowdown lines. The modelling fluid is-Freon 12
at pressures up:to 15 bar. initial studies will examine a drum
cleared of internals. Separation equipment will be installed for
later work.

‘Project Status

The drum is,K in course of commissioning.
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Classification 1.1.2
Title 1 Four—-Quadrant, Two-phase flow in pdmpJCountry U.K.
. Sponsor CEGB
‘ . Marchwood Eng. Labs.

Title 2 ot . Organxfallon ‘ ‘
Initiated 1976 . Complcted Project Leader:
Status  Continuing Last updating Mr. E.M. Curtis

o 1978

1.

LY

Geneéral Aim

. To obtaln the knowledge of pump flows requ1red for the prediction of

post LOCA conditions in water reactors.

Particular Objectives ] ' . .

To determine the performance characteristics of a typical reactor
circulating pump in two—phase, fout—quadrant operation as a function of

voidage, flow regime, pressure ratio etc.

Experimental Facilities and Programme | L L

Measurements will be made using scale model pumps (50 mm inlet and
125 om inlet) in an air-water loop. Transparent pipes and pumps will
permit flow visualisation. o - o

»
. -

Project status

Simgle phase experiments.in progress.

ez
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CLASSIFICATION:

'1.102 1-105' 101.". 1’1.2

TITLE (ORIGINAL LANGUAGE): B

LOCA UNCERTAINTY MARGINS (GSD4.2) .

COUNTRY:
CWK

SPONSOR :
UKAEA

TITLE (ENGLISH LANGUAGE):

N

ORGANISATION:

SRD/UKAEA

PROJECT LFADFR:
' RNH McMILLAN

INITIATED:

DECEMBER 1978

COMPLETED:

STATUS:

LAST UPDATING:

MAY 1979
4

SCIFNTISTS {esaineeR

AA DEBENHAM
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Borichtszeitraum/Period
I.1. - 31.12.1978

Klllunllkl&lon/ouummlon

N30 e YA £ PPTIN

Vorhaben/Project Title

Best%ggung der Nachzerfallswdrme der Spaltprodukte
von U im Zeitbereich 10 - 1000 sec

Decay Heat Measurement of

235

U Fission Products

in the Time Period 10 to 1000 Seconds

Land/Country
FRG

Férdernde Institution/Sponsor
BMFT

Auftragnehmer/Contractor
Kernforschungszentrum
Karlsruhe

Projekt Nukleare Sicher-
heg 7INR

Arbeitsende/Completed

Arbeitsbeginn/initiated Leiter des Vorhabens/Project Leader
1975 1979 K. Baumung

Stand der Arbeiten/Status Berichtsdatum/Last Updating Bewililigte Mittel/Funds
Continuing December 1978

1. General Aim

LOCA Analysis

2. Particular Objectives

Providing decay heat data of 235

3. Research Program

U for short cooling times up to 1000 seconds.

Irradiation of pellet-like fuél samples and measurement of their adiabatic

temperature rise and y-energy output due to fission product decay.

4. Experimental Facilities, Computer Codes

A pneumatic transfer system providing a good cooling of the fuel samples

during irradiation is connected to a computer-controlled adiabatic calorimeter.

The energy loss due to y-escape is recorded by a Moxon-Rae-type y—energy-flux

detector. Monte~Carlo-codes for the calculation of the burnup profiles, the

y-escape characteristics and heat source distributions of the fuel samples

are provided for the transfer of the experimental results to the test-pin

conditions of the blowdown-experiments.

5. Progress to Date

The experimental facility was installed at the FR2 reactor and test runs were
performed. A contamination monitor was installed in order to reduce the release

of radioactivity in the case' of a clad-failure of the samples.



-0l -
1.1, = 31.12,1978 : 06.01.04 (PNS 4234)

6. Results

The proper operation of the transport system was demonstrated and all security
requirements of the reactor operator are met. The operating permission was
granted. The regulation performance of the calorimeter~jacket was found to be
+ 2. 10—3 K, the sensitivity of the calorimeter is 10_4 W, its response time

constant about 2 seconds.

7. Next Steps

The next step will be the irradiation experiments, and in parallel, the

calibration measurements required for the total fission number evaluation.

.
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CLASSIFICATION:
| | 1.1.1,1.1.2,1.1.4,1.2,7 .
TITLE (ORIGINAL LANGUAGE): - COUNTRY: '~ . °
.Analisi dei transitori termici ed idraulici a segux < ITALY
to di LOCA nei rcattori ad acqua leggera e nei si- .
stemi di contenimento associati. SPONSOR: -
, CNEN and CNR
TITLE (ENGLISH LANGUAGE): " ORCANISATION:

. ‘ 3 1ty R
Analysis of thermal and hydraulic transients follo- University of Pisa

wing a LOCA in L.w. reactors and in associated con| oo rr ™ Tess
tainment systems. . . | - s :

N. CERULLO

INITIATED:: | COMPLETED: SCIENTISTS:
1974 . 1980 | F. ORIOLD
STATUS: LAST UPDATING: e
" in progress | May 1979 G. CLCCARCLLI
| : G. BITETTI
T

bl
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CLASSIFICATION:
[3:1.2) 14123, 1104, 1402
TITLE (ORIGINAL LANGUAGE): , COUNTRY :
, ' UK
LOCA UNCERTAINTY MARGINS (GSDA.2)
SPONSOR ;
UKAEA
TITLE (ENGLISH LANGUAGE): ‘ ORGANISATION:
’ 1 SRD/UKAEA

PROJECT LFADFR:
RN¥H MMILLAN

INITIATED: COMPLETED: SCIENTISTS /ENGINEER
DECEMBER 1978 ‘
M TEBENHAM
STATUS: LAST UPDATING:
MAY 1979
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CLASSIFICATION 1.2

TITLE 1
FLECHT. Low flooding rate test
@ program ( Full length
Emergency Cooling Heat

| R Y

COUNTRY Belgium (U.S.4.) .

. SPONSOR

Transfer ) o . ‘
' ORGANIZATION Westinghouse
. i Nuolear Europe ' '
TITLE 2 , |  PROJECT LEADER - 1
__, SCIENTISTS .
", INITIATED (date) . COMPLETED' |
L} } ' *
May 1974 - . . End 1976 . 0T
. ’ + 1] -
STATUS , LAST UPDATING . ‘
PROGRESSING - - . May 9, 1975.

i
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1, GENERAL AIM

The general objoctive of the FLECHT test program is5 to obtain oxporimental
| data for use in evaluating the heat transfer capabilities of a PWR
Emergency Core Cooling System dur;ng a postulated loss-of-coolant accident.

2. PARTICULAR OBJECTIVES

The objectives of the tests to be conducted in the modified FLECHT test
configuration are to supplement the paranmetric effects studied in the.
original FLECHT program, and to provide heat transfer coefficient and
entrainment data at flooding rates of 1l in/se¢ and below. The forced
flooding tests will be conducted with ‘rod. bundles having a cosine and- a
- skewed axial power profile. ' . . s

3. EXPERIMENTAL FACILITY ‘ ‘ - L

The FLECHT-SET test facility will be modified to’ conduct forced flooding
tests ‘as shown in Figure 1.

i

The modified facility consists of :

a) The original FLECHT test section housing with baffle installed in
the upper plenum exhaust to improve liquid carryover separation.
. K ¢ / . s
b) The 10 x 10 rod bundle and related existing'instruﬁentation including
the ANC liquid level transmitter. ‘ |

¢) The existing pressurized water supply accumulator and injeotioﬁ line
with three rotameters injeotion rates from 0.5 to 12 in/sea.

‘d) A close coupled carryover tank . connected to the test section upper
plenum. :

e) A commercially avallable steam .separator with a capacity of

2500 lbs/hr, and a liquid oolleotion tank to collact liquid entrained
in the exhauat steam. et , ~ ¢ ! ‘



d)

e)

£)

4.

a).

by

5.

an orifice plate flow meter to mesure steam flow rate.

.-’_}}.. . S ‘ . ':\lm;

¢

A close coupled carryover tank connected to the test section

upper plenum.

A commercially available steam separator with a capacity
of 2500 1lbs/hr, and a liquid collection tank to collect
liquid entrained in the exhaust steam. ‘

Exhaust piping with a system pressﬁre'controlvvalve and

PROSECT STATUS

Progress to-date : - ' ' ,

Modifications to the test facility have‘beenICOmpleted, ‘ j
and shakedown testing has been started with the cosine '
axial power profile rod bundle.

g
v

Results : None

NEXT STEPS . | ' .

¢

Complete testing with a fod‘haviné a cosine axial power

profile in April, 1975,

Complete testing with a rod bundle having a skewed axial
power profile in November 1975.

6.

RELATION WITH OTHER PROJECTS - o

This program is related to all other Emergenoy Core Oooling ’
System Test Programs such as Y,

’

- Delayed DNB- ‘ . :
14): 6 S B S .

~
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Blowdown, Refill and Reflood
FLECHT-SET. | |

‘7.~ REFERENCE DOCUMENTS

a) WCAP-7665 - PWR FLECHT Final Report, April, 197L.

“b) WCAP-7931 - PWR FLECHT Final Reéort Supplement, October 1972. ,4:

8.  DEGREE OF AVAILABILITY

.

Available upon request.
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FLECHT‘\M ! FLOODING RATE TEST CONFIGU: ..OW_
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_FLECHT : FLECHT=SET

R
.

. o " oy
", . {Full Length Emergency Cooling Heat Transfer
' S ’ -System Effects Tests) . - T

)

-

1. GENERAL AIM

’ 1

Following a primary system loss—-of-coolant accident, the
systém would rapidly depressurize., The-loés of coolant
may partially or wholly uncover the reactor core. .The
Emergency Core Cooling SystemLis provided to‘rapidly reflood
the reactor vessel under .such conditions, 'and ensures that -

o)

any damage to the core does not lead to any’ unacceptabla
consequences either in the plant or off-sité.

g

The original FLECHT series of tests were designed as separate
effects type tests to investigate the reflood heat transfer.

. history of hot fuel rods 4in the core during the'refloed -

phase of a LOCA. The reports’ of this series of. tests are

" given in References l-4. .

2. " PARTICULAR OBJECTIVES

FLECIT-SET is a continuation of the FLECHT bottom flooding

test except that the effects of the system volumes,
asistances, elevations and,other heat inputs are modeled

to obtain the systom feedback on ‘the flooding rate and

hcat transfer. The program will consist of two phases.ix\ _

Each phase is 1ntended4to simulate a 4 loop PWR with various;{

degrees of sophmstication. Details on each ara included
in subsequent sections.

. CE s ; . " N .
K LR v
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3. EXPERIMENTAL FACILITIES AND PROGRAM

Experimental facility is iliustrated by figure 1 and is .
déscribed in references 5 and 6. : '

The program is divided in 2 steps :
, = PHASE A consisting of scoping_tests (l‘léop no steam
generator)
|
- PHASE B including a more complete sysiems effect’
simulation (2 loop steam gﬁperator simulation) .

4. PROJECT STATUS

4.1, Programs to-—-date

Phase A consisted of a set of early scoping tests employing

‘a simplified 1 loop system simulation without a steam generatorf

(long lead item). The simplification (1 loop representing
4 loops) is considered necessary in order to measure f£lood
rate and particularly the test section effluent two phase flow
rate. Without the steam generator producing single phase flow

.at its exit, this is not measurable with standard orifice

measuring techniques. Hence a simple system devised which
separates, .collects, and measures test section liquid effluent, -
then heats the remaining steam to saturation or above, 'thereby’
allowing a meaningful single phase orifice flow meésurement.

The liquid carryover is separated and collected at a measured
rate (at the steam generator location) prior to passing through
the largest flow resistance of the loop. A high quality mix-
ture (x > .95) then enters a 24 ft. length of heated pipe where
any remaining liquid is vaporized prior to passing through

the loop orifice. Singe the flow through the calibrated orifice
is single phase, the flow rate can be determined by measuring
the pressure drop and upstream temperature and pressure. A
total effluent flow rate and qﬁalityfcaﬁ be calculated

' .
. Af“ N
‘e Lo 5
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from the collection rate of liquid and the flow rate through

the orifice.

The test in this configuration are complete and a dafa/apalysis
report has been issued (reference 5). The general resul? ‘
found from these tests was that the variable flow into the

. test assembly, caused by the system response during refl?oding,
yielded higher heat transfer than that which would be calculated
using the FLECHT heat transfer correlation and the calculated

flooding rate.

Phase B is intended to be a more complete systems effect
simulation of a PWR 4 loop plant and 1 broken loop and 3
unbroken loops, including steam generator heat addition and
elevation effects. Since the steam generators superheat the
test section effluent, meaningful.orifice flow measurements
can be made downstream of the steam generators using the loop
orifice. The FLECHT-SET phase B loop drawing is given in
Figure 1. The system is described in detail in reference 6.

A total of 35 phase B tests have been completed including
facility shakedown tests and repeat tests. Of these tests,
.20 will be reported in a data report and will be separatély
analyzed in a data evaluation report. . |

¢

4.2. Essential Results . ‘ ‘ -

The same general trends observed in Phase A were also ob=
served in Phase B ; the variable bundle flooding rate re=- .
sulted in higher heat transfer than that calculated by the
FLECHT correlation. ‘

)
\

Several qdestions have peen raised on thé'scaling logic used
to design the FLECHT-SET facility.. The AEC critically
reviewed the facility and has issued a task force report on

o

e
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the facility. In general, they either agreed with the design
or suggested modifications which would make the scaling logic
more exact. The AEC was particularly concerned about the

.observed large oscillations which occurred at the beginning

of reflood. The Phase A data indicated that.the large oscile
lations were caused by the rapid heat release from the test
section housing. Since the rate of heat release could not

' be controlled from the housing, (although  the time integral

of the heat release could be controlled), the majority of
the Phase B tests weré conducted with the housing heated to
the fluid saturation temperature such that the housing heat

release was minimized.

e

5. NEXT STEPS

With the issuance oﬁ thevnew ECCS criteria, the AEC has re-
evaluated its reflooding heat transfer requirements and has
requested that the systems effects tests stop and that the
FLECHT-SET facility be converted into a forced flooding heat
transfer faciliéy such that specific reflood heat transfer
questions identified in the new criteria could be examined.
The FLECHT-SET testing has stopped and the facility is being
converted to a forced flooding mode: of operation and tests
in this configuration are scheduled to begin in December 1974.

4

. \ -
6. RELATION WITH OTHER PROJECTS
]

This program was in the line o. other ECCS programs on the
post blowdown phenomend like FLECHT, STEAM WATER:MIXING...

L.

b
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7. REFERENCE DOCUMENTS

t

1. J.0. Cermak, A.S. Kitzes, F.F. Cadek, R.H. Leyse, and -
D.P. Dominicis, "PWR Full Length Emergency Core Heat
Transfer (FLECHT) Group 1l Test Report", WCAP-7435,
January 1970. . '

2. F.F. Cadek, D.P. Dominicis, and R.H. Leyse, "PWR Full
Length Emergency Cooling Heat Transfer (FLECHT) Group II
Test Report', WCAP=-7544, Septembcr 1970

3..F.F. Cadek, D.P. Dominicis, and R.H. Leyse, "PWR FLECHT
(ull Length Emergency Cooling Heat Transfex) Final
Report", WCAP-7665, May 1971.

4. F.F. Cadek, D.P. Dominicis, H.C. Yeh and R.H. Leyse, "PWR
FLECHT (Full Length Emergency Cooling Heat Transfer)
, Final Repoxt Supplement”, WCAP-7931, September 1972.

5. J.A. Blaisdell, L.E. Hochreiter, J.P. Waring, "PWR FﬁECHT-
SET Phase A Report", WCAP-8238, December 1973.

6. W.F. Cleary, et, al., "FLECHT~SET Phase B System Design
Description", WCAP 8410, 1974.

€. Degrce of availability
Available upon request.
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1. GENERAL AIM

During a LOCA, the effects of venting steam with cold waterx.
accumulator and safety pump injection are not guantified.
In order to calculate the steam flows vented through ‘the
cold leg, the effective resistances must be determined
experimentally. '

2. ‘PARTICULAR‘OBJECTIVES

The AEC interim criteria states in part @

"\ ‘a

1... "No steam flow shall be permitted.in intact loops during‘

the time period that ‘accumulators are injecting".
|
2. "All effects of cold injection water, in either a hot ox

cold leg, in steam flow (and A P) should be included in -
the calculation”. ‘ '

The intent of the steam/water mixing program is to relax
' these overly conservative design criteria by obtaining

pressure drop data during cold water injection for use in
blowdown and reflood codes. C o

3. EXPERIMENTAL FACILITIES AND PROGRAM

Tests were conducted at approximate conditions expected to ..
exist during and after blowdown. Table 1l presents a list

of the important parameters and their ranges. -

The test sections represent scaled segments (length to
diameter ratio is constant) of the piping between the reactor
coolant pump and the reactor vessel., The full PWR primary,
coolant loop resistance is also simulated.
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‘'surge tanks at either end allow a constant pressure drop to
be set across the loop, represénting a fixed downcomer head..
.The steam flow resulting from this fixed driving force was

measured. A typical test setup is pictured in Figure 1l.

‘the effect of scale was studied to extend the test results

“o a full scale PWR. Tests have been run at 1/14 and 1/3 .
scale. Tests were also run with and without the full length

- cold leg extension pictured 'in Figure 1 for the 1/3 scale

test section.

Instrumentation included density measurement'by a low energy -

X-ray attenuation technique, as well as temperatures,
pressures and pressure drops. IR A

This work was performed by wéstinghouse at the Canadian
Westinghouse Laboratofies in Hamilton, Ontario,.Canada{
This program has been submitted to EPRI (Electrical Power
Research Instiyute) for cooperative funding.

4. PROJECT STATUS

‘Progress to-date and essential results. ' .

A series - of tests have becen completed at 1/14 scale with
injection angles of 90°, 60° and 45° in both the accumulator
and SIS phase of reflood. Test section pressure drops in

the accumulator range can be predicted reasonably well with =

a simple model based on one~dimensional momentum conside
erations. For 90°, the effect of accumulator injection is
to decrease test loop steam venting capabilit& by 5 to 30%

- from the no-injection case. For 45° injection, the steam

venting capability is increased due to the pumping action
of the angled injection. For the SIS range of flow rates,

S
¢ -
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cold leg iﬁjection has a very minor effect on overall loop o

resistance.

The 1/14 scale simulated blowdown tests have beén performed
and the pressure drop data was found to agree reasonably well
with the one-dimensional momentum prediction. ' Density '
measurements indicated that the two~phase flow was nearly
homogeneous during) the higher pressure blowdown tests.

Density measurements have also been obtained for both the

high ECC flow (accumulator) and low ECC flow {(pumped lnjection)
portion of the" reflood transient. The pressure oscillations
.which were observed on 'the pressure transducers was found

to be caused by oscillating £low. The oscillating flow .
behaviour was observed on both the density and thermocouple ‘
readingé. The 1/14 scale report shall be issued shortly.

The 1/3 scale tests and data analysis is complete and the
,report is presently being published. The 1/3 scale tests
showed similar behavior but more scatter as compared with
the 1/14 scale data. The same model which was used to
represent the steady cold leg pressure drop data for the
1/14 scale tests will also represent the 1/3 scale data if
the upper bound limit is increased to 1l psia. Scale effects
were observed in the 1/3 scale tests, howaver, they can be
included in the 1 psia upper bound on the datas:

&

A

5, NEXT STEPS T : | K a2

EPRI has indicated that they would requige additional testing,
these requirements are now being determined.

-
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6. | RELATION WITH OTHER PROJECTS

This program is related to all other ECCS programs that aim
to a better understanding of the post blowdown transient’
such as FLECHT, FLECHT=8ET ...

KN
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TABLE 1 \

i

. . , ) . ’ . ‘ . : . . ,
COLD LEG STEAM/WATER MIXING TESTS - . o S

AR

f

!

. ) . /o

Parameter Range %

}

)

. . i f }‘

System Praessure 45 to 20 psia g G
\ Ya : .‘ . §

Cold Leg Steam Velocity 50 to 400 ft/sec : i
Cold Leg Steam Quality 60% - 300 psia to ' |
‘ ' 550°F ~ 20 psia . o

! . . ' ) : -‘., / KN ' : " ) . \'
Water Injection Velocity .- 1l to 90 ft/sec  .if' : ;
Accumulator Water Temp. . +. 80 to 150°F " ) ' ;

Water Injection Angle -~ ' - 45° 60° 90° e

B
. . R vy
. .
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General Aim

Experimental investigation on thé feed back of the

primary loops of a PWR on the refill and reflood of the
core.

Particular Objectives

Measuring of the thermohydraulic quantities which
Ainfluence the cooling of the core, in particular heat
‘transfer coefficients, flooding rates, quenching times
and pressure differentials.

t
Research Program

The test facility is designed to cover the following

parametric variations:

- Max. initial clad temperature: 500 to 800 °c

- System pressure: 1 - 6 bars

- Max. decay heat flux: 4 to 8 W/cm2

- Time function of decay heat: const, ANS standard

- Reflood rates: 6 - 60 cm/sec

- Split of reflood rates top/bottom: 0/5, 1/4, 2/3, 3/2
4/1, 5/0

- Time function of injection rates: const, accumulator
characteristic

- Break size: 0,25 t® 2 F (double ended guillotine)

- Break location: hot leg, cold leg,

-~ Simulated pump resistance: locked rotor, free rotor

- Residual water in lower plenum: O to lower grid plate

- In loop seals: O to full
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In order to investigate the refill and reflood phase in a
PWR including the feedback of the complete primary system,
a test facility was built. Beside a 340 rod-testbundle it
includes three ‘scaled down primary loops with active

Due to a test bundle with 340 electrically heated rods of

3,9 m heated length the scaling factor between experiment

and the reference power plant Biblis B is 1 : 134, All

heights are simulated full size; the loop system is N
designed to have the same pressure drop as in the reactor. |

The instrumentation will provide information on heat
transfer and water level rise in the bundle temperatures

and heat transfer in the steam generator and flow
conditions in the loops and at the break. The data
acquisation system is capable of handling up to 300 channels

4, Experimental Facilities
steam generators.
at 1 Hz scanning rate.
5. Progress to Date

The position of the héating filament at two locations

(0° and 90°) in 50 heater rods was measured by X-ray

and recorded, and 25 were chosen for instrumenting with f&)
thermocouples.

The position of the spacer grid, the temperature measuring

levels and the radial distribution of the instrumented

heater rods, as well as the position of the control rod

guide tube, were established in éonsultation with the GRS.
4

With the completion of the second test bundle, the

following work was carried out:

- 160 heater rods were tested for leaks and , if necessary,
rebrazed and redressed. Subsequently the ceramic caps .
were brazed on and welded

- The thermocouples were brazed in the gooves of the

instrumented heater rods, the brazed locations dressed
a3m
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and subsequently the thermocouples measured
throughout and recorded.

- For the remainder of the delivered heater rods,
the Helium leak test was carried out, and, if
necessary, rebrazi