ReaderTT.config = {"pagecount":223,"title":"Etude expérimentale de l'ébullition convective en milieu poreux : assèchement et flux critique","author":"Ange Gourbil","subject":"Energétique et Transferts","keywords":"Flux critique - Milieu poreux - Ébullition convective - Écoulement diphasique - Sûreté nucléaire","creator":"PScript5.dll Version 5.2.2","producer":"Acrobat Distiller 10.1.16 (Windows)","creationdate":"D:20170728154852+02'00'","moddate":"D:20171017110330+02'00'","trapped":"","fileName":"document.pdf","bounds":[[908,1285],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286],[909,1286]],"bookmarks":[{"title":"Résumés","page":3,"zoom":"Fit","children":[{"title":"Résumé","page":3,"zoom":"Fit"},{"title":"Abstract","page":5,"zoom":"Fit"}]},{"title":"Remerciements","page":7,"zoom":"Fit"},{"title":"Table des matières","page":11,"zoom":"Fit"},{"title":"Introduction","page":25,"zoom":"Fit"},{"title":"Chapitre I. Le renoyage : expériences et modélisation","page":31,"zoom":"Fit","children":[{"title":"I.1. L\u2019APRP : un cas d\u2019étude en sûreté nucléaire","page":31,"zoom":"Fit"},{"title":"I.2. Milieux poreux : l\u2019approche continue","page":34,"zoom":"Fit","children":[{"title":"I.2.1. Une description à l\u2019échelle macroscopique","page":34,"zoom":"Fit"},{"title":"I.2.2. Volume Élémentaire Représentatif (VER)","page":35,"zoom":"Fit"},{"title":"I.2.3. Prise de moyenne volumique : principe général","page":37,"zoom":"Fit"}]},{"title":"I.3. Transferts dans un lit de débris : description des modèles utilisés à l\u2019IRSN","page":41,"zoom":"Fit","children":[{"title":"I.3.1. Transferts de masse","page":42,"zoom":"Fit"},{"title":"I.3.2. Transferts de chaleur : le modèle à non équilibre thermique local","page":44,"zoom":"Fit"},{"title":"I.3.3. Forme finale des équations de transferts thermiques","page":52,"zoom":"Fit"}]},{"title":"I.4. Écoulements en milieux poreux","page":53,"zoom":"Fit","children":[{"title":"I.4.1. Ecoulements monophasiques en milieu poreux","page":54,"zoom":"Fit"},{"title":"I.4.2. Ecoulements diphasiques en milieu poreux","page":56,"zoom":"Fit"},{"title":"I.4.3. Forme finale des équations de quantité de mouvement","page":59,"zoom":"Fit"}]},{"title":"I.5. Limites du modèle thermo-hydraulique actuellement utilisé à l\u2019IRSN","page":60,"zoom":"Fit"}]},{"title":"Chapitre II. Flux d\u2019assèchement : expériences en configuration « renoyage par le bas »","page":63,"zoom":"Fit","children":[{"title":"II.1. Dispositif expérimental pour l\u2019étude de la crise d\u2019ébullition en milieu poreux","page":63,"zoom":"Fit","children":[{"title":"II.1.1. Le milieu poreux modèle chauffant : description générale","page":63,"zoom":"Fit"},{"title":"II.1.2. Les sondes Pt100 : capteurs de température et éléments chauffants","page":66,"zoom":"Fit"},{"title":"II.1.3. Conception du milieu poreux modèle chauffant","page":71,"zoom":"Fit"},{"title":"II.1.4. Assemblage de la section test, intégration dans le dispositif expérimental","page":73,"zoom":"Fit"},{"title":"II.1.5. La boucle fluide : matériel et instrumentation","page":80,"zoom":"Fit"},{"title":"II.1.6. Le système de visualisation","page":84,"zoom":"Fit"}]},{"title":"II.2. Flux d\u2019assèchement dans un lit de débris","page":87,"zoom":"Fit","children":[{"title":"II.2.1. Considérations générales","page":87,"zoom":"Fit"},{"title":"II.2.2. Le modèle 1D de Lipinski","page":88,"zoom":"Fit"}]},{"title":"II.3. Expériences d\u2019assèchement en milieu poreux modèle chauffant","page":91,"zoom":"Fit","children":[{"title":"II.3.1. Assèchement total de la partie aval du milieu poreux","page":92,"zoom":"Fit"},{"title":"II.3.2. Assèchement local du milieu poreux","page":95,"zoom":"Fit"},{"title":"II.3.3. Cas particulier : front oscillant","page":98,"zoom":"Fit"},{"title":"II.3.4. Flux d\u2019assèchement en convection forcée : résultats","page":100,"zoom":"Fit"},{"title":"II.3.5. Interprétation des expériences d\u2019assèchement","page":102,"zoom":"Fit"}]}]},{"title":"Chapitre III. Traitements d\u2019images","page":107,"zoom":"Fit","children":[{"title":"III.1. Prétraitement des images","page":108,"zoom":"Fit","children":[{"title":"III.1.1. Retrait de l\u2019image de fond","page":108,"zoom":"Fit"},{"title":"III.1.2. Masquage des plots cylindriques","page":109,"zoom":"Fit"}]},{"title":"III.2. Observation directe des niveaux de gris","page":110,"zoom":"Fit","children":[{"title":"III.2.1. Détection du passage des bulles, niveaux de gris moyens","page":110,"zoom":"Fit"},{"title":"III.2.2. Moyennes d\u2019images d\u2019événements décorrélés","page":114,"zoom":"Fit"}]},{"title":"III.3. Binarisation et segmentation des images","page":116,"zoom":"Fit","children":[{"title":"III.3.1. Aperçu de quelques techniques de segmentation","page":116,"zoom":"Fit"},{"title":"III.3.2. Binarisation","page":117,"zoom":"Fit"}]},{"title":"III.4. Analyse des images binarisées","page":129,"zoom":"Fit","children":[{"title":"III.4.1. Détermination d\u2019un effectif d\u2019échantillon représentatif","page":129,"zoom":"Fit"},{"title":"III.4.2. Distribution de la surface projetée des bulles","page":130,"zoom":"Fit"},{"title":"III.4.3. Fraction surfacique et volume de vapeur","page":130,"zoom":"Fit"},{"title":"III.4.4. Suivi temporel des bulles : tracking","page":131,"zoom":"Fit"},{"title":"III.4.5. Estimation du débit de gaz","page":132,"zoom":"Fit"}]},{"title":"III.5. Conclusion","page":135,"zoom":"Fit"}]},{"title":"Chapitre IV. Analyse d\u2019écoulements diphasiques à partir de visualisations","page":137,"zoom":"Fit","children":[{"title":"IV.1. Cellules froides : conception et réalisation","page":139,"zoom":"Fit","children":[{"title":"IV.1.1. Cellule d\u2019essai transparente","page":139,"zoom":"Fit"},{"title":"IV.1.2. Cellule d\u2019essai similaire au milieu poreux modèle chauffant","page":146,"zoom":"Fit"}]},{"title":"IV.2. Estimation des incertitudes sur les volumes de « petites » bulles calculés par traitement d\u2019images","page":147,"zoom":"Fit"},{"title":"IV.3. Comparaison d\u2019écoulements chaud-froid, calibration du taux de vide surfacique et des débits de gaz","page":152,"zoom":"Fit","children":[{"title":"IV.3.1. Étude des distributions de taille des bulles","page":152,"zoom":"Fit"},{"title":"IV.3.2. Vitesses des bulles","page":159,"zoom":"Fit"}]},{"title":"IV.4. Conclusion","page":162,"zoom":"Fit"}]},{"title":"Chapitre V. Étude expérimentale du flux critique local","page":165,"zoom":"Fit","children":[{"title":"V.1. Ébullition et flux critique : éléments bibliographiques","page":165,"zoom":"Fit","children":[{"title":"V.1.1. Ébullition en vase : courbe de Nukiyama","page":166,"zoom":"Fit"},{"title":"V.1.2. Crise d\u2019ébullition","page":168,"zoom":"Fit"}]},{"title":"V.2. Crise d\u2019ébullition autour d\u2019un élément chauffant","page":169,"zoom":"Fit","children":[{"title":"V.2.1. Courbes d\u2019ébullition convective en milieu poreux chauffant","page":169,"zoom":"Fit"},{"title":"V.2.2. CHF local en fonction de la puissance appliquée sur une ligne amont","page":172,"zoom":"Fit"},{"title":"V.2.3. CHF local en fonction de la distance à la ligne chauffée","page":185,"zoom":"Fit"},{"title":"V.2.4. CHF local : autres configurations étudiées","page":187,"zoom":"Fit"},{"title":"V.2.5. CHF en fonction du débit de vapeur","page":189,"zoom":"Fit"}]},{"title":"V.3. Conclusion","page":191,"zoom":"Fit"}]},{"title":"Conclusion générale et perspectives","page":193,"zoom":"Fit"},{"title":"Annexes","page":197,"zoom":"Fit","children":[{"title":"Annexe A Choix d\u2019un capteur de pression différentielle pour la mesure des pertes de charge","page":197,"zoom":"Fit"},{"title":"Annexe B Estimation des pertes thermiques et de la température de surface d'une sonde thermique","page":199,"zoom":"Fit"},{"title":"Annexe C De la difficulté de la mesure du taux de vide","page":206,"zoom":"Fit"},{"title":"Annexe D Expériences d\u2019assèchement : cartes d\u2019écoulements","page":209,"zoom":"Fit"}]},{"title":"Bibliographie","page":213,"zoom":"Fit"}],"thumbnailType":"jpg","pageType":"html","pageLabels":["i","ii","iii","iv","v","vi","vii","viii","ix","x","xi","xii","xiii","xiv","xv","xvi","xvii","xviii","xix","xx","xxi","xxii","xxiii","xxiv","1","2","3","4","5","6","7","8","9","10","11","12","13","14","15","16","17","18","19","20","21","22","23","24","25","26","27","28","29","30","31","32","33","34","35","36","37","38","39","40","41","42","43","44","45","46","47","48","49","50","51","52","53","54","55","56","57","58","59","60","61","62","63","64","65","66","67","68","69","70","71","72","73","74","75","76","77","78","79","80","81","82","83","84","85","86","87","88","89","90","91","92","93","94","95","96","97","98","99","100","101","102","103","104","105","106","107","108","109","110","111","112","113","114","115","116","117","118","119","120","121","122","123","124","125","126","127","128","129","130","131","132","133","134","135","136","137","138","139","140","141","142","143","144","145","146","147","148","149","150","151","152","153","154","155","156","157","158","159","160","161","162","163","164","165","166","167","168","169","170","171","172","173","174","175","176","177","178","179","180","181","182","183","184","185","186","187","188","189","190","191","192","193","194","195","196","197","198","199"]};
