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Summary:

This research studies the distribution of temperature -air flow rate and speed inside the electrical
transformer room. Where these transformers are a source of heat is the study of conditioning this
room and concentrate on the value of temperatures and velocities near the electrical equipment
and the objective of this work is to simulate and analyze air flow and thermal systems Patterns in
the transformers room to determine the optimal performance of the ventilation systems. In order
to provide a comfortable and good thermal indoor environment with energy efficiency, this
increases  the  efficiency of the work of the electrical  equipment.






ACKNOWLEDGMENT

Firstly, 1 would like to thank Almighty ALLAH, whom | owe
everything, for his generousness and support through all my life.

| would like to thank Prof. Essam E. Khalil Hassan Khalil,
Dr. Hatem Omar Haredy and Dr. Taher Mohamed Aboudeif
for their guidance and unremitting encouragement. | am grateful
to them, and to all my respectful professors, for mentoring me
throughout my graduate study.

Finally, Also | express my thanks and gratitude to my family
and more specifically of them mentioning my wife, who was a
help to me throughout my studies






TABLE OF CONTENTS

ACKNOWLEDGMENT ...t A
LIST OF FIGURES. ...ttt bbb nree s vii
LIST OF TABLES. ... e xii
NOMENCLATURE ... e xii
SYMBOL QUANTITY oottt ne e Xii
GREEK LETTERS ..t XV
SUPERSCRIPTS AND SUBSCRIPTS ...ttt XVi
ABBREVIATIONS ...ttt bbbt bt e beesbee s XVii
ABSTRACT ..ttt b e r e e ne e XViii
CHAPTER 1 .ottt b e e e b e e ne e e neennn e 1
INTRODUGCTION L.ttt ettt ettt sbe e nbe e et e snne e e 1
1-1 TransSformerteChNOIOgY........cuouiiiiiiiie e 1
1-2 Transformer DefinitioN. ...........oiiini e 1
1-3 Transformers TYPES ......oueuintiiiiiiii s 1
1-4 Advantages of dry-type transformer...........ccooveiieiicc i 2
1-5 Problems associated with heat transfer in Transformers...........c.ccococvreiiiniiciccnene 3
1-6 Temperature rise and transformer effiCiENCY .........cocooiiiiiiiiiniii e 4
1-6-1Cooling Classes for Dry-Type TransSformers.........cccocveiieiiieiie e 4
1-7 Allowable Working tEmMPEratures...........coveiveeiieccie e 4
1-7-1 Temperature rise defiNItION.........ccviiiiiii e 4
1-7-2 Limits Of TEMPEIAtUIe RISE.......coiiiiiiiiieieieiee et 4
1-7-3 Transformer HOMEST-SPOL.........cuiiiiiiiiiieee s 5
1-7-4 Transformer Efficiency and Temperature RISe..........cccoeveriievierienieeieseeieeiee e 5
1-7-5 Temperature MeEaSUIEMENTS. .........ccueiiiiieiiiieiiie et 6






1-8 Predicting Thermal RESPONSE.......c.iiiiiiiiieiieite ettt se e e e ae e saeeae e sreanee s 6

1-9 HEat RUN TESTS....cuviiiiiiiiie i 7
1-9-1 Purpose Of HEAt RUN TESES.......cuiiiiiiiiiiiiieieie et 7
1-9-2 TSt METNOUS. ...t 7

CHAPTER 2.ttt b et enne e s neennee s 8

LITERATURE REVIEW. ... .ottt 8

21 OVEIVIBW. ...tttk bttt bbbt bt b e etk b et b e b e et et ettt b b 8

2-2 Papers interested for general flow investigations in enclosed space......................... 9

2-2-1 Prediction of Airflow and Temperature Field in a Room with Convective Heat.....9
2-2-2 Using CFD to understand the air circulation in a ventilated room..................... 10

2-2-3 Computation of the airflow in a pilot scale clean room using K-¢

TUrDUIENCE MOTEIS.... .o 12

2-2-4 Air flow modeling ina computer room............coooviiiiiiiiiiii e, 15
2-2-5 Experimental and numerical study of a full scale ventilated enclosure................. 17
2-2-6 Airflow analysis in an air conditioning ro0M.............cccoiviiiiriiiiiieiieieneanne, 21
2-3 Research Papers concerned with Power Transformers..............ccoooviviiiiiiiiinnnn. 22
2-3 -1 Numerical modeling of thermal processes in an electrical transformer............... 22
2-3 -2 Numerical study of heat transfer and fluid flow in a power transformer............. 26

2-3 -3 Numerical and experimental investigation of the air flow and temperature

Distribution in an industrial room with a large heat source.....................cccc.... 27
2-3-3-1 TeSt ROOM GROMELIY . ...ttt e e e e e ae e 27
2-3-3-2 Measuring MeChaniSm........ ..o e 28
2-3-3-3 Measuring INStrUMENTS. ... ...t 29
2-3-3-4 In a plane perpendicular to the supply duct................ocooiiiiiiii . 30
2-3-3-5 RESUILS. ..o 31






2-3-3-6 In the vicinity of Transformer (1)..........oooiiiiiii e, 33
2-3-3-7 analysis of Present results........c.o.oveii i 34
2-3-3-8 General flow iNthe ro0M ... 34

2-3-4 Power transformer thermal analysis by using an advanced coupled 3D heat

Transfer and fluid flow FEM model................oo 35
2-3-4-1 Proposed methodology.........c.ooiuiiri i 36
2-3-4-2 Software implementation..............cooiii i 37

2-3-5 Numerical modelling of natural convection of oil inside distribution transformers....38

2-3-5-1 Description of ONAN distribution transformers...............ccooovviiiiiiiiinenn.. 39
2-3-5-2 Mathematical model ...t e 40
2-3-5-3 Boundary Conditions. ...........oooiiii i 41
2-3-5-4 Result and DISCUSSION .......cutuiniiiieie e 43
2.4 Summary and Scope of PreSeNt WOrK...........coouiirii i e 44
CH AP T ER 3. .o e 45
GOVERNING EQUATIONS . ... e 45
L I 1011 £ [0 Tod 1 T o PP 45
3-2 GOVErNiNg EQUALIONS. ... ..ttt 46
3-2-1 GBNEIAL. ..o 46
3-3 Grid Generation and Mesh Criteria. . ..........o.viieinii e 70
3-4 Discretization and Mathematical Modelling.............c.ooiiiiiii e, 70
CHA P T ER 4. .o e 79
VA LI D AT ION Lo e 75
I 111 0T [FTox o] o 75
4-2 Experimental LOCAtIONS. ... ..ottt 76
4-2-1 In the vicinity of Transformer (1) faces.........ccooiiiiiiiii i 76



