TABLE OF CONTENTS

TABLE OF CONTENTS
LIST OF FIGURES ....eeiiiieetee ettt sttt et e s e e s 17
LIST OF TABLES ...ttt s 19
NOMENCLATURE ....etteieeittee ettt e st e e st e e e e e senneeas 21
1 INTRODUCTION ciiiiiieeisiiiee ettt sttt e e s s e e s snraee e s 24
1.1 Microchannel Heat EXChangers........ccoovvvevvvviiiiiiieeeeeeeeeeeeeeeeeen 25
1.2 Literature Review and Background ............ccoooiiiiiiiiiiiiiiiiiiiinans 27
1.3 Motivations and Research Objectives..........ocoeeeeeieiiiiiiiciciinnninnns 31
1.4 Thesis Organization .......coceeeeeeiiieiiicccrrerere e e e e eeeeas 33
2 FIN2D MODEL...uutiiiiiiiieeeeiieee ettt st e et e e st e e s sibae e e s snnaeeeens 36
2.1 Fin2D Heat Exchanger Model ... 36
2.1.1 Heat exchanger discretization.........cccevvveviiiiiieeeeeeeeeeeeeeee, 36
2.1.2 GOVerning eqUATIONS ....ciiiiiiiiee e e e e eaaes 37
2.13 Numerical SOIULION .......coiiiiiiii e 39
2.2 Case Study Definition ..........eevveiiiiiiiiiiiiiiieeeeeeeeeee e, 40
2.3 Numerical Verification of the Fin2d Model..........ccccceivviiieiinniiiennnns 41
2.4 Fin2D Solution for the Case Study.......cooevvviiiiiieeieeeeeeeeeeee e, 46
2.5 Analysis of the Segment-by-Segment &-NTU Modeling and Effect of
Classical ASSUMPLIONS....uuiiiiiiiiiieiieeiceece e 51
2.5.1 Comparison of Fin2D model against e-NTU approaches........... 53
2.5.2 Analysis of classical assumptions with Fin2D model................. 55
2.6 CONCIUSIONS...eiiiiiiiiee ettt e e e e neeee s 59
3 FINIDX3 MODEL ..ctiiiiiiiiieeiitee ettt ettt et e s s s 62
3.1 Fin1Dx3 Heat Exchanger Model ..........coooeeeeiiiiiiiiiias 63
3.11 Heat Exchanger Discretization.........cccoevvvvvviiiieieeeeeeeeeeeeeeee, 65

3.1.2 Governing EQUAtioNS ....coiviviiiiiicceie e 67



TABLE OF CONTENTS

3.1.3 Numerical SCheME......cuuiiiiiiie e 74
314 Solution Methodology ......ccoevveiiiiiiiiiiieees 80
3.2 Model Validation ..........eeiiiiiii e 83
3.2.1 Microchannel condenser validation ...........cccoociveeiiiiiieennnnneeen. 84
3.2.2 Microchannel gas cooler validation.......cccccccveeeiiiiin, 86
3.23 Impact of parameter ¢ on predicted capacity ..............coc....... 88
33 Simplification of Fin1Dx3 model: FINID ......ccoooeeeiiiiiiiiiiienns 89
3.4 CONCIUSIONS ...ttt 90
4  NUMERICAL COMPARISON OF MODELS .......ootiiiiiieieiieeeeeeieee e 93
4.1 Comparison among different developed models: Fin2D, Fin1Dx3 and
T 1 5 PP PUUPPPPPPR 94
4.2 Comparison with other authors’ approaches........ccccccoeecviivieeeennnnns 97
4.3 CONCIUSIONS ..ttt e e s e e 101
5  SIMULATION STUDIES......ottiiiiiieee ettt ettt e s e e e e 105
5.1 Simulation methodology and case study description ..................... 106
5.2 Number of refrigerant passes.....cccccceveeeiiieiiiiiiieee e, 108
5.3 Influence of the fin CUS.....comiieiiii e, 110
5.4 Influence of aspect ratio for a serpentine gas cooler...................... 112
5.5 CONCIUSIONS ..ttt e s e e 114
6 CONCLUSIONS ...ttt ettt e et e st e e s araeee e 117
6.1 Global ConcluSIONS ... 117
6.2 Contributions and publications ........cccccceviiiiviiiiiiiiieeeeeee e 121
6.3 FUTUI® WOTK ..eeiiieeee et 123
7 APPENDICES.....ce ettt ettt et e e 127
7.1 Appendix A: Matrix coefficients for both continuous fin and cut fin....
......................................................................................................... 127
7.1.1 [B] for continUoUS fiN.....coiiiiiiiiiiiiiiicecceee e 128

7.1.2 [B] fOr CUL fin.oiieeeeiieee e 134



TABLE OF CONTENTS

7.1.3 [C] for continUOUS fiN......coovvviiiiiiiiiiicceeeeeeeee e, 136
7.1.4 [C]for CUL fin..ooeeeeee e 140
7.2 Appendix B: Experimental data used for validation of model ........ 141
7.2.1 GAS COONRT ..t 141
7.2.2 CONAENSET ..ttt e s e e s 144

REFERENCES ... 147



