Contents

Contents i
List of Figures v
List of Tables xiii
Nomenclature XV

1 Introduction 1
1.1 Subject and motivations of the work . . . . ... .. ... ... 1
1.2 Previous studies and objectives of this investigation . . . . . . . 4
1.3 Outline of the Thesis . . . . . . ... ... ... ... ... 7
Bibliography . . . . .. 8

2 Injection Process In Diesel Engines 11
2.1 Imtroduction . . . . . . .. . .. 12
2.2 Injection system in Diesel engines . . . . . .. .. ... ... .. 13

221 Background . . . . ... o oo 13
2.2.2 The common-rail system . . . . . ... ... ... ... 18
2.2.3 The injector and the nozzle . . . . . .. ... ... ... 20
2.3 Internal liquid flow . . . . . .. ... . . 23
2.3.1 Orifice geometry and related parameters . . . . . . . .. 23
2.3.2 Characteristics of the flow . . . . . ... .. ... .. .. 24
2.3.3 Pressure drop and cavitation . . .. ... ... ... .. 26
2.3.4 Influence of nozzle geometry on the internal flow . . . . 32
2.4  Formation of Diesel sprays . . . . . . . . ... ... ... ..., 35
2.4.1 General properties of sprays . . . . . . ... .. ... .. 36
2.4.2 Disintegration process and droplet formation . . . . . . 41

2.5 Characteristics of Diesel sprays . . . . .. . ... .. ... ... 47



i

CHAPTER CONTENTS

2.5.1 Spray tip penetration . . . .. ... ... 47
2.5.2 Spreading angle of thespray . . . . . . ... ... .. .. 20
2.5.3 Droplet size distribution and prediction . . . ... ... ol
2.5.4  Velocity and concentration profiles . . . . . . ... ... 04
2.6 Conclusions . . . . .. ... L o7
Bibliography . . . . .. o8
Experimental techniques applied in this study 65
3.1 Introduction . . . . . . . ... oL 66
3.2 Injection system . . . . . ... L L e 67
3.3 Internal geometry and flow characterization . . . .. ... ... 69
3.3.1 Internal geometry determination . .. ... ... .. .. 70
3.3.2 Rate of injection measurements . . . . . .. ... . ... 73
3.3.3  Spray momentum flux . . . ... ... 77
3.4 Equipment used for isothermal spray analysis . . . ... . ... 82
3.4.1 Optically accessible cold spray facility . . ... ... .. 82
3.4.2 Direct visualization of the liquid phase . . . . . . . . .. 84
343 Laserimaging . . . . .. .. .. ... ... ... 86
3.5 Experimental apparatus under evaporative conditions. . . . . . 90
3.5.1 Engine Combustion Network . . . . ... .. ... ... 90
3.5.2  Schlieren imaging . . . . . . . ... ... .. 93
3.5.3 Rayleigh scattering diagnostics . . . . .. ... ... .. 95
3.6 Available methods to overcome multiple scattering effects . . . 96
3.6.1 X-Ray absorption. . . . .. .. ... ... ... ... 98
3.6.2 Ballistic imaging . . . . . ... ... oL L. 100
3.6.3 Structured Laser Illumination Planar Imaging (SLIPI) . 103
3.7 Conclusions . . . . .. ... oL 105
Bibliography . . . . . . .. L 106
Mixture fraction measurement in isothermal spray 115
4.1 Introduction . . . . . . ... 116
4.2 Propagation of light in media containing scatterers . . . . . .. 117
4.2.1 Mie scattering and fluorescent emission of a single droplet117
4.2.2  Light radiation propagation in turbid media . . . . . . . 123
4.3 Technique development and calibration . . . . . . ... ... .. 126
4.3.1 Design of a specific experiment . . . . .. ... ... .. 128

4.3.2 Evaluation of the conventional PLI in known situation . 130
4.3.3  Scattering correction via Structured Planar Laser Imaging133
4.3.4 Further considerations for quantitative measurements . 136
4.4 Application to sprays . . . . . . . ..o 141



Contents

1l

4.4.1 Experimental setup. . . . . .. ... ... ... .. ...
4.4.2 Fluorescence properties of the dyed fuel . . . . .. ...
4.4.3 Theoretical evaluation of the PDS parameters . . . . . .
4.5 Quantitative measurements in a spray . . . . .. .. .. .. ..
4.5.1 Spray sizing via Structured Planar Laser Imaging . . . .
4.5.2 Light extinction between illumination and acquisition
4.5.3 Mixture fraction . . . . . .. ..o
4.6 Conclusions . . . . . . ..
Bibliography . . . . ..o L

5 Rayleigh scattering measurements in vapor phase
5.1 Introduction . . . . . . . ... oL
5.2 Rayleigh scattering theory . . . . . ... ... ...
5.2.1 General formulation . . .. ... ... ...
5.2.2  Rayleigh cross-section . . . .. ... ... ... .. ..
5.2.3 Rayleigh scatteringinjets . . . . .. ... .. ...
5.3 Calibration of the experiments . . . . . .. ... ... ... ..
5.3.1 Specific optical arrangement . . . . . . .. .. ... L.
5.3.2 Estimation of the cross-sections . . . . . . .. ... ...
5.3.3 General diagnostic protocol . . . . .. ...
5.4 Data processing and corrections . . . . . . ... ...
5.4.1 TImage post-processing . . . . . . . . ... ... ...
5.4.2 Further corrections and improvements . . . . ... ...
5.4.3 Uncertainty analysis . . . . .. ... ... ... ... ..
5.5  Mixture fraction and temperature distributions . . . . . .. ..
5.5.1 Single jet analysis . . . .. ... oo
5.5.2  Mixture fraction in vaporized jets . . . . . . . ... ...
5.5.3  2-D temperature distribution . . . . ... ..o L.
5.6 Conclusions . . . . .. ... oo
Bibliography . . . . .. .

6 Results and experimental conditions influence
6.1 Introduction . . . . . . . .. ... o
6.2 Hydraulic characterization of the injector . . . . ... ... ..
6.2.1 Internal geometry of the nozzle tip . . . . . . ... ...
6.2.2 Rateofinjection . . .. .. .. ... ... ... ...
6.2.3 Momentum flux of thespray . . . ... ... ... ...
6.2.4 Additional characteristic parameters . . . . . . ... ..
6.2.5 Summary table of the hydraulic parameters . . . . . . .
6.3 Mixing evolution in isothermal sprays . . ... ... ... ...

142
146
151
154
154

. 159

162
169
170

179
180
183
184
186
189
190
190
192
195
198
199
201
202
204
205
206
211
212
213



v CHAPTER CONTENTS
6.3.1 Macroscopic parameters of the liquid spray . . . .. .. 233

6.3.2 Discussion on radial distribution profile . . . . .. ... 236

6.3.3 Influence of experimental conditions on mixing . . . . . 240

6.4 Mixing evolution of vaporized jets. . . . . . .. ... ... ... 245
6.4.1 Vapor jet boundary . . .. .. ... ... L. 247

6.4.2 Mixing measurements and parameters influence . . . . . 249

6.5 Comparative study of isothermal and evaporative sprays . . . . 255
6.5.1 Spray tip penetration . . . ... ... L. 256

6.5.2 Spray opening . . . .. ... oo 258

6.5.3 Mixing of isothermal and evaporative sprays . . . . . . . 260

6.6 Conclusions . . . . . . . ... 264
Bibliography . . . . . . . L 266

7 Conclusions and further developments 271
7.1 Conclusions . . . . . . .. .. 272
7.2 Suggestions for future works . . . . ... oo 276
Bibliography 279
Appendices 305
A Estimation of the error made on droplet sizing 305
B Structured Planar Laser Imaging (SPLI-2P) function 309

C Planar Laser Rayleigh Scattering function 317



