
Table of contents

Acknowledgements.....................................................................................................................................I

Table of contents.......................................................................................................................................Ill

List of tables............................................................................................................................................VII

List of figures..........................................................................................................................................VIII

1 General introduction..........................................................................................................................1

1.1 Drying systems............................................................................................................................3

1.1.1 Thin-layer drying................................................................................................................3

1.1.2 Bulk drying.........................................................................................................................4

1.2 Energy consumption...................................................................................................................4

1.3 Laboratory driers........................................................................................................................6

1.4 Problem statement - Challenges of drying systems..................................................................10

1.5 Objectives and structure of research......................................................................................11

1.5.1 High precision laboratory dryer for thin layer and bulk drying with adjustable 

temperature, relative humidity and velocity of the drying air....................................................... 11

1.5.2 High-Precision Laboratory Dryer for Characterization of the Drying Behavior of

Agricultural and Food Products.......................................................................................................12

1.5.3 Test rig for measuring airflow resistance during the convective drying of medicinal and

aromatic plants................................................................................................................................12

1.6 References...............................................................................................................................14

2 High precision laboratory dryer for thin layer and bulk drying with adjustable temperature, 

relative humidity and velocity of the drying air.......................................................................................21

2.1 Abstract...................................................................................................................................21

2.2 Nomenclature..........................................................................................................................22

2.2.1 Greek letters.....................................................................................................................22

2.2.2 Notations..........................................................................................................................22

2.2.3 Subscripts.........................................................................................................................23

2.2.4 Specifications table..........................................................................................................24

https://d-nb.info/1295350491


2.3 Hardware in context..................................................................................................................24

2.4 Hardware description................................................................................................................26

2.4.1 Air conditioning unit (I)......................................................................................................28

2.4.2 Drying unit (II).....................................................................................................................28

2.4.3 Balance unit (III).................................................................................................................28

2.4.4 Thermal insulation chamber (IV)...................................................................................... 30

2.5 Design files.................................................................................................................................31

2.6 Bill of Materials..........................................................................................................................32

2.7 Build introductions....................................................................................................................34

2.7.1 Drying unit (II)....................................................................................................................34

2.7.2 Balance unit (III).................................................................................................................36

2.7.3 Commissioning of the system...........................................................................................37

2.8 Operation Instructions.............................................................................................................37

2.8.1 Operating procedure.........................................................................................................37

2.8.2 Setting of the drying air condition....................................................................................40

2.8.3 Setting of the thermodynamic state of the drying air..................................................... 40

2.8.4 Calibration of the vane anemometer...............................................................................41

2.9 Validation and Characterization..............................................................................................43

2.9.1 Signal stability and mass drift compensation of the balance.......................................... 43

2.9.2 Velocity of drying air over time........................................................................................ 47

2.9.3 Temperature of drying air over time................................................................................48

2.9.4 Relative humidity of the drying air over time..................................................................49

2.9.5 Mass loss of the drying material over time......................................................................51

2.10 Declaration of interest..............................................................................................................52

2.11 Funding......................................................................................................................................52

2.12 References.................................................................................................................................53

3 High-Precision Laboratory Dryer for Characterization of the Drying Behavior of Agricultural and

Food Products...........................................................................................................................................55



3.1 Abstract:....................................................................................................................................55

3.2 Keywords...................................................................................................................................55

3.3 Introduction...............................................................................................................................55

3.4 Materials and Methods.............................................................................................................57

3.4.1 Design................................................................................................................................57

3.4.2 Operation of the Laboratory Dryer................................................................................ 60

3.5 Results.......................................................................................................................................62

3.5.1 Calibration of Fan and Vane Anemometer...................................................................... 62

3.5.2 Calibration of Electronic Balances....................................................................................64

3.5.3 Validation..........................................................................................................................65

3.6 Discussion..................................................................................................................................69

3.7 Conclusion.................................................................................................................................70

3.8 Appendix A...............................................................................................................................71

3.8.1 Source File Repository......................................................................................................71

3.9 Appendix B................................................................................................................................72

3.10 References.................................................................................................................................73

4 Test rig for measuring airflow resistance during the convective drying of medicinal and aromatic

plants........................................................................................................................................................75

4.1 Abstract.....................................................................................................................................75

4.2 Keywords...................................................................................................................................75

4.3 Specifications table...................................................................................................................76

4.4 Hardware in context.................................................................................................................76

4.5 Hardware description...............................................................................................................77

4.6 Design files summary................................................................................................................80

4.7 Bill of materials summary.........................................................................................................81

4.8 Build instructions......................................................................................................................84

4.9 Operation instructions.............................................................................................................92

4.10 Validation and characterization.............................................................................................. 94



4.11 References................................................................................................................................102

5 General Discussion..........................................................................................................................104

5.1 Improvement of product quality.............................................................................................104

5.2 Decreasing of drying time.......................................................................................................104

5.3 Conclusions..............................................................................................................................105

5.4 Outlook.....................................................................................................................................105

5.5 References................................................................................................................................107

6 Summary..........................................................................................................................................109

7 Zusammenfassung...........................................................................................................................Ill

License....................................................................................................................................................113

Curriculum Vitae....................................................................................................................................113


