
CONTENTS

Pteface vii

List of Contributors xv

1. Low Temperature Laboratories F. E. Hoare 1

1. Introduction

2. Historical Sketch of Gas Liquefaction 2

3. The First Low Temperature Laboratories 3

4. The Leiden School 5

5. Later Low Temperature Laboratories 6

6. The Design of a Low Temperature Laboratory 7

7. Equipment and Supplies 12

2. The Mathematics of Gas Liquefaction and Liquefier

Design F. E. Hoare 14

1. Introduction . 14

2. Outline of the Theory of Gas Liquefaction 14

3. The Pressure Drop for Fluids Flowing in Tubes 20

4. The Transmission of Heat to a Turbulent Fluid Stream 23

5. The Theory of Heat Exchangers 27

6. Forms of Heat Exchanger 29

7. Regenerators and Reversing Exchangers 32

8. Bursting and Collapsing Pressures 33

3. Liquid Air Production D. H. Parkinson 35

1. Introduction 35

2. Commercial Air Liquefaction . 35

3. Rectification Columns and the Separation of Liquid Oxygen

and Nitrogen 41

4. Heat Exchangers and Regenerators 45

5. Expansion Engines for Air Liquefaction 46

6. Small Scale Liquefaction Plant . 48

7. The Cascade Process for Liquid Air or Nitrogen 58

8. Liquid Air Conversion Apparatus 58

9. Other Uses of Expansion Engines 58

10. Liquid Air Supplies for the Laboratory 59



contents

4. The Production of Liquid Hydrogen and Helium

D. H. Parkinson 62

1. Introduction 62

2. Linde Hydrogen Liquefiers 63

3. Linde Helium Liquefiers 66

4. The Design of Liquefiers for Hydrogen and Helium Using

Expansion Engines 67

5. Practical Considerations in the Construction of Liquefiers

for Hydrogen or Helium 70

6. Fault Location in Liquefiers 79

7. Published Liquefier Designs 81

8. The Desorption Method for Producing Low Temperatures 102

5. Ancillary Equipment for the Production of Liquid

Hydrogen and Liquid Helium A. J. Croft 105

1. Gas Supplies 105

2. Gas Storage 106

3. Compressors 107

4. Vacuum Pumps 111

5. Gas Purification 112

6. Buildings and Staff 114

7. Safety 115

6. Materials and Methods for the Construction of

Low Temperature Apparatus A. J. Croft 118

1. Introduction 118

2. Metallic Constructional Materials 119

3. Non-metallic Constructional Materials 124

4. Design and Construction of Low Temperature Apparatus 126

5. Pipework, Control Valves and Gauges 134

6. Testing 135

7. Sources of Supply of Materials 136

7. Storage and Transfer of Liquefied Gases A. Wexler 138

1. Introduction 138

2. Design of Liquid Helium Storage Vessels 138

3. Application of Analysis to the Design of Liquid Hydrogen

Storage Vessels 144

4. Application to Storage Vessels for Liquid Oxygen, Air and

Nitrogen 146



CONTENTS

5. Large Scale Storage Vessels 146

6. Transport Techniques 147

7. Transfer of Liquefied Gases 148

8. Liquid Level Indicators 153

9. Thermal Oscillations 155F

10. Fabrication Techniques for Metal Vessels . 157

11. Low Temperature Applications of Glass Working Techniques 158

8. Magnetic Cooling E. Mendoza 165

1. Introduction . 165

2. The Thermodynamics of Magnetic Cooling 165

3. The Design of Magnets . 173

4. Preparation of Paramagnetic Samples 180

5. Design of Demagnetization Cryostats 182

6. Temperature Inhomogeneities in Cold Salts 187

7. Thermal Contact to Paramagnetic Salts 191

8. A Survey of the Salts Used for Magnetic Cooling 196

9. Thermometers Below 1°K 202

10. Systems of Stabilizing Temperatures Below 1°K 204

11. Cascade Demagnetization and Other Applications of Thermal

Valves 207

12. Cooling Liquid 4He in Open Containers 209

9. Low Temperature Thermometry R. P. Hudson 214

1. Introduction - 214

2. The Gas Thermometer 214

3. The Acoustic Thermometer . 218

4. Vapour Pressure Thermometry 219

5. Resistance Thermometers 229

6. Thermoelectric Thermometers 237

7. The Measurement of Small Electromotive Forces 240

8. The Nuclear Resonance Thermometer 243

9. Magnetic Thermometers 244

10. Cryogenic Techniques and Miscellaneous Applica-

tions 254

1. Acoustic Measurements E. R. Dobbs 254

2. Liquid Hydrogen Bubble Chambers L. W. Alvarez 258



CONTENTS

3Calorimetry RWHill 264

4Cryogenic Techniques for Irradiation Studies in Nuclear

Reactors THBlewitt and RRColtman 274

5Isotopic Helium sHe Darrell WOsborne284

6Magnetic Measurements LCJackson 290

7Microwave Measurements DMSBagguley and JOwen 297

8Optical Measurements LCouture 304

9Liquid Helium II DVOsborne 310

10Thermal Conductivity Measurements RBerman327

11X-ray Methods at Low Temperatures ERDobbs 336

12The Measurement of Mechanical Properties HMRosenberg 343

Appendices 349

Table 1Approximate Thermal Data for Various Gases 349

Table 2Thermal Conductivities of Some Constructional Materials 350

Table 3The 1958 Liquid Helium 4 (4He) Vapour Pressure-

Temperature Scale .351

Table 4Enthalpy of Gaseous Helium 4(4He) .359

Table 5Entropy of Gaseous Helium 4 (4He) Joule deg"1 mole"1 360

Table 6Density of Helium 4 (4He) Relative to that at 273-15° K

and One Atmosphere Pressure 361

Table 7The Viscosity rj0, of Gaseous Helium 4 (4He)362

Table 8The Thermal Conductivity, kO, of Gaseous Helium 4 (4He) 362

Table 9Liquid Helium 3 (3He)―Vapour Pressures, mm Hg at 20°

C, for 0・01° K Temperature Intervals 363

Table 10 Enthalpy of Normal Hydrogen (n-H2) .364

Table 11 Density of Normal Hydrogen (n-H2) Relative to that at

273・ 15° K and One Atmosphere Pressure 364

Table 12Liquid Normal Hydrogen (n-H2)―Temperatures, °K,

for Integral Values of Vapour Pressure in mm Hg at 20° C 366

Table 13Solid Normal Hydrogen(n-H2)―Temperatures, °K, for

Integral Values of Vapour Pressure in mm Hg at 20° C 367

Table 20*4° K Equilibrium Hydrogen (e-H2)―Tempera-

tures, °K, for Integral Values of Vapour Pressure in

mm Hg at 02°C 367

Table 15Liquid 20-4° K Equilibrium Hydrogen (e-H2)―Tempera-

tures, °K, for Integral Values of Vapour Pressure in

mm Hg at 20° C 368

Table 16The Viscosity, η0, of Gaseous Normal Hydrogen (n-H2) 369



CONTENTS

Table 17. The Thermal Conductivity, kOi of Gaseous Normal Hydro-

gen (n-H2) 370

Table 18. Ideal Liquefaction Coefficients for Normal Hydrogen

(n-H2) (Joule-Thomson Expansion) 370

Table 19. Liquid Nitrogen―Temperatures, °K, for Integral Values

of Vapour Pressure in mm Hg at 20° C. 371

Table 20. Viscosity and Thermal Conductivity of Gaseous Nitrogen

at One Atmosphere Pressure 371

Table 21. Liquid Oxygen―Temperatures, °K, for Integral Values

of Vapour Pressure in mm Hg at 20° C 372

Table 22. The Debye Specific Heat as a Function of T/θ 373

Table 23. The Debye Internal Energy as a Function of T/θ 373

Table 24. Specific Heat Data for a Few Selected Metallic Elements 374

Graph. Thermomolecular Pressure Ratios for 3He and 4He 374

Author Index 375

Subject Index　379


	page1
	page2
	page3
	page4
	page5

