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CRYOGENIC THERMAL INSULATION SYSTEMS—I

Experimental Investigation of Multilayer Insulation by Using Boil-off Calorimetry. . . . . . . . . . . . 189
H. S. Yang, D. L. Kim, B. S. Lee, and S. D. Hwang

The Outgassing Test of a HTS Power Cable Cryostat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 195
H.-K. Yeom, D.-Y. Koh, I.-S. Kim, C.-D. Kim, D.-H. Kim, and T.-B. Seo

CRYOGENICS FOR SPACE EXPLORATION

ZBO Cryogenic Propellant Storage Applied to a Mars Sample Return
Mission Concept. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 205

D. W. Plachta, R. J. Christie, J. M. Jurns, and P. Kittel
Cryo-Tracker® Mass Gauging System Testing in a Launch Vehicle Simulation . . . . . . . . . . . . . . . 213

D. J. Schieb, M. S. Haberbusch, and A. J. Yeckley

vi



Optical Gauging of Liquid and Solid Hydrogen in Zero-g Environments for
Space Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 224

F. M. Caimi, D. M. Kocak, and J. F. Justak
Liquid Nitrogen „Oxygen Simulant… Thermodynamic Vent System Test Data Analysis . . . . . . . . . 232

A. Hedayat, S. L. Nelson, L. J. Hastings, R. H. Flachbart, and S. P. Tucker
Testing of a Spray-Bar Thermodynamic Vent System in Liquid Nitrogen . . . . . . . . . . . . . . . . . . . . 240

R. H. Flachbart, L. J. Hastings, A. Hedayat, S. L. Nelson, and S. P. Tucker
Design and Analysis of a Scalable In-situ Cryogen Production Facility for
Space Exploration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 248

D. E. Petrick, S. J. Nieczkoski, M. B. Duke, and T. Q. Gardner

INSTRUMENTATION AND CONTROLS—I

Autotune of PID Temperature Control Based on Closed-loop Step Response Tests . . . . . . . . . . . . 259
D. C. Sheats, Z. S. Roth, and J. W. Snyder

Cryogenic Fiber Optic Temperature Sensors Based on Fiber Bragg Gratings. . . . . . . . . . . . . . . . . 267
C. J. Yeager, C. McGee, M. Maklad, and P. R. Swinehart

Cryogenic Radio Frequency Two-phase Flowmeter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 273
T. W. Lovell and N. T. Van Dresar

A Cryogenic Mass Flow Sensor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 281
D. M. Kocak, J. F. Justak, F. M. Caimi, and S. W. Van Sciver

CRYOFUELS

Cryo-delivery Systems for the Co-transmission of Chemical and Electrical Power . . . . . . . . . . . . 291
P. M. Grant

CRYOGENIC SAFETY

Diffusion of Gases in Air and Its Affect on Oxygen Deficiency Hazard Abatement . . . . . . . . . . . . 305
J. C. Theilacker and M. J. White

Dewar Safety: Risks and Corrective Actions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 313
R. F. Boyle and P. L. Whitehouse

Hydrogen Safety Issues Compared to Safety Issues with Methane and Propane . . . . . . . . . . . . . . 319
M. A. Green

CRYOCOOLER MODELING

Design Model for a Two-stage Pulse Tube Cryocooler . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 329
J. L. Shi, J. M. Pfotenhauer, and G. F. Nellis

Modelling of a 10 K Collins Type Cryocooler . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 337
G. Chaudhry, J. G. Brisson, J. L. Smith, Jr., C. L. Hannon, B. J. Krass, and J. Gerstmann

Enthalpy, Entropy, and Exergy Flows—Real Gas Effects in Ideal Pulse
Tube Cryocoolers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 345

P. Kittel
Thermoacoustic Analysis of Displacer Gap Loss in a Low Temperature Stirling Cooler . . . . . . . . 353

V. Kotsubo and G. Swift

vii



Motor and Thermodynamic Losses in Linear Cryocooler Compressors . . . . . . . . . . . . . . . . . . . . . . 361
J. Reed, P. B. Bailey, M. W. Dadd, and T. Davis

HELIUM II AND HELIUM II SYSTEMS—II

Influence of the Steady Background Turbulence Level on Second Sound Dynamics in
He II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 371

M. Dalban-Canassy, D. K. Hilton, and S. W. Van Sciver
Heat Transport Near the Lambda Line in a Channel Containing He II. . . . . . . . . . . . . . . . . . . . . . 379

M. Maeda, A. Sato, T. Dantsuka, M. Yuyama, and Y. Kamioka
Temperature Dependence of the Gorter-Mellink Exponent m Measured in a Channel
Containing He II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 387

A. Sato, M. Maeda, T. Dantsuka, M. Yuyama, and Y. Kamioka
Variation of Film Boiling Modes in He II from Strongly to Weakly Subcooled States . . . . . . . . . . 393

M. Nozawa, N. Kimura, M. Murakami, and S. Takada
Heat Transfer Coefficient Measurement Study of Several Film Boiling Modes in
Subcooled He II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 401

S. Takada, M. Murakami, M. Nozawa, and N. Kimura
Heat Transfer through Porous Media in Static Superfluid Helium . . . . . . . . . . . . . . . . . . . . . . . . . . 409

B. Baudouy, F.-P. Juster, H. Allain, E. Prouzet, A. Larbot, and R. Maekawa
Effect of Property Variations on the Operation of Superfluid Porous Plug Pumps. . . . . . . . . . . . . 417

H. A. Snyder

NOVEL CONCEPTS AND NEW DEVICES

A Liquid Helium Circulation System for MEG . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 427
T. Takeda and H. Horinouchi

Cryogenic Design and Operation of Liquid Helium in Electron Bubble Chamber . . . . . . . . . . . . . 433
Y. L. Ju, J. R. Dodd, W. J. Willis, and L. X. Jia

Assessment of Commercial Fluorescent Paints on their Applicability to the Cryogenic
Thermography System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 441

K. Nara, N. Yamada, and H. Kato

FLUID MECHANICS, HEAT TRANSFER, AND PROPERTIES OF CRYOGENS—I

The Effect of the Variability in the Isotopic Composition of Gases on Top-accuracy
Cryogenic Temperature Standards and Remedies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 451

F. Pavese
Forced Convection Heat Transfer of He I and He II at Pressures up to Supercritical . . . . . . . . . . 459

M. Shiotsu, T. Okamura, Y. Shirai, K. Hata, and K. Hama
Flare R&D for Ultra Pure Liquid Argon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 467

B. J. Hansen and M. J. White
Ortho and Para Hydrogen Concentration Determination Based on Vapor Pressure . . . . . . . . . . . 475

S. R. Lydzinski, D. Celik, A. Hemmati, and S. W. Van Sciver
Thermal Conductivity of Powder Insulations for Cryogenic Storage Vessels . . . . . . . . . . . . . . . . . . 480

Y. S. Choi, M. N. Barrios, H. M. Chang, and S. W. Van Sciver

viii



Thermal Diffusion of Heat Pulse in Subcooled Liquid Nitrogen . . . . . . . . . . . . . . . . . . . . . . . . . . . . 488
H. M. Chang, J. J. Byun, J. H. Choi, C. J. Ha, M. J. Kim, H. M. Kim, and T. K. Ko

Experimental and Theoretical Study of a Two Phase Helium High Circulation Loop . . . . . . . . . . 496
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