
 
 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

 ISBN: 978-1-7138-1969-1 
ISSN: 1757-8981 

Advances in Cryogenic 
Engineering: Proceedings of the 
Cryogenic Engineering 
Conference (CEC 2019) 
 

Hartford, Connecticut, USA 
21 - 25 July 2019 

 

 IOP Conference Series: Materials Science and Engineering 
Volume 755 

Part 1 of 2 



Printed from e-media with permission by: 

 
Curran Associates, Inc. 

57 Morehouse Lane 
Red Hook, NY  12571 

 

 
 

Some format issues inherent in the e-media version may also appear in this print version. 

 
 
 
 
 
 
 
 
 
 
 
 
 
This work is licensed under a Creative Commons Attribution 3.0 International Licence.  
Licence details: http://creativecommons.org/licenses/by/3.0/. 
 
No changes have been made to the content of these proceedings. There may be changes to pagination  
and minor adjustments for aesthetics. 
 
Printed with permission by Curran Associates, Inc. (2020) 
  
For permission requests, please contact the Institute of Physics 
at the address below. 
  
Institute of Physics 
Dirac House, Temple Back 
Bristol BS1 6BE UK 
 
 
Phone:    44 1 17 929 7481 
Fax:   44 1 17 920 0979 
 
techtracking@iop.org 
 
 
Additional copies of this publication are available from: 

 

Curran Associates, Inc. 
57 Morehouse Lane 
Red Hook, NY 12571 USA 
Phone:  845-758-0400 
Fax:      845-758-2633 
Email:   curran@proceedings.com 
Web:     www.proceedings.com 



TABLE OF CONTENTS 

 

PART 1 

AN EVOLUTION OF CRYOGENIC ENGINEERING -- SPECIAL SESSION DEDICATED TO 

GLEN MCINTOSH 

EVOLUTION OF CRYOGENIC ENGINEERING ............................................................................................. 1 
G E McIntosh, R C McIntosh 

AEROSPACE 

ROBOTIC REFUELING MISSION-3—AN OVERVIEW ................................................................................. 9 
S R Breon, R F Boyle, M B Francom, C H DeLee, J J Francis, S Mustafi, P W Barfknecht, J 
M McGuire, A G Krenn, G A Zimmerli, D M Hauser 

INTEGRATED REFRIGERATION AND STORAGE OF LNG FOR COMPOSITIONAL 
STABILITY ....................................................................................................................................................... 17 

L Rose, A M Swanger, W U Notardonato, J E Fesmire, J Gleeson, R Carro 

ESTIMATION OF HEAT DISSIPATION ON A LEVITATING ROTOR OVER 
SUPERCONDUCTING MAGNET BEARING ................................................................................................. 24 

T Iida, Y. Sakurai, T Matsumura, H Sugai, H Imada, H Kataza, H Ohsaki, N Katayama, Y 
Terao 

THERMAL DESIGN AND ON-ORBIT PERFORMANCE OF THE ECOSTRESS 
INSTRUMENT .................................................................................................................................................. 31 

J Cha, B Carroll, J Rodriguez, K Maynard, M Romero 

PROPELLANT LIQUEFACTION MODELLING COMPARED AGAINST LIQUEFACTION 
TESTING ........................................................................................................................................................... 39 

A Kashani, D Hauser, P Desai 

AEROSPACE CRYOCOOLERS 

PERFORMANCE CHARACTERISTICS COMPARISON OF MAJOR TYPES OF 
MECHANICAL CRYOCOOLERS FOR AEROSPACE APPLICATIONS ..................................................... 47 

W Chen 

CHARACTERIZATION TESTING OF LOCKHEED MARTIN MICRO1-2 CRYOCOOLERS 
FOR THE MAPPING IMAGING SPECTROMETER FOR EUROPA (MISE) INSTRUMENT ..................... 55 

I M McKinley, M A Mok, C D Hummel, D L Johnson, J I Rodriguez 

NORTHROP GRUMMAN NEXT GENERATION MINI COOLER PLUS PERFORMANCE ...................... 63 
L Amouzegar, T Nguyen, M Petach, E Dair, L Abelson 

THERMAL AND EXPORTED VIBRATION CHARACTERIZATION OF RICOR K508N 
CRYOCOOLER ................................................................................................................................................. 69 

M A Mok, I M McKinley, A J Mastropietro 

MICRO-SIZED CRYOCOOLER CONTROLLERS FOR SPACE ................................................................... 77 
K D Frohling 



FLUID MECHANICAL RESPONSE OF A PULSE TUBE CRYOCOOLER: MODELLING AND 
EXPERIMENTAL VALIDATION .................................................................................................................... 84 

K Lauzier, F Bribiesca-Argomedo, J-Y Gauthier, S Sesmat, X Lin-Shi, D Carvalho Lopes 

IMPACT OF THE COLD REGENERATOR MESH GEOMETRY ON LOW TEMPERATURE 
PULSE TUBE COLD FINGER PERFORMANCE ........................................................................................... 92 

D Dherbécourt, S Martin, I Charles, JM Duval, J André, C Daniel 

SENSITIVITY ANALYSIS ON MINIATURIZE PULSE TUBE BOUNDARY LAYER LOSSES .............. 100 
Ali Ghavami, Carl Kirkconnell, S Mostafa Ghiaasiaan 

VIBRATION-HEATING IN ADR KEVLAR SUSPENSION SYSTEMS ..................................................... 108 
James Tuttle, Amir Jahromi, Edgar Canavan, Michael DiPirro, Mark Kimball, Peter Shirron, 
Chloe Gunderson, Jacob Nellis 

80 K VIBRATION-FREE COOLER FOR POTENTIAL FUTURE EARTH OBSERVATION 
MISSIONS ....................................................................................................................................................... 116 

J. Barreto, D. Martins, M.B.C. Branco, R.P.P.L. Ribeiro, I.A.A.C. Esteves, J.P.B. Mota, J.B. 
Branco, A.P. Gonçalves, T. Tirolien, G. Bonfait 

DESIGN AND TEST OF CRYOGENIC FLEX CABLES FOR THE EUCLID NEAR INFRARED 
SPECTROPHOTOMETER .............................................................................................................................. 124 

W A Holmes, E Boehmer, C Bertagne, S Cheung, B Cho, H Cho, G Delo, R P Dillon, M 
Farris, A Feizi, N Ferraro, L Fischer, R Foltz, K Hong, M Jhabvala, E Kan, R Kopp, J 
Maiten, D Markley, A R Morgan, M Ngyuen, S Pravdo, C Ruiz, M Runyan, A Skalare, A 
Waczynski, Y Walters, A Wong, F Zhong 

MODIFICATIONS TO THE MIRI CRYOCOOLER DESIGN TO PROVIDE SIGNIFICANT 
LIFT IN THE 2K TO 4K RANGE ................................................................................................................... 132 

M Petach, M Michaelian, T Nguyen 

EXPERIMENTAL VALIDATION AND REFINEMENT OF MIXTURE OPTIMIZATION FOR 
A MIXED GAS JOULE-THOMSON CYCLE ................................................................................................ 140 

J Detlor, R Gruenstern, J Pfotenhauer, G Nellis 

AIR AND CARBON DIOXIDE SYSTEMS 

ANALYSIS AND OPTIMIZATION OF THE LIQUID NITROGEN PRE-COOLING STAGE 
FOR THE EAST HELIUM REFRIGERATOR ............................................................................................... 148 

Z G Zhu, Q Y Zhang, P Zhu, L B Hu, Z W Zhou 

THERMODYNAMIC COMPARISON OF SMALL LIQUID NITROGEN GENERATORS 
DRIVEN BY MIXED-REFRIGERANT J-T REFRIGERATORS AND GAS EXPANSION 
CYCLES ........................................................................................................................................................... 155 

H C Wang, H Guo, G F Chen, Q L Song, M Q Gong 

THEORETICAL INVESTIGATION OF A CLOSED LIQUID CO2 ENERGY STORAGE 
SYSTEM .......................................................................................................................................................... 163 

W Ji, L B Chen, L N Guo, H Xu, B L An, J J Wang 

ARGON, HYDROGEN & NITROGEN SYSTEMS 

RETURN TO SERVICE OF A LIQUID HYDROGEN STORAGE SPHERE ............................................... 170 
A Krenn, D Desenberg 



DESIGN OF THE DUNE APATF CRYOGENIC SYSTEM .......................................................................... 175 
A Dalesandro, E Voirin, D Montanari, T Tope 

PROGRESS TOWARDS OPERATION OF A DEUTERIUM COLD NEUTRON SOURCE AT 
THE NCNR ...................................................................................................................................................... 183 

J Jurns, M Middleton, R Williams 

EXPERIMENTAL STUDY ON POOL BOILING HEAT TRANSFER CHARACTERISTICS OF 
SLUSH NITROGEN ........................................................................................................................................ 191 

S Q Wu, Q D Wang, Y J Li, J L Huang, T Jin 

COMPRESSORS, EXPANDERS & OTHER COMPONENTS 

IMPLICATIONS AND METHODOLOGY OF RETROFITS IN CRYOGENIC PLANTS ........................... 199 
O. Amstutz, R. Herrmann, S. Bischoff 

CRYOGENIC PERFORMANCE TEST PLATFORM FOR THE GAS BEARINGS OF HELIUM 
TURBINE EXPANDERS ................................................................................................................................ 207 

S S Li, B Fu, Q Y Zhang, P Zhu, X F Lu, D K Ma, K Yuan 

ANALYSIS OF INTERNAL TEMPERATURE DISTRIBUTION AND ITS TOTAL PARASITIC 
HEAT LEAK FOR A CRYOGENIC COLD COMPRESSOR ........................................................................ 212 

X B Dong, J Shang, H Su, C B Wei, J H Wu 

DEVELOPMENT OF A HIGH-EFFECTIVENESS SLOTTED PLATE CRYOGENIC HEAT 
EXCHANGER ................................................................................................................................................. 220 

E Sheehan, J Pfotenhauer, F Miller 

A TWO-CONDENSER PULSATING HEAT PIPE FOR USE AS A PASSIVE THERMAL 
DISCONNECT IN REDUNDANT CRYOCOOLER IMPLEMENTATIONS ............................................... 228 

B W Mueller, J M Pfotenhauer, F K Miller 

DEVELOPMENT OF A CRYOGENIC COMPRESSOR FOR AIRBORNE CRYOCOOLERS ................... 236 
K. Cragin, J. McCormick, M. Zagarola 

A NOVEL HYDROGEN TURBO-EXPANDER WITH ACTIVE MAGNETIC BEARINGS AND 
AN EDDY CURRENT BRAKE ...................................................................................................................... 242 

J Y Chen, X M Li, X B Dong, C Lv, J H Wu 

EFFECT OF LEADING-EDGE GEOMETRY PARAMETERS ON THE PERFORMANCE OF 
MINIATURE CRYOGENIC EXPANSION TURBINE .................................................................................. 250 

C L Ke, L X Xiong, N Peng, B Dong, K R Li, L Q Liu 

CRYOCOOLERS 

DEVELOPMENT OF A KW-CLASS STIRLING CRYOCOOLER FOR LIQUEFACTION OF 
NATURAL GAS (NG) ..................................................................................................................................... 258 

J Park, S In, J Ko, H Kim, Y Hong, H Yeom, S Park 

PROGRESS OF THE 4 K-CLASS VUILLEUMIER TYPE CRYOCOOLER AND ITS FURTHER 
APPLICATIONS .............................................................................................................................................. 263 

J Wang, C Z Pan, T Zhang, K Q Luo, X T Xi, L B Chen, Y Zhou, J J Wang 



NUMERICAL INVESTIGATION ON PARAMETER INFLUENCE IN DOUBLE-STAGE 
VUILLEUMIER TYPE PULSE TUBE CRYOCOOLER (VM-DPTC) .......................................................... 271 

J Wang, C Z Pan, X T Xi, L B Chen, Y Zhou, J J Wang 

EXPERIMENTAL STUDY ON A 20W/80K HIGH FREQUENCY PULSE TUBE 
CRYOCOOLER ............................................................................................................................................... 279 

Xuming Liu, Liubiao Chen, Xianlin Wu, Jue Wang, Yuan Zhou, Junjie Wang 

DESIGN OF A TWO-STAGE GAS-COUPLED HIGH-FREQUENCY PULSE TUBE 
CRYOCOOLER WORKING AROUND 4 K .................................................................................................. 285 

Xuming Liu, Liubiao Chen, Junjie Wang, Yuan Zhou 

DEVELOPMENT OF A HELIUM RECONDENSING CRYOSTAT ............................................................ 292 
P K Muley, S L Bapat, M D Atrey 

30 K TO 2 K VIBRATION FREE REMOTE COOLING SYSTEMS ............................................................ 300 
T. Trollier, J. Tanchon, J. Lacapere, P. Camus 

LOAD MAP OF SUMITOMO 415DP CRYOCOOLER IN THE TEMPERATURE RANGE OF 
40-400K ............................................................................................................................................................ 308 

T. Wirths, S. Putselyk, N. Ben Bekhti, A. Fröhlich, O. Grenz, F. Konig, L. Naumann, F. Rahlf, 
M. Tiesing 

NUMERICAL INVESTIGATION OF THE POTENTIAL EFFICIENCY OF A CRYOGEN-FREE 
VM TYPE PULSE TUBE CRYOCOOLER .................................................................................................... 316 

Y H Cui, W Dai, Y N Wang, X T Wang, E C Luo, J Zhu, H B Li 

HIGH-AVAILABILITY SINGLE-STAGE STIRLING COOLERS WITH HIGH POWER 
DENSITY ......................................................................................................................................................... 324 

D. Willems, B. de Veer, R. Arts, J. Mullié, P. Bollens 

FLIR FL-100 MINIATURE LINEAR STIRLING CRYOCOOLER DEVELOPMENT 
SUMMARY ..................................................................................................................................................... 332 

T Conrad, D Haley, T Lieb, M Grabau, S Miramontes, E Garcia, S Chapple, B Erwin 

INVESTIGATION OF IMPROVING COOL-DOWN SPEED OF STIRLING TYPE PULSE 
TUBE CRYOCOOLER WITH AMBIENT DISPLACERS ............................................................................ 338 

C G Yan, X T Wang, W Dai, John M. Pfotenhauer, Y B Zhang, H B Li, E C Luo 

CFD STUDY OF THE 2D GAS PISTON IN PULSE TUBE CRYOCOOLERS ............................................ 346 
Zhimin Guo, Shaowei Zhu, John M Pfotenhauer 

DRIVE FORCE OPTIMIZATION OF A PNEUMATICALLY-DRIVEN GIFFORD-MCMAHON 
CRYOCOOLER BY NUMERICAL MODELING .......................................................................................... 354 

Tian Lei, Yuri L. Zuev, Qian Bao, Mingyao Xu 

A SECOND LAW STUDY OF THE REGENERATORS IN CRYOCOOLERS BASED ON 
PORE-LEVEL ANALYSIS OF ENTROPY GENERATION ......................................................................... 361 

Tao Fang, Ali Ghavami, S. Mostafa Ghiaasiaan 

AN EXPERIMENTAL INVESTIGATION ON PARALLEL-PLATE FINNED HEAT 
EXCHANGER WORKING WITH CRYOGENIC OSCILLATING HELIUM FLOW .................................. 369 

J L Huang, T Jin 



CRYOGEN TECHNOLOGY 

CRYOGENIC FLUX CAPACITOR FOR ADVANCED MOLECULAR AND ENERGY 
STORAGE APPLICATIONS .......................................................................................................................... 376 

A M Swanger, J E Fesmire 

DISTILLATION BASED CO2 REMOVAL FROM NATURAL GAS FOR SMALL AND 
MEDIUM SIZED PLANT ............................................................................................................................... 384 

V Manek, S M Ghiaasiaan, J Patelczyk 

OXYGEN SEPARATION IN A VORTEX TUBE WITH APPLIED MAGNETIC FIELD ........................... 392 
J Raymond, C Bunge, G Henderson, J Leachman 

DESIGN OF DEWAR SUPPORTS THROUGH TOPOLOGY OPTIMIZATION ......................................... 399 
B Nitin, Pavitra Sandilya, Goutam Chakraborty 

NUMERICAL STUDY OF THE EFFECT OF THE HELIUM-BASED MULTI-COMPONENT 
GAS MIXTURE ON THE INTERNAL PURIFIER ........................................................................................ 407 

G Feng, Q Jia, L Gong, M Zhang, P Xu, Z Li, W Zhu, H Ma, F Wang 

FREEZE-OUT PURIFIER FOR HELIUM REFRIGERATION SYSTEM APPLICATIONS ........................ 415 
D Kroll, N Hasan, V Ganni, A Fila, A Engeda 

CRYOGENIC DISTRIBUTION SYSTEMS 

PIP-II INJECTOR TEST CRYOGENIC TRANSFER LINE .......................................................................... 423 
Renzhuo Wang, Benjamin Hansen, Joseph Hurd, Alexander Martinez, Arkadiy Klebaner 

HELIUM TRANSFER LINE WITH CONDUCTION-COOLED NB-TI SUPERCONDUCTING 
WIRES FOR COMET MUON TRANSPORT SOLENOID ............................................................................ 431 

Takahiro Okamura, Makoto Yoshida, Masaya Oonaka, Hirokatsu Ohhata, Taekyung Ki, 
Yasuhiro Makida, Ken-ichi Sasaki, Masahisa Iida, Akiko Tateno, Masahiro Matsuo, Itsuo 
Aoki 

STATUS OF THE LCLS-II CRYOGENIC DISTRIBUTION SYSTEM ........................................................ 439 
W Soyars, A Dalesandro, A Martinez, B Hansen, J Theilacker, A Klebaner, R Wands 

DESIGN AND FABRICATION OF THE MU2E CRYOGENIC DISTRIBUTION SYSTEM ...................... 447 
Mike White, Mike Lamm, Andy Hocker, Don Arnold, Grzegorz Tatkowski, James Kilmer, 
Valeri Poloubotko, Terry Tope, Yuenian Huang, Luciano Elementi, Karie Badgley, Erik 
Voirin, Ian Young, Nandhini Dhanaraj, Jeff Brandt, Sandor Feher, Charles Hess 

HEAT EXCHANGERS 

EXPERIMENTAL AND NUMERICAL INVESTIGATION OF 2 K HEAT EXCHANGER FOR 
SUPERFLUID HELIUM CRYOGENIC SYSTEMS AT KEK ....................................................................... 455 

A Kumar, H Nakai, K Nakanishi, H Shimizu, Y Kojima, K Hara, T Honma 

NUMERICAL INVESTIGATION ON NON-EQUAL SECTION REGENERATORS 
PERFORMANCE FOR PULSE TUBE CRYOCOOLER ............................................................................... 463 

QL Zhu, YJ Liu, J Quan, ZL Wang, HL Chen, JT Liang 



THE CFD STUDY OF THREE-DIMENSIONAL MODEL OF POROUS MEDIUM 
REGENERATOR WITH OSCILLATING FLOW .......................................................................................... 470 

CY Chi, J Mou, M Q Lin, GT Hong, HL Chen 

ENTROPY GENERATION IN THE WOVEN MESH REGENERATOR FILLER OF 
CRYOCOOLERS ............................................................................................................................................. 478 

Ali Ghavami, Tao Fang, S Mostafa Ghiaasiaan 

HEAT TRANSFER 

ENTROPY ANALYSIS OF SUPPORT SYSTEMS IN MULTI-CHANNEL CRYOGENIC LINES ............ 487 
P Duda, M Chorowski, J Poliński 

EFFECT OF SOLID SURFACE IN VICINITY OF MULTI-BUBBLE ARRAY IN CRYOGENIC 
ENVIRONMENT ............................................................................................................................................. 495 

J Mondal, A Mishra, R Lakkaraju, M Ashokkumar, P Ghosh 

EFFECT OF CURVED RIGID SURFACE ON THE COLLAPSING CAVITATING BUBBLE IN 
CRYOGENIC ENVIRONMENT ..................................................................................................................... 503 

A Mishra, J Mondal, A Roy, R Lakkaraju, P Ghosh 

TRANSIENT CONJUGATE HEAT TRANSFER NUMERICAL SIMULATION IN 
SUPERFLUID HELIUM ................................................................................................................................. 511 

A Vitrano, R Bruce, B Baudouy 

HYDROGEN & NEON REFRIGERATION 

THERMODYNAMIC AND ECONOMIC ASPECTS OF THE NELIUM TURBO-BRAYTON 
REFRIGERATOR DEVELOPMENT FOR THE FCC-HH ............................................................................. 519 

S Savelyeva, S Klöppel, C Haberstroh, H Quack 

DYNAMIC SIMULATIONS OF MEDIUM-SIZED HYDROGEN LIQUEFIERS BASED ON 
ECOSIMPRO SIMULATION SOFTWARE ................................................................................................... 526 

J Li, L Q Liu, L Y Xiong, N Peng, K R Li, C L Ke 

IMPROVEMENT OF CRYOGENIC SYSTEM FOR CHINA SPALLATION NEUTRON 
SOURCE .......................................................................................................................................................... 534 

Ye Bin, He Chongchao, Ding Meiying, Zhang Yu, Wang Yaqiong, Li Na, He Kun 

INSTRUMENTATION AND CONTROLS 

THE DYNAMIC SYNTHESIS TIME-LAG CONTROL FOR THE 1.3 GHZ LCLS-II 
CRYOMODULE TEST AT FERMILAB ........................................................................................................ 539 

Liujin Pei, Ben Hansen, Jay Theilacker, Qing Pei 

DEVELOPMENT OF A CHATBOT APPLICATION FOR CRYOGENIC SYSTEM .................................. 546 
H.C. Li, C. C. Cheng, H.H. Tsai, F.Z. Hsiao, Y.Z. Lin, W.R. Liao, P.S. Chuang, W.S. Chiou, 
S.H. Chang 

TESTING OF HEAT FLUX SENSORS AT CRYOGENIC TEMPERATURES ........................................... 552 
W L Johnson, R Balasubramaniam, K Westra 



MODEL PREDICTIVE CONTROL FOR HELIUM COMPRESSION STATION: SIMULATION 
AND EXPERIMENTAL RESULTS ................................................................................................................ 560 

X.H. Pham, F. Bonne, M. Alamir, P. Bonnay, A. Attard 

SIMCRYOGENICS: A LIBRARY TO SIMULATE AND OPTIMIZE CRYOPLANT AND 
CRYODISTRIBUTION DYNAMICS ............................................................................................................. 568 

F. Bonne, S. Varin, A. Vassal, P. Bonnay, C. Hoa, F. Millet, J.-M. Poncet 

PART 2 

HIGH LEVEL GAMMA RADIATION EFFECTS ON PLATINUM AND SILICON DIODE 
CRYOGENIC TEMPERATURE SENSORS .................................................................................................. 576 

S S Courts 

HECAL: A CRYOSTAT FOR CALIBRATION OF HOT WIRES ................................................................. 584 
S Kharche, J P Moro, C Baudet, A Girard 

DESIGN OPTIMIZATION AND CALIBRATION OF A VOID FRACTION MEASUREMENT 
CAPACITANCE SENSOR FOR LN2 FLOW ................................................................................................. 591 

H N Nagendra, R Verma, P Sagar, K Akber, S Kasthurirengan, N C Shivaprakash, A K Sahu, 
U Behera 

THERMAL ACOUSTIC OSCILLATIONS: SHORT REVIEW AND COUNTERMEASURES .................. 599 
S. Putselyk 

LARGE SCALE REFRIGERATION & LIQUEFACTION 

PERFORMANCE ANALYSIS OF A NEW DOUBLE STAGE COMPRESSOR HELIUM 
LIQUEFACTION CYCLE ............................................................................................................................... 608 

H K Su, Z Y Li, L H Gong, W P Zhu, M M Zhang, Q M Jia 

DYNAMIC SIMULATION OF ITER CRYOGENIC SYSTEM UNDER D-T OPERATION ....................... 615 
R Maekawa, S Takami, A Iwamoto, H S Chang, D Grillot 

CRYOGENIC SYSTEM FOR SHANGHAI SYNCHROTRON RADIATION FACILITY ........................... 623 
Anne Barbier, Jieping Xu, Jian Cui, Annelise Machefel, Christophe Mantileri, Michel 
Maccagnan, Edouard Rogez, Mathieu Roig 

EXPERIENCE FROM THE OUTSOURCING OF THE CRYOGENIC OPERATION & 
MAINTENANCE AT CERN ........................................................................................................................... 631 

F Ferrand, P Gayet, N Guillotin 

PRELIMINARY CONCEPTUAL DESIGN OF FCC-HH CRYO-REFRIGERATORS: AIR 
LIQUIDE STUDY ........................................................................................................................................... 639 

L Tavian, F Millet, M Roig, G Zick, JM Bernhardt 

PROCESS CONTROL SYSTEM EVOLUTION FOR THE LHC COLD COMPRESSORS AT 
CERN ............................................................................................................................................................... 646 

B Bradu, L Delprat, E Duret, G Ferlin, B Ivens, V Lefebvre, M Pezzetti 

COMMISSIONING OF THE WARM COMPRESSOR SYSTEM FOR THE ESS 
ACCELERATOR CRYOPLANT .................................................................................................................... 654 

X L Wang, R Wischhoefer, P Selva, P Nilsson, J Råström, R Goncalves, M Olsson, P Arnold 



EXPERIENCES DURING DESIGN, FABRICATION, ASSEMBLY AND FACTORY 
ACCEPTANCE TEST OF THE ITER CRYOPLANT TERMINATION COLD BOX .................................. 662 

P Patel, H Vaghela, S Muralidhara, V Shukla, A Garg, J Das, B Dash, S Madeenavalli, H-S 
Chang, D Grillot, B Sarkar, M Cursan, K Oppolzer, F Sander, E Adler 

LARGE SCALE REFRIGERATION & LIQUEFACTION - FRIB 

FRIB CRYOGENIC SYSTEM STATUS ........................................................................................................ 670 
F Casagrande, V Ganni, P Knudsen, M Wright, S Jones, C Nguyen, A Fila, N Hassan, G 
Vargas, N Joseph, S Stanley 

FRIB HELIUM REFRIGERATION SYSTEM COMMISSIONING AND PERFORMANCE TEST 
RESULTS ......................................................................................................................................................... 678 

P Knudsen, V Ganni, N Hasan, M Wright, F Casagrande, G Vargas, N Joseph 

CRYOGENIC DESIGN OF FRIB CRYOMODULE AND DISTRIBUTION SYSTEM AND THE 
PRESENT STATUS ......................................................................................................................................... 685 

V Ganni, P Knudsen, F Casagrande, S Jones 

DESIGN, FABRICATION, COMMISSIONING AND TESTING OF FRIB 2 K COLD 
COMPRESSOR SYSTEM ............................................................................................................................... 693 

P Knudsen, V Ganni, F Casagrande, A Fila, N Hasan, M Wright, G Vargas, N Joseph 

FRIB CRYOGENIC CONTROL SYSTEM .................................................................................................... 701 
N Joseph, G Vargas, S Stanley, C Dudley, M Thrush, H Strong, P Knudsen, V Ganni, F 
Casagrande 

FRIB HELIUM COMPRESSION SYSTEM COMMISSIONING AND PERFORMANCE TEST 
RESULTS ......................................................................................................................................................... 709 

P Knudsen, V Ganni, M Wright, F Casagrande, G Vargas, N Joseph 

LARGE SCALE SYSTEMS 

THE ESS TEST AND INSTRUMENTS CRYOPLANT – FIRST TEST RESULTS AND 
OPERATION EXPERIENCES ........................................................................................................................ 716 

P Arnold, A Barbier, S Bigeard, R Goncalves, P Gourlet, P Nilsson, X T Su 

CRYOGENIC OPERATIONAL EXPERIENCE FROM THE LHC PHYSICS RUN2 (2015 – 2018 
INCLUSIVE) .................................................................................................................................................... 724 

K Brodzinski, B Bradu, L Delprat, G Ferlin 

CRYOGENIC SYSTEM DESIGN FOR THE ELECTRON-ION COLLIDER AT BROOKHAVEN 
NATIONAL LABORATORY ......................................................................................................................... 732 

DJ Ravikumar, R Than 

APPLICATION OF SUB-COOLED SUPERFLUID HELIUM FOR CAVITY COOLING AT 
LINAC-BASED FREE ELECTRON LASERS, ENERGY RECOVERY AND PROTON LINACS ............. 739 

S Putselyk 

CRYOGENIC MANAGEMENT OF THE LHC RUN 2 DYNAMIC HEAT LOADS ................................... 747 
B Bradu, K Brodzinski, G Ferlin 



THERMODYNAMIC AND COST-EFFECTIVENESS ANALYSES OF CHOSEN COOLING 
LOOPS FOR LOCAL PRODUCTION OF SATURATED SUPERFLUID HELIUM IN LARGE 
CRYOGENIC SYSTEMS ................................................................................................................................ 755 

J Fydrych, S Pietrowicz 

DESIGN STATUS OF THE ESS CRYOGENIC MODERATOR SYSTEM .................................................. 763 
H Tatsumoto, D Lyngh, Y Beßler, M Klaus, F Hanusch, P Arnold, H Quack 

CRYOGENIC SYSTEM FOR POLISH FREE ELECTRON LASER FACILITY ......................................... 771 
T Banaszkiewicz, M Chorowski, P Duda, J Poliński, S Pietrowicz, P Czuma, P Krawczyk, J 
Lorkiewicz, R Nietubyć, J Sekutowicz, J Tazbir, M Terka 

EXPERIMENTAL INVESTIGATIONS ON COLD RECOVERY EFFICIENCY OF PACKED-
BED IN CRYOGENIC ENERGY STORAGE SYSTEM ................................................................................ 777 

Rohan Dutta, Pavitra Sandilya 

HELIUM MANAGEMENT OF ESS CRYOPLANTS WITH COMMON SAFETY RELIEF 
HEADER AND RECOVERY SYSTEM ......................................................................................................... 785 

X T Su, P Arnold, P Nilsson, R Goncalves, X L Wang, J. G. Weisend II 

STABLE OPERATION OF CRYOGENIC SYSTEM AT 2K DURING THE RF OR MAGNET 
POWER VARIATIONS ................................................................................................................................... 792 

S Putselyk 

MEDICAL & BIOLOGICAL APPLICATIONS 

OXYGEN STORAGE MODULE WITH PHYSISORPTION TECHNOLOGY FOR CLOSED-
CIRCUIT RESPIRATORS .............................................................................................................................. 802 

A M Swanger, J E Fesmire, R Fernando 

DEVELOPMENT OF ZERO BOIL-OFF COOLING SYSTEMS FOR SUPERCONDUCTING 
SELF-SHIELDED MEG .................................................................................................................................. 810 

K Narasaki, S Tsunematsu 

THE MODELLING AND DESIGN OF AN MRI-COMPATIBLE CRYOSURGICAL PROBE ................... 818 
L Kossel, J Pfotenhauer, R Harter 

MOTORS & DEVICES 

A STUDY OF THERMAL PERFORMANCE CHANGE OF CRYOGENIC HEAT PIPES BY 
WICK STRUCTURES FOR WIDE RANGE OF WORKING FLUID FILLING RATIO .............................. 826 

R Wanison, N Kimura, M Murakami 

DESIGN AND EXPERIMENTAL RESEARCH OF THE CRYOGENIC EJECTOR TO INJECT 
LIQUID NITROGEN ....................................................................................................................................... 834 

Q M Jia, Z Y Li, L H Gong, L Q Liu, W P Zhu, M M Zhang, H K Su 

MOLECULAR SIMULATION ON ADSORPTION OF HELIUM BY ACTIVATED CARBON 
IN 4-10 K ......................................................................................................................................................... 842 

X T Xi, J Wang, L B Chen, Y Zhou, J J Wang 



SAFETY 

EFFECT OF MASS FLOW RATE ON GAS PROPAGATION AFTER VACUUM BREAK IN A 
LIQUID HELIUM COOLED TUBE. .............................................................................................................. 849 

Nathaniel Garceau, Shiran Bao, Wei Guo 

FAILURE MODES, EFFECTS AND CRITICALITY ANALYSIS OF A 3KW@4.5K HELIUM 
REFRIGERATOR ............................................................................................................................................ 857 

Y W Zong, Z W Zhou, Q Y Zhang, Z G Zhu, P C Yang, B Hu 

ANALYSIS OF FREEZING RISK DURING LNG EVAPORATION PROCESS ......................................... 864 
Arkadiusz Brenk, Zbigniew Rogala, Ziemowit Malecha 

NUMERICAL STUDY OF A CONSEQUENCE OF A VACUUM INSULATION 
DEGRADATION IN A CRYOGENIC SYSTEM ........................................................................................... 872 

A. Kopczynski, B. Baran, Z. Malecha 

STRUCTURES & CONTAMINENTS 

ELECTRICAL TREE AGING OF EPOXY-BASED NANOCOMPOSITES AT CRYOGENIC 
TEMPERATURE ............................................................................................................................................. 880 

Yongguang Wang, Rongjin Huang, Chuanjun Huang, Zhixiong Wu, Hongyu Dong, Fuzhi 
Shen, Kaikai Zhang, Xu Li, Laifeng Li 

HYDROGEN CONTAMINATION IN LIQUID HELIUM ............................................................................. 888 
J Will, C Haberstroh 

ULTIMATE TENSILE STRENGTHS OF 3D PRINTED CARBON-FIBER REINFORCED 
THERMOPLASTICS IN LIQUID NITROGEN .............................................................................................. 896 

M Hunt, K Salmon, J Haney, C Evans, A Gozen, J Leachman 

USE OF GALINSTAN AS A CONTACT AGENT FOR ADDITIVELY MANUFACTURED 
COMPONENTS IN CRYOGENIC ENGINEERING ...................................................................................... 902 

W Stautner, E Budesheim, R Chen 

SUB-ATMOSPHERIC REFRIGERATION 

JLAB CHL1 2K COLD BOX REPLACEMENT ............................................................................................. 913 
S Yang, K Dixon, N Laverdure, R Norton, C Butler, C MacDuffie, D Rath, R Brown, S 
Thompson, J Creel, R Sprouse, T Renzo, N Hasan 

COMMISSIONING PLAN FOR LCLS II 2 K COLD BOX ........................................................................... 920 
R. Bhattacharya, D. Arenius, C. Kaufmann, N. Laverdure, C. Scanlon, J. Hogan, M. Bevins 

SUB-KELVIN COOLING 

EXPERIMENTAL RESULTS OF ADR COOLING TUNED FOR OPERATION AT 50 MK OR 
HIGHER TEMPERATURE ............................................................................................................................. 928 

J.M. Duval, A. Attard, D.A.P. Brasiliano 

SORPTION COMPRESSOR EFFICIENCIES OF DIFFERENT DESIGNS .................................................. 935 
A Davidesko, N Tzabar 



CRYOCOOLED COLD TRAP SYSTEM FOR THE SUPERCDMS DILUTION 
REFRIGERATOR ............................................................................................................................................ 943 

G Tatkowski, M Hollister, R Dhuley, M Ruschman, D Bauer, P Lukens 

SUPERCONDUCTING MAGNET SYSTEMS 

THERMAL ANALYSIS OF A SUPERCONDUCTING UNDULATOR CRYOSTAT FOR THE 
APS UPGRADE ............................................................................................................................................... 951 

Y Shiroyanagi, E Anliker, Q Hasse, Y Ivanyushenkov, M Kasa, J Fuerst 

A NEW SUPERCONDUCTING UNDULATOR CRYOSTAT FOR THE APS UPGRADE ........................ 959 
E Anliker, J Fuerst, Q Hasse, Y Ivanyushenkov, M Kasa, Y Shiroyanagi 

THE EFFECT OF SHORTED SECONDARY CIRCUIT MATERIAL ON QUENCH 
PROTECTION OF AN HTS TAPE SOLENOID DISCHARGED ACROSS A VARISTOR ........................ 967 

Michael A. Green 

THERMO-ELECTRIC DESIGN OF THE PROTECTION AND DIAGNOSTIC FEEDERS OF 
THE HL-LHC TRIPLETS ............................................................................................................................... 975 

F. Pasdeloup, H. Prin, L. Williams 

THERMAL ENGINEERING OF OPTICAL MIRRORS FOR USE AT CRYOGENIC 
TEMPERATURE INSIDE A LHC MAGNET CRYOSTAT .......................................................................... 983 

F Micolon, T Dijoud, H Mainaud Durand, V Parma, V Rude, M Sosin 

SUPERCRITICAL HELIUM EXPANSIVITY EFFECTS ON MAGNET PROTECTION 
SYSTEMS ........................................................................................................................................................ 991 

M H Vanderlaan, T J Brumm 

FREQUENCY LOSS INDUCED QUENCH (FLIQ) PROTECTION SYSTEM FOR INSULATED 
COIL REBCO MAGNETS .............................................................................................................................. 997 

K Ijagbemi, D Davis, E Stiers, H Bai, S Pamidi 

THERMAL ANALYSIS AND CRYOGENICS OF THE BABY-IAXO MAGNET .................................... 1005 
H F P Silva, A Dudarev, N Bykovskiy, P Borges de Sousa, H H J ten Kate 

CRYOGENIC TESTING OF FAST RAMPING SUPERCONDUCTING MAGNETS FOR THE 
SIS100 SYNCHROTRON ............................................................................................................................. 1013 

A Bleile, I Datskov, E Fischer, H Khodzhibagiyan, V Marusov, C Roux, P Spiller, K Sugita, A 
Szwangruber 

VARIOUS QUENCH PROTECTION METHODS FOR HTS MAGNETS ................................................. 1019 
M. A. Green 

SUPERCONDUCTING RF SYSTEMS, POWER CABLES & LEADS 

ELECTRICAL FAULTS IN HIGH TEMPERATURE SUPERCONDUCTING POWER CABLES 
FOR MVDC POWER SYSTEMS OF ALL-ELECTRIC SHIPS ................................................................... 1027 

T Stamm, J H Choi, P Cheetham, C Park, C Kim, L Graber, S Pamidi 

DEMONSTRATION OF CW ACCELERATING GRADIENTS ON A CRYOGEN-FREE, 
CRYOCOOLER CONDUCTION-COOLED SRF CAVITY ........................................................................ 1035 

R C Dhuley, M I Geelhoed, Y Zhao, I Terechkine, M Alvarez, O Prokofiev, J C T Thangaraj 



ANALYSIS OF THE THERMAL RECOVERY OF HTS CABLES AFTER AN OVERCURRENT 
FAULT ........................................................................................................................................................... 1043 

J A Demko, R C Duckworth, G Churu, W Hasssenzahl 

INVESTIGATION OF CRYOGENIC MIXED-REFRIGERANT COOLED CURRENT LEADS 
IN COMBINATION WITH PELTIER ELEMENTS .................................................................................... 1051 

E Shabagin, K Raczka, S Grohmann 

THERMAL OPTIMIZATION OF FUNCTIONAL INSERTION COMPONENTS (FIC) FOR 
CRYOGENIC APPLICATIONS ................................................................................................................... 1058 

Q S Shu, J A Demko, J E Fesmire 

SUPERFLUID HELIUM 

DEVELOPMENT OF A HELIUM-3 CRYOSTAT FOR A ULTRA-COLD NEUTRON SOURCE ........... 1066 
Shinsuke Kawasaki, Takahiro Okamura, the TUCAN collaboration 

THERMO-FLUID ANALYSES FOR UCN CRYOGENIC SYSTEM ......................................................... 1074 
Takahiro Okamura, Shinsuke Kawasaki, the TUCAN collaboration 

COMPARATIVE STUDY OF HEAT TRANSFER PERFORMANCE AND VISUALIZATION 
IMAGES OF SUPERFLUID HELIUM BOILING IN NARROW TWO-DIMENSIONAL 
CHANNEL ..................................................................................................................................................... 1082 

S. Takada, H. Kobayashi, M. Murakami, N. Kimura 

TEST FACILITIES 

DESIGN AND COMMISSIONING OF A 700 W@3 K SUB-COOLED HELIUM TEST 
FACILITY ...................................................................................................................................................... 1090 

X F Lu, Q Y Zhang, A Y Chen, P Zhu, Z W Zhou, B Fu, S S Li 

CONTROL AND COMMISSIONING OF A SUBCOOLED HELIUM CRYOGENIC TESTING 
PLATFORM WITH COLD COMPRESSORS .............................................................................................. 1095 

Z W Zhou, Q Y Zhang, A Y Cheng, P Zhu, S S Li, Z G Zhu 

DESIGN, PROCUREMENT, INSTALLATION AND COMMISSIONING OF THE 
CRYOGENIC INFRASTRUCTURE FOR A NEW SUPERCONDUCTING RF TEST FACILITY 
WITH BEAM AT CERN ............................................................................................................................... 1103 

L Delprat, K Brodzinski, S Claudet, H Derking 

CRYOGENIC UPGRADE OF THE HELIUM CENTRAL LIQUEFIER AND 
SUPERCONDUCTING CABLE & WIRE TEST FACILITIES AT CERN.................................................. 1111 

O Pirotte, A Lees, T Barbe, T Dupont, M Pezzetti 

COMPACT CRYOGENIC TEST STAND FOR SUPERCONDUCTING MAGNETS 
CHARACTERIZATION ................................................................................................................................ 1119 

Romain Bruce, Sacha Soulerin, Denis Bouziat, Robin Cubizolles, Bernard Gastineau, 
François-Paul Juster, Philippe Bredy 

FERMILAB CRYOGENIC TEST FACILITIES ........................................................................................... 1127 
Joseph Hurd, Benjamin Hansen, Renzhuo Wang, Jerry Makara 



A LEAK DETECTION SYSTEM FOR VALVES COOLED TO 20 K WHILE COOLED WITH A 
GM CRYOCOOLER...................................................................................................................................... 1135 

B K Lyu, D Xu, A Nishimura, P Jia, R J Huang, C J Huang, F Z Shen, X Li, Y G Wang, W T 
Sun, L F Li 

COMMISSIONING OF THE CRYOGENIC PHASE EQUILIBRIA TEST STAND 
CRYOPHAEQTS ........................................................................................................................................... 1142 

J Tamson, P Blanck, S Grohmann 

THERMAL INSULATION SYSTEMS 

TESTING OF SHIIVER MLI COUPONS FOR HEAT LOAD PREDICTIONS .......................................... 1148 
W L Johnson, D Oberg, D Frank, V Mistry, F D Koci 

PERFORMANCE OF MLI SEAMS BETWEEN 293 K AND 20 K ............................................................. 1156 
W L Johnson, D J Chato 

EXPERIMENTAL INVESTIGATION ON COMBINATION OF VAPOR COOLED SHIELD 
(VCS) AND MULTILAYER INSULATION (MLI) FOR CRYOGENIC APPLICATION ......................... 1164 

W. B Jiang, Z. H. Yang, Z. Q. Zuo, P. J. Sun, P. Li, Y. H. Huang 

EXPERIMENTAL MEASUREMENTS ON MLI PERFORMANCE FROM 20-60 K TO 4.2 K ................ 1172 
V. Venturi, T. Koettig, M. Chorowski, J. Polinski, V. Parma 

MEASUREMENT OF HEAT FLUX IN MULTI-LAYER INSULATED HELIUM CRYOSTATS 
AFTER LOSS OF INSULATING VACUUM ............................................................................................... 1179 

C Weber, A Henriques, S Schirle, S Grohmann 

VISUALIZATION 

ADIABATIC TWO-PHASE FLOW PATTERNS FOR ZEOTROPIC MIXTURES OF 
TETRAFLUOROMETHANE/ETHANE IN A HORIZONTAL SMOOTH TUBE ...................................... 1187 

Q L Song, G F Chen, H C Wang, Z Deng, J Shen, M Q Gong 

EXPERIMENTAL STUDY OF CARBON DIOXIDE DESUBLIMATION AND SUBLIMATION 
PROCESS ON LOW TEMPERATURE SURFACE ..................................................................................... 1195 

Y N Wang, J M Pfotenhauer, L M Qiu, X Q Zhi, X B Jiang 

Author Index 

 




