
 
 

 
 
 
 
 
 
 
 
 
 
 
xxx 
 
 
 
 
 
 
 
 
 ISBN: 978-1-61738-784-5 
 

9th IIR-Gustav Lorentzen 
Conference on Natural  
Working Fluids 2010 
 
(GL 2010) 
 

Sydney, Australia  
12-14 April 2010 

 

Refrigeration Science and Technology Proceedings 2010-2 
 



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. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Copyright© (2010) by the International Institute of Refrigeration 
All rights reserved. 
 
Printed by Curran Associates, Inc. (2010) 
  
For permission requests, please contact the International Institute of Refrigeration 
at the address below. 
  
International Institute of Refrigeration 
177 Boulevard Malesherbes 
F 75017 Paris France 
 
 
Phone:  33 1 422 73 235 
Fax:  33 1 422 31 798 
 
iifiir@iifiir.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:      845-758-2634 
Email:   curran@proceedings.com 
Web:     www.proceedings.com 



TABLE OF CONTENTS 
 
 

COMPACT, LIGHTWEIGHT UNITARY-TYPE AIR-CONDITIONER USING TRANSCRITICAL 
R744 DESIGNED FOR ENERGY EFFICIENT OPERATION IN HOT CLIMATES................................................... 1

S. Elbel, J. Manzione, S. Collier, P. Hrnjak 
 

CO2 REFRIGERATION SYSTEMS FOR OFFSHORE PROCESS COOLING ............................................................ 9
Ben Adamson 

 

AN EXPERIMENTAL STUDY OF CO2 THERMODYNAMIC CYCLES ................................................................... 14
G. Montagner, C. Melo 

 

GROUNDWATER SYSTEM WITH AMMONIA HEAT PUMPS SAVES 70% OF ENERGY.................................. 22
Henrik Winther, Marcel Klootwijk 

 

TECHNICAL WORKSHOP: A CLOSER LOOK AT EVAPORATIVE ADIABATIC WET BULB 
COOLING AND DIABATIC DEW-POINT COOLING, USING WATER (R718) AS 
REFRIGERANT.................................................................................................................................................................. 30

P. Uges 
 

THEORETICAL ANALYSIS AND EXPERIMENTAL TEST OF A CO2 HOUSEHOLD HEAT 
PUMP DRYER .................................................................................................................................................................... 38

E. Fornasieri, F. Mancini, S. Minetto 
 

EFFECT OF POLYOLESTER OIL ON THE POOL NUCLEATE BOILING HEAT TRANSFER 
COEFFICIENT OF CARBON DIOXIDE......................................................................................................................... 46

Y. Takaishi, T. Sato, K. Oguchi 
 

DISTRIBUTED TEMPERATURE MEASUREMENTS ON A U-PIPE THERMOSYPHON 
BOREHOLE HEAT EXCHANGER WITH CO2 ............................................................................................................. 54

J. Acuna, B. Palm, R. Khodabandeh, K. Weber 
 

PERFORMANCE COMPARISON OF A STATIC ICE-BANK AND DYNAMIC ICE SLURRY 
COOL THERMAL ENERGY STORAGE SYSTEMS .................................................................................................... 62

M. Grozdek, T. Curko, R. Khodabandeh, P. Lundqvist, V. Soldo 
 

RESEARCH ON THE PERFORMANCE OF THE CO2 SCREW COMPRESSOR IN THE NH3/CO2 
CASCADE REFRIGERATION SYSTEM........................................................................................................................ 70

Li Jianfeng, Wang Bingming, Wu Huagen, Xing Ziwen 
 

DEVELOPMENT OF A TWIN SCREW CO2 COMPRESSOR AND ITS APPLICATION IN 
NH3/CO2 CASCADE REFRIGERATION SYSTEM ....................................................................................................... 77

Bingming Wang, Huagen Wu, Zhiqiang Yu, Shaoming Jiang, Ziwen Xing 
 

EFFECT OF THE APPROACH TO EQUILIBRIUM FACTOR IN AN ABSORPTION CYCLE 
WITH INTEGRATED COMPRESSION BOOSTER...................................................................................................... 83

R. Ventas, A. Lecuona, A. Zacarias, M. Venegas 
 

THERMAL CONDUCTIVITY ENHANCEMENT OF BINARY NANOEMULSIONS FOR 
ABSORPTION APPLICATION ........................................................................................................................................ 91

Hea Youn Sul, Jung-Yeul Jung, Yong Tae Kang 
 

THERMALLY-DRIVEN AMMONIA-WATER ABSORPTION SYSTEM .................................................................. 99
V. Minea 

 

LATEST DEVELOPMENTS IN COMPRESSORS AND REFRIGERATION SYSTEMS USING 
THE REFRIGERANT R744 (CO2).................................................................................................................................. 107

H. Kaiser, M. Froschle 
 

INDIVIDUALLY CONTROLLED EVAPORATORS IN AMMONIA SYSTEMS: HIGH -
EFFICIENCY SYSTEMS FOR ENERGY REDUCTION IN INDUSTRIAL REFRIGERATION 
PLANTS WITH AMMONIA ........................................................................................................................................... 115

A. Monsted, C. Madsen, L. Reinholdt, P. Schneider 
 

EXPERIMENTAL INVESTIGATION ON THE EFFECT OF MIXING LENGTH ON THE 
PERFORMANCE OF TWO-PHASE EJECTOR FOR CO2 REFRIGERATION CYCLE WITH AND 
WITHOUT HEAT EXCHANGER .................................................................................................................................. 123

M. Nakagawa, A. Marasigan, T. Matsukawa, A. Kurashina 
 

THERMODYNAMIC SIMULATION OF ALTERNATIVE ABSORPTION HEAT PUMPING 
PROCESSES USING NATURAL REFRIGERANTS ................................................................................................... 131

O. Kotenko, H. Moser, R. Rieberer 
 

CO2 COOLING FOR PARTICLE PHYSICS DETECTORS ....................................................................................... 139
A. Colijn, B. Verlaat 

 

CO2 SUPERMARKET REFRIGERATION SYSTEM FOR HOT CLIMATES......................................................... 147
M. Chiarello, S. Girotto, S. Minetto 

 



A CARBON DIOXIDE DOMESTIC HOT WATER HEAT PUMP WITH DOUBLE WALL PLATE 
HEAT EXCHANGER GAS COOLER............................................................................................................................ 155

E. Fornasieri, S. Girotto, F. Mancini, S. Minetto 
 

EXPERIMENTAL INVESTIGATION OF DIFFERENT EJECTOR GEOMETRIES FOR R-744 
TRANSCRITICAL SYSTEMS ........................................................................................................................................ 163

A. Hafner, Y. Ladam, Trond Andresen, Petter Neksa 
 

REVERSIBLE R744 (CO2) HEAT PUMPS APPLIED IN PUBLIC TRAINS............................................................. 171
A. Hafner, Oystein Christensen,  Petter Neksa 

 

1-D COMPUTATIONAL MODEL OF A MOTIVE NOZZLE FOR THE R744 TWO-PHASE 
EJECTOR .......................................................................................................................................................................... 179

K. Banasiak, A. Hafner, J. Smolka 
 

AN EXPERIMENTAL STUDY ON PERFORMANCE ASSESSMENT OF A TRANSCRITICAL 
CO2 HEAT PUMP SYSTEM UNDER VARYING REFRIGERANT CHARGE ........................................................ 187

Neeraj Agrawala, Souvik Bhattacharyyab, Prasant Nanda 
 

FLOODED COMPRESSION IN CO2 SCROLL COMPRESSORS ............................................................................. 192
I. Bell, E. Groll, J. Braun, T. Horton 

 

NATURAL WORKING FLUIDS BASED HEAT RECOVERY OPTIONS FOR DRYERS IN THE 
DAIRY INDUSTRY .......................................................................................................................................................... 201

J. Wang, D. Cleland, M. Atkins, J. Neale 
 

SOLAR COOLING IN AUSTRALIA: THE FUTURE OF AIRCONDITIONING? .................................................. 209
P. Kohlenbach, M. Dennis 

 

A PROGNOSIS OF EJECTOR COOLING.................................................................................................................... 218
M. Dennis 

 

GENETIC PROGRAMMING BASED NEW CORRELATION FOR TRAY POINT EFFICIENCY 
IN WIDE BOILING RANGE BINARY DISTILLATION ............................................................................................ 226

Parvin Jouybanpour, Norollah Kasiri, Mohammad Reza Ehsani 
 

IN-TUBE CONDENSATION HEAT TRANSFER OF CO2 AT LOW TEMPERATURES: A 
REVIEW ............................................................................................................................................................................ 231

O. Iqbal, P. Bansal 
 

ELEMENTAL MODELING OF AN EVAPORATOR IN A CASCADE REFRIGERATION 
SYSTEM............................................................................................................................................................................. 239

D. Gunawardane, P. Bansal 
 

EXPERIMENTAL INVESTIGATION OF HEAT TRANSFER TUBES IN A PHASE CHANGE 
THERMAL ENERGY STORAGE SYSTEM ................................................................................................................. 247

N. Tay, F. Bruno, M. Belusko 
 

ENERGY ANALYSIS OF VORTEX TUBE INTEGRATED TRANSCRITICAL CARBON 
DIOXIDE COMPRESSION REFRIGERATION SYSTEMS (VTITCCRS) ............................................................... 255

P. Bilga, S. Kaushik 
 

ON-SITE TESTING OF A NOVEL INDIRECT EVAPORATIVE COOLER............................................................ 262
F. Bruno 

 

AIR CONDITIONING WITH LIQUID SORPTION SOLUTION ............................................................................... 271
U. Franzke, C. Friebe, H. Rosenbaum 

 

DEVELOPMENT OF GENERAL-PURPOSE ENERGY SYSTEM ANALYSIS SOFTWARE—
ENERGY FLOW + M ....................................................................................................................................................... 279

K. Nakajima, K. Saito 
 

REDUCTION OF HEAT TRANSFER INSIDE COMPRESSOR COMBINED WITH EXPANDER ...................... 287
M. Wada, T. Hikichi, Y. Takahashi, H. Hasegawa 

 

THE STUDY OF A TWO-STAGE COMPRESSION CO2 CYCLE WITH TWO DIFFERENT 
TEMPERATURE EVAPORATORS ............................................................................................................................... 296

Eunsung Shin, Myoungseok Kwak, Sanghun Kim, Sunjo Kim 
 

DEVELOPMENT OF CO2 FREEZER FOR COMMERCIAL USE ............................................................................ 303
Satoshi Imai, Ryosuke Tsuihiji, Takeshi Ishii, Toru Mori, Takashi Sekiguchi, Fumihiko Kurita 

 

PERFORMANCE ANALYSIS OF WASTE HEAT-DRIVEN COOLING CUM DESALINATION 
ADSORPTION CYCLE.................................................................................................................................................... 310

Kyaw Thu, Bidyut Baran Saha, Anutosh Chakraborty, Kim Choon Ng 
 

PRELIMINARY TESTS ABOUT HEAT TRANSFER DURING FLOW BOILING OF A CARBON 
DIOXIDE AND PROPANE BLEND ............................................................................................................................... 319

F. De Rossi, S. Grauso, A. Mauro, G. Vanoli 
 

COMPARATIVE ANALYSIS OF SECONDARY CO2 SYSTEMS AND WATER BASED BRINES 
IN INDUSTRIAL AND COMMERCIAL REFRIGERATION APPLICATIONS ...................................................... 327

A. Mikhailov, H. Matthiesen 
 



EVOLUTION OF CO2 SYSTEMS DESIGN BASED ON PRACTICAL EXPERIENCES FROM 
SUPERMARKET INSTALLATIONS IN NORTHERN EUROPE .............................................................................. 335

H. Matthiesen, K. Madsen, A. Mikhailov 
 

AN OVERVIEW OF DEVELOPMENT AND TEST CAPABILITIES FOR CO2 COMMERCIAL 
REFRIGERATION SYSTEMS........................................................................................................................................ 343

T. Sienel, O. Finckh 
 

MARKET INTRODUCTION OF COMMERCIALLY VIABLE CO2 SUPERMARKET 
REFRIGERATION SYSTEMS........................................................................................................................................ 351

O. Finckh, T. Sienel 
 

EXPERIMENTAL STUDY ON WORKING STABILITY IN TRANSCRITICAL CO2 SYSTEM 
WITH EJECTOR .............................................................................................................................................................. 360

G. Chen, X. Xu, L. Tang, Z. Zhu, L. Liang 
 

EXPERIMENTAL ANALYSIS AND SIMULATION OF AN INTEGRATED CO2 HEAT PUMP 
FOR LOW-HEATING-ENERGY BUILDINGS............................................................................................................. 367

A. Heinz, K. Martin, R. Rieberer, O. Kotenko 
 

VAPOR PRESSURE OF ALKITRATE WORKING PAIRS FOR ABSORPTION 
REFRIGERATION CYCLES WITH HIGH TEMPERATURE DRIVING HEAT.................................................... 376

M. Alvarez, M. Bourouis, D. Salavera, X. Esteve 
 

EXPERIMENTAL EVALUATION OF A SMALL CAPACITY H2O-LiBr ABSORPTION HEAT 
PUMP IN COOLING AND HEATING MODES ........................................................................................................... 383

J. Labus, M. Marimon, A. Coronas 
 

STATE OF THE ART REVIEW OF ALTERNATIVES REFRIGERANTS IN AUTOMOTIVE AIR 
CONDITIONING SYSTEMS........................................................................................................................................... 391

E. Bandarra Filho, O. Mendonza 
 

EVAPORATIVE COOLING WITH CARBON DIOXIDE FOR THE DETECTORS UPGRADE AT 
THE LARGE HADRON COLLIDER ............................................................................................................................. 399

M. Oriunno, M. Cepeda, M. Convery, M. Gilchriese, W. Miller, Wei Shih, Su Dong 
 

IMPROVED ROTARY VANE EXPANDER FOR TRANSCRITICAL CO2 CYCLE BY 
INTRODUCING HIGH PRESSURE INTO THE VANE SLOTS ................................................................................ 407

Jia Xiaohan, Bo Zhang, Lei Pu, Xueyuan Peng 
 

MEASUREMENTS OF VAPOR-LIQUID EQUILIBRIUM PROPERTIES FOR THE BINARY 
REFRIGERANT, CARBON DIOXIDE + DIMETHYL ETHER ................................................................................. 415

Y. Kayukawa 
 

SALT SLURRIES AS SECONDARY REFRIGERANT................................................................................................ 421
A. Anastase, G. Tarlea, C. Infante Ferreira, A. Tarlea 

 

ANALYSIS OF THE USE OF DIFFERENT HEAT EXCHANGERS IN PROPANE HEAT PUMPS ..................... 429
F. Vera-Garcia, J. Garcia Cascales, J. Gonzalvez-Macia, J. Corberan-Salvador, S. Martinez-Ballester 

 

THE EVOLUTION OF CO2 REFRIGERATION FROM TRIAL TO ROLL OUT IN TESCO 
STORES ............................................................................................................................................................................. 437

A. Campbell, A. Pearson 
 

DETERMINING THE TRIBOLOGICAL PROPERTIES OF LUBRICANT – REFRIGERANT 
MIXTURES........................................................................................................................................................................ 445

M. Junk 
 

PRELIMINARY EXPERIMENTAL RESULTS OF A LIQUID DESICCANT COOLING SYSTEM 
AND COMPARISON WITH EMPIRICAL CORRELATIONS................................................................................... 452

M. Badami, J. Bruno, A. Coronas, J. Ortiga, A. Portoraro 
 

ENERGY EFFICIENCY COMPARISON OF THE CO2 CASCADE AND THE R404A AND R22 
CONVENTIONAL SYSTEM FOR SUPERMARKETS................................................................................................ 461

A. Silva, E. Almeida, E. Bandarra Filho 
 

DEVELOPMENT OF A SMALL SCALE AMMONIA/WATER ABSORPTION CHILLER................................... 469
T. Brendel, M. Zetzsche, H. Muller-Steinhagen 

 

MODELING AND PARAMETRIC ANALYSIS OF SILICA-GEL DESICCANT WHEELS................................... 475
R. Narayanan, W. Saman, S. White, M. Goldsworthy 

 

AMMONIA AND CO2 COMBINED PACKAGE SYSTEMS FOR COMMERCIAL AND 
INDUSTRIAL APPLICATIONS ..................................................................................................................................... 483

A. Andrusenko, M. Bellstedt, A. Arkal 
 

CO2-ONLY REFRIGERATION SYSTEMS WITH TWO-STAGE GAS COOLERS FOR THE 
AUSTRALIAN CLIMATE ............................................................................................................................................... 491

M. Bellstedt, C. Schoeffler, A. Andrusenko 
 

INFLUENCE OF SOLUTION HEAT EXCHAGER EFFICIENCY ON THE PERFORMANCE OF A 
SIMPLE EFFECT H20-LiBr ABSORPTION SYSTEM ................................................................................................ 499

G. Gutierrez, P. Rodriguez, M. Rodriguez, A. Lecuona 
 



IMPROVEMENT OF VANE MOTION IN A ROTARY VANE EXPANDER FOR A CO2 HEAT 
PUMP CYCLE................................................................................................................................................................... 506

Hyun J. Kim, Woo Y. Kim, Jong M. Ahn, Sung O. Cho 
 

SINGLE PHASE HEAT TRANSFER STUDY OF LITHIUM BROMIDE IN A BRAZED PLATE 
HEAT EXCHANGER ....................................................................................................................................................... 514

G. Gutierrez, P. Rodriguez, M. Rodriguez, J. Nogueira 
 

COMPACT BRAZED PLATE HEAT EXCHANGERS FOR CO2 HEAT PUMP WATER HEATERS .................. 522
D. Leighton, Y. Hwang, R. Radermacher 

 

PARAMETERS AFFECTING THE PERFORMANCE OF A DEWPOINT COOLER CONSISTING 
OF A COUNTER FLOW HEAT EXCHANGER USING WATER AS REFRIGERANT ......................................... 530

M. Janssen, P. Uges 
 

INVESTIGATION OF PERFORMANCE ENHANCEMENT OF TRANSCRITICAL VAPOR 
COMPRESSION SYSTEM WITH DISCONTINUOUS FINS...................................................................................... 539

P. Reasor, V. Singh, J. Winkler, R. Radermacher 
 

STATISTICAL STUDY OF EXPERIMENTAL RESULTS FOR AN ADIABATIC ABSORPTION 
SYSTEM............................................................................................................................................................................. 547

G. Gutierrez, I. Sanchez, P. Rodriguez, M. Garcia 
 

100kW CO2 WATER HEAT SOURCE HEAT PUMP DEVELOPMENT AND STUDY FOR THE 
GLOBAL FOOD PROCESSING INDUSTRIES............................................................................................................ 554

Hirokazu Yoneda, Motobumi (Mike) Ono, Takashi (Tom) Tamura 
 

SOLAR POWERED DIRECT DRIVE REFRIGERATORS WITH HYDROCARBON 
REFRIGERANTS ............................................................................................................................................................. 562

Per Henrik Pedersen, Janos Mate 
 

EVALUATION OF A VARIABLE SUCTION GAS HEAT EXCHANGER IN A LIQUID CHILLER 
SYSTEM USING CARBON DIOXIDE AS REFRIGERANT....................................................................................... 570

H. Rekstad, S. Sætrang, T. Eikevik, Y. Ladam 
 

ULTRA LOW CHARGED AIR COOLED AMMONIA CHILLERS .......................................................................... 578
P. Hrnjak 

 

SAFE USE OF HYDROCARBON BASED CHILLERS AND APPLICATION SOLUTION ................................... 590
A. Pachai, P. Harraghy 

 

RECENT DEVELOPMENTS OF SORPTION CHILLERS IN EUROPE .................................................................. 596
U. Jakob, P. Kohlenbach 

 

HEAT RECOVERY ON CO2 SYSTEMS IN SUPERMARKETS ................................................................................ 604
L. Reinholdt, C. Madsen 

 

AN HFC/HCFC FREE FOOD PROCESSING PLANT: THE ENERGY AND ENVIRONMENTAL 
BENEFITS OF A TWO STAGE TRANSCRITICAL CO2 REFRIGERATION PLANT........................................... 612

K. Visser 
 

NATURAL REFRIGERANTS IN DEVELOPING COUNTRIES, PROBLEMS AND 
SUGGESTIONS................................................................................................................................................................. 620

Risto Ciconkov 
 

COOLING OF SUPERHEATED REFRIGERANTS FLOWING INSIDE MINI AND MICRO 
TUBES, STUDY OF HEAT TRANSFER AND PRESSURE DROP, CO2 CASE STUDY ......................................... 630

M. Hammad, A. Alshqirate 
 

AIR COOLED CHILLERS WITH AMMONIA ............................................................................................................ 638
A. Pearson 

 

CO2 - A REFRIGERANT FROM THE PAST WITH PROSPECTS OF BEING ONE OF THE MAIN 
REFRIGERANTS IN THE FUTURE.............................................................................................................................. 646

P. Neksa, H. Walnum, A. Hafner 
 

EFFECTIVE THERMAL CONDUCTIVITY OF WATER BELOW 273,16 K .......................................................... 659
O. Tsvetkov, Y. Laptev 

 

EVALUATION OF SUCTION VALVE FAILURE MODES APPLIED IN CO2 COMPRESSOR ........................... 664
E. Gaertner, J. Fonseca 

 

PERFORMANCE ASSESSMENT OF AIR CONDITIONERS WITH HC-290.......................................................... 671
A. Padalkar, K. Mali, D. Rajadhyaksha, B. Wadia, S. Devotta 

 

Author Index 




