
CONTENTS
Host Chapter ...........................................................................................................................................................xiv

Program Committee and Transactions Staff ...........................................................................................................xiv

Inaugural Address by Harley W. Goodman, Jr., 1999-2000 ASHRAE President ....................................................xv

Technical Program Abstracts ................................................................................................................................ xviii

TECHNICAL PAPERS

4272 (International Journal of Heating, Ventilating, Air-Conditioning and Refrigerating Research)
A New Sequencing Control Strategy for Air-Handling Units 

John E. Seem, Cheol Park, and John M. House ................................................................................ 3

4273 Filtration of Airborne Microorganisms: Modeling and Prediction 

W.J. Kowalski, William P. Bahnfleth, and T. S. Whittam .................................................................... 4

4274 (RP-945)  Overview of Existing Regulations for Ventilation Requirements of Enclosed 
Vehicular Parking Facilities

Moncef Krarti and Arselene M. Ayari................................................................................................ 18

4275 (RP-935)   Protocol for Field Testing of Tall Buildings to Determine Envelope Air Leakage Rate

William P. Bahnfleth, Grenville K. Yuill, and Brian W. Lee ............................................................... 27

4276 The Impact of Demand-Controlled and Economizer Ventilation Strategies on Energy Use in Buildings

Michael J. Brandemuehl and James E. Braun ................................................................................. 39

4277 Empirical Correlations for the Modeling of R-134a Flow Through Adiabatic Capillary Tubes

Cláudio Melo, Carlos Boabaid Neto, and Rogério Tadeu da Silva Ferreira ..................................... 51

4278 (RP-867)  Equilibrium Water Capacity of Desiccants in Mixtures of HFC Refrigerants 
and Appropriate Lubricants

Richard C. Cavestri and William R. Schafer..................................................................................... 60

4279 Multiphase Flow of Refrigerant 410A Through Short Tube Orifices

W. Vance Payne and Dennis L. O'Neal............................................................................................ 66

4280 On the Development of Rating Correlations for R-134a Flowing Through Adiabatic Capillary Tubes

Sih-Li Chen, Chen-Hua Liu, and Ching-Song Jwo ........................................................................... 75

4281 (RP-779)  Study of Fractionation of Refrigerant Blends in Contact with Lubricants and Measurement 
of the Solubility, Density, and Viscosity

Richard C. Cavestri and Eric A. Falconi ........................................................................................... 87

4282 (RP-860)   An Investigation of Thermal Comfort at High Humidities

Marc E. Fountain, Edward Arens, Tengfang Xu, Fred S. Bauman, and Masayuki Oguru................ 94

4283 An Optimization Method of District Heating and Cooling Plant Operation Based on Genetic Algorithm

Yoshiyuki Sakamoto, Akihiro Nagaiwa, Syuichiro Kobayasi, and Tsutomu Shinozaki................... 104

4284 CFD Modeling and Measurement of Aerosol Particle Distributions in Ventilated Multizone Rooms

Weizhen Lu, Andrew T. Howarth, Nor M. Adams, and Saffa B. Riffat............................................ 116

4285 (RP-745)   Comparison of Emissions from Selected Commercial Kitchen Appliances and Food Products

Thomas H. Kuehn, William D. Gerstler, David Y. H. Pui, and James W. Ramsey ......................... 128



4286 Current Methods to Handle Wall Conduction and Room Internal Heat Transfer

Morris G. Davies .............................................................................................................................142

4287 Design and Tuning of Robust PID Controller for HVAC Systems

Masato Kasahara, Tadahiko Matsuba, Yoshiaki Kuzuu, Takanori Yamazaki, 
Yukihiro Hashimoto, Kazuyuki Kamimura, and Shigeru Kurosu .....................................................154

4288 Development of Energy-Efficiency Standards for Indian Refrigerators

Pankaj Bhatia..................................................................................................................................167

4289 Domestic Hot Water Consumption of the Developed and Developing Communities in South Africa

Josua P. Meyer ...............................................................................................................................173

4290 Effects of Pen Partition and Diffuser Type on Occupied Zone Air Velocities in Typical Swine Buildings

John B. Priest, Ronaldo G. Maghirang, Gerald L. Riskowski, 
Leslie L. Christianson, and Eric J. Berglind ....................................................................................179

4291 Evaluation of the Correlations for Predicting Evaporative Loss from Water Body

T. Paul Yilmaz and Hikmet S. Aybar...............................................................................................185

4292 (RP-864)   Experimental Results for Diffusion and Infiltration of Moisture in Concrete Masonry Walls 
Exposed to Hot and Humid Climates

Mohammad H. Hosni, Jerry M. Sipes, and Michael H. Wallis.........................................................191

4293 (RP-921)    Field Study of Occupant Comfort and Office Thermal Environments in a Hot, Arid Climate

Krzysztof Cena and Richard J. de Dear..........................................................................................204

4294 Field-Measured Performance of Four Full-Scale Cylindrical Stratified Chilled-Water 
Thermal Storage Tanks

Amy Musser and William P. Bahnfleth............................................................................................218

4295 Frost Characteristics and Heat Transfer on a Flat Plate under Freezer Operating Conditions: 
Part I, Experimentation and Correlations

Y. Mao, R. W. Besant, and H. Chen ...............................................................................................231

4296 Frost Characteristics and Heat Transfer on a Flat Plate Under Freezer Operating Conditions: 
Part II, Numerical Modeling and Comparison with Data

Hong Chen, Robert W. Besant, and Yong X. Tao ..........................................................................252

4297 Ice Slurry Cooling Research: Storage Tank Ice Agglomeration and Extraction

Kenneth E. Kasza and Kanetoshi Hayashi .....................................................................................260

4298 Idealized Radiation Efficiency Model for a Porous Radiant Burner

Xiaoyong Fu, Raymond Viskanta, and Jayavant P. Gore...............................................................267

4299 (International Journal of Heating, Ventilating, Air-Conditioning and Refrigerating Research)
Local Heat Transfer Coefficients during Condensation of R-22 and R-32/R-125 Mixtures 

Steven J. Eckels and Brandon J. Unruh .........................................................................................274

4300 Local Mean Age Measurements for Heating, Cooling, and Isothermal Supply Air Conditions 

Hwataik Han, Thomas H. Kuehn, and Youngil Kim ........................................................................275

4301 (RP-824)   Measurement of Frost Characteristics on Heat Exchanger Fins, 
Part I: Test Facility and Instrumentation 

Leena Thomas, Hong Chen, and Robert W. Besant ......................................................................283



4302 (RP-824)    Measurement of Frost Characteristics on Heat Exchanger Fins, Part II: Data and Analysis 

Hong Chen, Leena Thomas, and Robert W. Besant ...................................................................... 294

4303 (RP-745)    Measurements of the Effluent from Hamburger Cooked on a Gas Underfired Broiler 

William D. Gerstler, Thomas H. Kuehn, David Y. H. Pui, and James W. Ramsey ......................... 303

4304 (International Journal of Heating, Ventilating, Air-Conditioning and Refrigerating Research) 
Parameter Estimation and the Use of Catalog Data in Modeling Heat Exchangers and Coils 

Roger J. Rabehl, John W. Mitchell, and William A. Beckman ........................................................ 316

4305 (International Journal of Heating, Ventilating, Air-Conditioning and Refrigerating Research) 
Performance Analysis of a Combined Desiccant/Absorption Air-Conditioning System

Edward N. Schinner, Jr. and Reinhard Radermacher .................................................................... 317

4306 Performance of a Volumetric Method for Measuring State of Charge for Ice Storage Systems 

Jonathan D. West and James E. Braun ......................................................................................... 318

4307 Predicting Optical and Thermal Characteristics of Transparent Single-Glazed Domed Skylights 

Abdelaziz Laouadi and Morad R. Atif ............................................................................................. 325

4308 (RP-968)   Pressure Loss Coefficients of Threaded and Forged Weld Pipe Fittings for Ells, 
Reducing Ells, and Pipe Reducers 

William J. Rahmeyer....................................................................................................................... 334

4309 (RP-968)    Pressure Loss Coefficients of Pipe Fittings for Threaded and Forged Weld Pipe Tees 

William J. Rahmeyer....................................................................................................................... 355

4310 (RP-761)    Real-Time Determination of Lubricant Concentrations Dissolved in Alternative Refrigerants 

Richard C. Cavestri and William R. Schafer................................................................................... 386

4311 Sink Characteristics of a Full-Scale Environmental Chamber and Their Impact 
on Material Emission Testing

J.S. Zhang, G. Nong, and C.Y. Shaw............................................................................................. 400

4312 (RP-927)    Validation of a Zero-Equation Turbulence Model for Complex Indoor Airflow Simulation 

Jelena Srebric, Qingyan Chen, and Leon R. Glicksman ................................................................ 414

4313 A Comparison of R-22, R-134a, R-410a, and R-407c Condensation Performance 
in Smooth and Enhanced Tubes: Part I, Heat Transfer

Steve J. Eckels and Brian A. Tesene ............................................................................................. 428

4314 A Comparison of R-22, R-134a, R-410a, and R-407c Condensation Performance 
in Smooth and Enhanced Tubes: Part II, Pressure Drop

Steve J. Eckels and Brian A. Tesene ............................................................................................. 442

4315 (RP-949)Comparison of Energy Consumption between Displacement and Mixing Ventilation Systems 
for Different U.S. Buildings and Climates

Shiping Hu, Qingyan Chen, and Leon R. Glicksman...................................................................... 453

4316 A Transient Two-Dimensional Finite Volume Model for the Simulation of Vertical U-Tube
Ground Heat Exchangers

Cenk Yavuzturk, Jeffrey D. Spitler, and Simon Rees ..................................................................... 465

4317 A Short Time Step Response Factor Model for Vertical Ground Loop Heat Exchangers

Cenk Yavuzturk and Jeffrey D. Spitler............................................................................................ 475



SYMPOSIUM PAPERS

SE-99-1 New Load Calculation Methods and Data

Development of Periodic Response Factors for Use with the Radiant Time Series Method 

Jeffrey D. Spitler and Daniel E. Fisher............................................................................................491

The Effect of Beam Solar Radiation Distribution on Peak Cooling Loads 

Douglas C. Hittle .............................................................................................................................510

Proposals for a Building Loads Diagnostic Test Procedure 

Simon J. Rees and Jeffrey D. Spitler ..............................................................................................514

Experimental Results for Heat Gain and Radiant/Convective Split from Equipment in Buildings (RP-1055)

Mohammad H. Hosni, Byron W. Jones, and Hanming Xu ..............................................................527

SE-99-2 Optimal Control of Cooling Systems: New Results

Planning Horizon for a Predictive Optimal Controller for Thermal Energy Storage Systems

Moncef Krarti, Gregor P. Henze, and Dagfinn Bell .........................................................................543

The Impact of Forecasting Uncertainty on the Performance of a Predictive Optimal Controller 
for Thermal Energy Storage Systems

Gregor P. Henze and Moncef Krarti................................................................................................553

Economic Analysis of Optimized Control of Central Cooling Plants

Ronald C. Kammerud and Steven L. Blanc ....................................................................................562

SE-99-3 Water Treatment for the Year 2000

An Innovative Electronic Descaling Technology for Scale Prevention in a Chiller 

Young I. Cho and William T. Taylor ................................................................................................581

Update on Legionnaires’ Disease and Cooling Systems: Case History Reviews—
What Happened/What To Do and Current Guidelines 

Paul R. Puckorius ...........................................................................................................................587

Control of Legionnaires’ Disease—An Australian Perspective 

Clive R. Broadbent..........................................................................................................................595

Laboratory Observations of Biocide Efficiency against Legionella in Model Cooling Tower Systems (RP-954)

William M. Thomas, Jason Eccles, and Colin Fricker .....................................................................607

SE-99-4 Advances in Thermal and Fluid Aspects of Alternative Refrigerants/Refrigerant Mixtures

Two-Phase Flow Condensation Characteristics of Alternatives to R-502 
Inside Air/Refrigerant Enhanced Surface Tubing 

Samuel M. Sami and Michel Fontaine ............................................................................................627

An Experimental Study of the Performance of Capillary Tubes for R-407C Refrigerant 
Chung-Zu Wei, Yur-Tsai Lin, Chi-Chuan Wang, and Jin-Sheng Leu..............................................634

A Comparison of R-22, R-134a, R-410a, and R-407c Condensation Performance 
in Smooth and Enhanced Tubes: Part I, Heat Transfer 

Steve J. Eckels and Brian A. Tesene
(See Technical Paper 4313, p. 428)

A Comparison of R-22, R-134a, R-410a, and R-407c Condensation Performance
in Smooth and Enhanced Tubes: Part II, Pressure Drop 

Steve J. Eckels and Brian A. Tesene
(See Technical Paper 4314, p. 442)



SE-99-5 HVAC Is for People Too

Air Humidity Requirements for Human Comfort 

Jørn Toftum and P. Ole Fanger...................................................................................................... 641

Thermal Comfort Requirements: A Study of People with Multiple Sclerosis 

Lynda H. Webb, Kenneth C. Parsons, and Simon G. Hodder........................................................ 648

Occupant Feedback Questionnaire Producing a Fingerprint and a Score 

Geoffrey J. Levermore, David J. Lowe, and James W. Ure ........................................................... 661

Use of a Portable Indoor Environmental Quality Logger for Indoor Environmental Quality Assessment

Daniel W.T. Chan, John Burnett, and Horace K.W. Mui................................................................. 671

SE-99-6 Accuracy Tests for Simulation Models

An Overview of Validation Methods for Energy and Environmental Software 

D.P. Bloomfield............................................................................................................................... 685

Validation of Two French Building Energy Programs, Part 1: Analytical Verification 

Gilles Guyon and Elena Palomo..................................................................................................... 694

Validation of Two French Building Energy Programs, Part 2: Parameter Estimation 
Method Applied to Empirical Validation 

Gilles Guyon and Elena Palomo..................................................................................................... 709

Adaptation of the BESTEST Intermodel Comparison Method for Proposed ASHRAE Standard 140P: 
Method of Test for Building Energy Simulation Programs

Ronald D. Judkoff and Joel S. Neymark......................................................................................... 721

SE-99-7 Performance of Air Diffusion Systems in Terms of Thermal Comfort, IAQ, and Energy Efficiency

Floor-Supply Displacement Air-Conditioning: Laboratory Experiments 

Takashi Akimoto, Tatsuo Nobe, Shin-ichi Tanabe, and Ken-ichi Kimura ....................................... 739

The Influence of Heat and Contaminant Source Nonuniformity on the Performance of Three Different 
Room Air Distribution Methods 

Kim H. Hagström, Alexander M. Zhivov, Kai Sirén, and Leslie L. Christianson ............................. 750

Study on the Applicability of the Desk Displacement Ventilation Concept 

Marcel G.L.C. Loomans.................................................................................................................. 759

Comparison of Energy Consumption between Displacement and Mixing Ventilation Systems 
for Different U.S. Buildings and Climates 

Shiping Hu, Qingyan Chen, and Leon R. Glicksman

(See Technical Paper 4315, p. 453)

SE-99-9 Application of New Technologies in the Design of District Heating and Cooling

An AHP Approach for Evaluating Geothermal District Energy Systems 

A. Eltez, B.I. Kilkis, and M. Eltez .................................................................................................... 771

Infrared Thermography for Condition Assessment of Buried District Heating Piping

Gary Phetteplace............................................................................................................................ 776

Dynamics of Primary/Secondary Chilled Water Systems

Kirby P. Nelson............................................................................................................................... 782

TEA—Temperature and Energy Accumulated 

Bent A. Borresen and Audun V. Marken ........................................................................................ 789



SE-99-10 Proven Strategies for Reducing Building’s Energy Impact on the Environment

Improving the Environmental Performance of a Small-Scale Industrial Building Project 

Janice C. Peterson, Nathan L. Good, Ron W. Parr, Randy D. Nicolay, and Robert Millican..........797

Low-Energy Building Design—the Process and a Case Study 

Paul A. Torcellini, Sheila J. Hayter, and Ron Judkoff .....................................................................802

BREEAM Strategy for Reducing Buildings’ Environmental Impact 

Jiri Skopek ......................................................................................................................................811

Process Makes Product: Demonstration Green Building at Canadian University

Jorge Marques, Freda Pagani, and Joanne Perdue .......................................................................819

SE-99-11 Residential Ventilation and IAQ

Residential Pollutants and Ventilation Strategies:  Moisture and Combustion Products 

Daniel E. Hadlich and David T. Grimsrud .......................................................................................833

Residential Pollutants and Ventilation Strategies: Volatile Organic Compounds and Radon 

David T. Grimsrud and Daniel E. Hadlich .......................................................................................849

Passive Ventilation for Residential Air Quality Control 

James Axley....................................................................................................................................864

Occupant Interaction with Washington State Ventilation and Indoor Air Quality Code Mandated Whole 
House Ventilation Systems: Telephone Survey Results—Washington State University Energy Program

John Devine, Rick Kunkle, and Michael Lubliner............................................................................877

Simplified Tools for Evaluating Domestic Ventilation Systems

Lars-Göran Månsson and Malcolm Orme.......................................................................................881

SE-99-12 Advances in Evaluating Window Performance

Determination of the Overall Heat Transmission Coefficient (U-Value) of Vacuum Glazing 

T.M. Simko, A.H. Elmahdy, and R.E. Collins ..................................................................................891

Convective Heat Transfer Correlations for Fenestration Glazing Cavities: A Review 

Yie Zhao, Dragan Curjica, and William P. Goss .............................................................................900

A New Approach to Edge-Glass Temperature Prediction and Its Application to Predicting 
Thermal Breakage in Insulated Glazing Units 

John L. Wright and Christopher J. Barry.........................................................................................909

Comparison of the Thermal Performance of an Exhaust-Air Window and a Supply-Air Window 

K.H. Haddad and A.H. Elmahdy .....................................................................................................918

SE-99-13 Application of Heat and Mass Balance Methods to Energy and Thermal Load Calculations

On the Significance of Modeling Internal Surface Convection in Dynamic Whole-Building 
Simulation Programs 

Ian Beausoleil-Morrison and Paul Strachan....................................................................................929

Modeling the Energy Effects of Combined Heat and Mass Transfer in Building Elements: Part 1—Theory

R.J. Lieson and C.O. Pederson ......................................................................................................941

Modeling the Energy Effects of Combined Heat and Mass Transfer in Building Elements: 
Part 2—Application to a Building Energy Analysis Program and Examples 

R.J. Lieson and C.O. Pederson ......................................................................................................954



A Comparison of Coupled and Decoupled Solutions for Temperature and Air Flow in a Building 

Jan Hensen .................................................................................................................................... 962

SE-99-14 Lubricant Properties—Test Methods and Data Update

Miscibility Comparison for Three Refrigerant Mixtures and Four Component Refrigerants

Hyeun-Mee Kang and Michael B. Pate .......................................................................................... 973

Physical and Chermical Properties of Refrigeration Lubricants

Motoshi Sunami.............................................................................................................................. 983

Determination of Properties of Highly Optimized Polyolester Lubricants

P.T. Gibb, A.J. Whitaker, S. Corr, R. Yost, and M. Shoji................................................................ 995

Determination of Properties of PVE Lubricants with HFC Refrigerants

Masato Kaneko, Shuichi Sakanoue, Toshihiro Tazaki, Shoichi Tominaga, 
Minoru Takagi, and Mark Goodwin............................................................................................... 1000

SE-99-15 Performance Evaluation of Window Frames and Attachments

Calculating the Solar Heat Gain of Window Frames 

John L. Wright and Alex McGowan .............................................................................................. 1011

Calorimetric Measurement of the Inward-Flowing Fraction of Absorbed Solar Radiation in Venetian Blinds

M.R. Collins and S.J. Harrison ..................................................................................................... 1022

Convective Heat Transfer from a Window with a Venetian Blind: Detailed Modeling 

P. Ye, S.J. Harrison, P.H. Oostuizen, and D. Naylor.................................................................... 1031

Measurement of the Solar Heat Gain Coefficient and U-Value of Windows with Insect Screens 

Alfred Brunger, Francois M. Dubrous, and Stephen J. Harrison .................................................. 1038

SE-99-16 Use of Uncertainty Analysis in Design and Performance Evaluations

Engineering Uncertainty Analysis in the Evaluation of Energy and Cost Savings of Cooling 
System Alternatives Based on Field-Monitored Data (RP-1004)

T. Agami Reddy, Jeff S. Haberl, and James S. Elleson ............................................................... 1047

Evaluating the Uncertainty in Cool Storage Inventory Using an Energy Balance Method 

Emanuel G. D’Albora and Kenneth L. Gillespie............................................................................ 1058

Economic Uncertainties in Chilled Water System Design 

Ron Kammerud, Kenneth L. Gillespie, Jr., and Mark M. Hydeman.............................................. 1075

SE-99-17 Air Sampling Technologies for Air Quality Monitoring and Control

Air Sampling Using a Shared-Sensor, Vacuum-Draw Approach 

David W. Bearg ............................................................................................................................ 1089

Development of PIV Techniques to Measure Airflow Patterns in Ventilated Airspaces 

Lingying Zhao, Yuanhui Zhang, Xinlei Wang, G.L. Riskowski, and L.L. Christianson.................. 1098

Development of a Multipoint Aerosol Sampler Using Critical Flow Control Devices 

Xinlei Wang, Yuanhui Zhang, Lingying Zhao, and Gerald L. Riskowski....................................... 1108

SE-99-18 Documenting and Optimizing the Performance of Operating Thermal Storage Systems

Performance of a Hotel Chilled Water Plant with Cool Storage 

Kenneth L. Gillespie, Steven L. Blanc, and Steven Parker .......................................................... 1117



Chilled Water Storage Cooling System for an Army Installation 

Chang W. Sohn, Jerry Fuchs, and Michael Gruber ......................................................................1126

Rehabilitating a Thermal Energy Storage System through Commissioning 

Mingsheng Liu, Bryan Veteto, and David E. Claridge...................................................................1134

SE-99-19 Flammability Test Methods

Flammability Estimation and Fitting to Experimental Data for Complex Mixtures 

Robert Richard..............................................................................................................................1143

Experimental and Numerical Analyses of Refrigerant Leaks in a Closed Room 

Osami Kataoka, Satoshi Ishida, Taku Hirakawa, and Masahito Yoshizawa.................................1151

An Alternative Approach to Measuring the Critical Flammability Ratio of R-125/R-32 

William Grosshandler, Michelle K. Donnelly, and Carole Womeldorf ...........................................1159

The Flammability of R-245ca 

Michelle K. Donnelly and William Grosshandler ...........................................................................1169

SE-99-20 Geothermal Heat Pump Systems in Commercial Buildings: Empirical Studies

A New Comparison of Vertical Ground Heat Exchanger Design Methods for Residential Applications 

John A. Shonder, Van Baxter, Jeff Thornton, and Patrick J. Hughes ...........................................1179

Implications of Measured Commercial Building Loads on Geothermal System Sizing 

Hugh I. Henderson, Jr. ..................................................................................................................1189

Benchmark for Performance: Geothermal Applications in Lincoln Public Schools 

John A. Shonder, Michaela A. Martin, Terry R. Sharp, David J. Durfee, and Patrick J. Hughes..1199

Comparing Maintenance Costs of Geothermal Heat Pump Systems with Other HVAC Systems 
in Lincoln Public Schools: Repair, Service, and Corrective Actions 

Michaela A. Martin, David J. Durfee, and Patrick J. Hughes ........................................................1208

SE-99-21 Geothermal Heat Pump Systems in Commercial Buildings: Analytical Studies

Energy Use of Ventilation Air-Conditioning Options for Ground-Source Heat Pump Systems 

Steve Kavanaugh..........................................................................................................................1219

Non-Dimensional Pumping Power Curves for Water Loop Heat Pump Systems 

Michel Bernier and Nicolas Lemire ...............................................................................................1226

A Transient Two-Dimensional Finite Volume Model for the Simulation of Vertical U-Tube 
Ground Heat Exchangers 

Cenk Yavuzturk, Jeffrey D. Spitler, and Simon J. Rees

(See Technical Paper 4316, p. 465)

A Short Time Step Response Factor Model for Vertical Ground Loop Heat Exchangers 

Cenk Yavuzturk and Jeffrey D. Spitler

(See Technical Paper 4317, p. 475)

A Preliminary Evaluation of the DOE-2.1E Ground Vertical Well Model Using Maxey 
School Measured Data 

Howard A. McLain and Michaela A. Martin ...................................................................................1233



SOCIETY BUSINESS

1998-99 ASHRAE Officers, Directors, Committee Members, and Staff..............................................................1247

ASHRAE Chapter Officers ..................................................................................................................................1251

ASHRAE Technical Committees and Task Groups ............................................................................................1254

ASHRAE Standards and Guidelines Project Committees...................................................................................1275

ASHRAE Past Meetings......................................................................................................................................1283

Society Presidents ..............................................................................................................................................1285

ASHRAE Honors and Awards.............................................................................................................................1286

ASHRAE Intersociety Representatives ...............................................................................................................1299

ASHRAE Associate Societies .............................................................................................................................1300

In Memoriam .......................................................................................................................................................1302

Index of Technical and Symposium Papers, Volume 105, Part 2 .......................................................................1305



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


