
Preprints 

International Symposium on 
Room Air Convection and Ventilation Effectiveness 

ISRACVE 

JULY 22-24, 1992 

University of Tokyo 



i 
l 
I 

j 

! 

I 

International Symposium on 

Room Air' Convection 
and 

Ventilation Effectiveness 

ISRACVE 

University of Tokyo, 22 - 24 July, 1992 

Chairperson 
Shuzo Murakami 

I.LS., University of Tokyo, Japan 

TOKYO 



... 

·'· 

.. 

-. ·-

This publication is supported by Institute of Industrial Science, 
University of Tokyo 

Copyright © 1992 by 

All rights reserved. 

as Seiken International Symposium 

Society of Heating, Air- Conditioning 
and Sanitary Engineers of Japan 

Reproduction or translation of any part of this work without the 
permission of copyright owner is unlawful. 
Requests for permission or further information should be addressed 
to the Society of Heating, Air- Conditioning and Sanitary 

Engineers of Japan. 
1-8-1 Kita Shinjuku Shinjuku-ku, Tokyo 169, Japan 

the Symposium Secretariat 
Murakami and Kato Laboratory 
1.1.S., University of Tokyo 

106, Japan 
in Japan 

1 

! 
\i 
~ 
~ 
:1 

' 
!l 
'• 

·: 

N. Arat 
L. L. Ct 

P.O.F 
S. Gotc 

O.T.G 
D. Int- f 

N. Ito ( .. 

S. Akab 
K. Asan 

T. ChibE 

T. ChibE 

T. Fujio~ 

M. Fuku 
T. Fukuc 

M. Funa 
0. Horig 

K. Ikeda 
J. Inoue 

M. Kaizu 

M. KamE 

llS 
SHASE 
ASH RAE 

AIJ 

JACA 

VSJ 



ence, 

bosium 

out the 

!dressed 

N. Aratani (Japan) 

L. L. Christianson (USA) 

P. 0. Fanger (Denmark) 

S. Gotoh (Japan) 

D. T. Grimsrud (USA) 

D. Int- Hout (USA) 

N. Ito (Japan) 

S. Akabayashi 

K.Asano 

T. Chiba 

T. Chiba 

T. Fujioka 

M. Fukumoto 

T . Fukuoka 

M. Funatsu 

0. Horiguchi 

K. Ikeda 

J. Inoue 

M. Kaizuka 

M. Kamata 

Symposium Chairperson 

S. Murakami 

Scientific Advisory Board 

K. Kimura (Japan) 

T. Kusuda (USA) 

M. W. Liddament (UK) 

Y. Matsuo (Japan) 

A. Moser (Switzerland) 

M. Narasaki (Japan) 

Organizing Committee 

T.Katayama 

S. Kato 

K. W. Kim 

N. Kobayashi 

T. Kobayashi 

Y. Kohno 

H. Komine 

I. Makimura 

H. Matsumoto 

T. Miyawaki 

S. Murakami 

K. Nakamura 

Sponsored by 

(Institute of Industrial Science, University of Tokyo) 

P. V. t\11111111111 (I) 
F. J. Orr. immark) 

11111,11111 (USA) 
T. Sha11q ( J 

' ,, 111\1\) 
J. Y. 8111111 (1 

•111111) 
Y.W.Wii(r•i 

• llr 1:1) 
S. Yos111hiw 

'' (.Jnpan) 

Y. Nak11111111 ,
1 

H. NakilYr1111,, 
S. Nog111;t 11 
K. Ogino 

I. Shibi1ll~ 
H. Tak;iy,1111 ,

1 
T. Tako11111 

K. Ui 

Y. Um1u11 

K. Yam~u111:111 
S. Yast11 01111 
H. Yosh1rin 

llS 
SHASE 
ASH RAE 

(Society of Heating, Air- Conditioning and Sanitary Engineera or 1 . """") 
(American Socirty of Heating, Refrigerating and Air - Condltlo11111u I' 

AIJ 

JACA 

VSJ 

In Cooperation with 

(Architectual Institute of Japan) 

(Japan Air Cleaning Association) 

(The Visualization Society of Japan) 

·llulnoors, Inc.) 



?1~ l"~- ..;~:_'· ;.'~ ... -......... ; · -~· -~- · - ._, ' ......... ~- ... · .... ~': .~ ... ·. . .., , . . , ~· .. :- . ·" ,., •'J''-···~-: 

!·· ·l •.• 

~:·.t ... J. . : . . .. ~~ .;.. : . .. .. . . . . . " . . 

Opening Session 

First Session 

i 

l 
i 

Second Session 

' 
· • .l > 

CONTENTS 

Keynote Lectures 

Ventilation Effectiveness and Purging Flow Rate -
A Review 

M. Sandberg 

New Scales for Ventilation Efficiency and Their 
Application Based on Numerical Simulation of Room Airflow 

s. Murakami 

Invited papers I 

Air Distribution Systans -
Room Air Movement and Ventilation Efficiency 

P. V. Nielsen 

The Role and Application of Ventilation Effectiveness 
in Design 

M. W. Liddament 

Nunerical Simulation of Roan Thermal Convection, -
Review of IEA Annex-20 Results 

A. Moser 

Natural Ventilation and Indoor Air Quality 

D. T. GrinLsrud 

Simulation of Roan Air Convect ion I 

Indoor Aerodynamics and Ventilation Design 
in Big Enclosed Spaces 

W. K. Chow, W. Y. Fung 

Numerical Simulation of Indoor Air Tenperature and 
Wall Heat Flow Distribution of a Heated and Cooled Room 

Y. Takenasa, T. Kurabuchi, · M. Kamata 

An Application of k- & Turbulence Model to Predict 
How a Rectangular Obstacle with Heat Flux 
in a Slot-ventilated Enclosure Affects Air Flow 

H. L. Owi, · H. T. ·Kim 
' • 

Numerical Study on Atri\111 by Means of Macroscopic Model 
and k - & Turbulence Model 

H. Niwa, Y. Kondo 

Evaluation of Ventilation Effectiveness and 
Worker Exposure at the Design Stage 

P. 0. Tjelflaat 

Swede11 .. ..... ·············· 

Japun ...... .. ... .......... 22 

De!llnlu·k 
··· ·········•·· ·•· 39 

U.K ......... .. ........ .. .... 59 

Swi tze1· 1,111i1 ......... .. . 
76 

U.S.A ........ . .. ........... 97 

Hong K1111" ...... ...... ... 111 

Japan ......... ............ 125 

Korea ....... .. 
. . ........... 131 

·Japan ......... 
. . .. .......... 148 

Norway ........ . ... .. ....... 154 



Third Session 

Fourth Session 

Fifth Session 

Displacement, Raised-floor ventilation 

Low-Impulse Ceiling Diffusor for Displacement Ventilation 

B. Kvisgaard, J. S. Madsen 

Comparison of Dilution and Displacement Ventilation 
for Thermal and Contaminant Control 
in a Sinrulated Office Environment 

H. D. Goodfellow, J. Grebenc 

The Field Measurements in the Occupied Zones 
Installed the Under Floor Air Conditioning Systems 

H. Hanzawa, Y. Nagasawa, T. Moriyama 

Simplified Calculation Model of Room Air Temperature 
Profile in Under-floor Air-conditioning System 

H. Ito, N. Nakahara • 

Ventilation Efficiency in a Two-dimensional Enclosure 
with a Supply Outlet in the Ceiling or in the Floor 

S. Nagano, T. Mima 

Simulation of Room Air Convection II 

Comparison of Two k- E Models for Simulation of 
Turbulent Natural Convection in a Square Cavity 

C.Beghein, C.Inard, F.Allard 

Two- and Three-Dimensional Finite-Volume Predictions of 
Flow in a Stairwell and Comparison with Experiment 

S. Ergin-07.kan, M. R. Mokhtarzadeh-Dehghan, 
A. J. Reynolds 

Computer Modelling of Stratified Flows 
inside an Experimental Building 

R.M. Aynsley, N.V. Orr, H.N. Neels 

A Numerical Prediction of Thermal Environment 
in a Room Heated with Floor Panels 

M. Kaizuka, S. Iwamoto, A. Ishii 

Clean Room, Specialized Ventilation 

A Study on Diffusion Property of Airborne Particles 
in Clean Room ' 

Y. Shibuy<l, H. Kobayashi 

Supply Plenum, Supply Air Volume and Air Flow Uniformity 
in Cleanrooms 

Denmark ••• ·•••••••••••••· 165 

Canada····················· 171 

Japan ••••••••••••••••••••• 177 

Japan ••••••••••••••••••••• 183 

Japan ••••••••••••••••••••• 189 

France····················· 195 

U. K. •••••••••••••••••••••••• 201 

New Zealand ·••···•·•·•· 207 

Japan ••••••••••••••••••••• 213 

Japan ••·••••••••••••••••·• 221 

J. Y. Sohn, H. 'J." Chang, W. S. Shim, C. S. Kim Korea ••··•••••·•·••·••••·• 230 

, Sixth Sessi 

Seventh Ses~ 



";\'1., ~' "• .. ~,. ~ "'"-.' '- , .. .1./' • ....... -, , .. t I.- ••• 

0

!"f' • ' " # .~'· -~ •.' •, " "'.•; •t,'l~· ' · .~ ~"-: <i •• """' ;", J,'jlo\ ,~ " f,•"" •:, <i,; ,, •, ,' ~~·"' -~ 

. .;. . 
I • ::• t .. 

··•···•···•····• 165 

·•·············· 171 

··············· ·· 177 

... ............ ... 183 

···•······•····•·· 189 

··•······•······•· 195 

................... 201 

and ·••·••····•· 207 

.................... 213 

·••·•··•••••····•·•· 221 

····•··•··•····•·•··· 230 

' 
i 
t 
1 . 

Sixth Session 

Seventh Session 

... 

.. . · 

Airflow Turbulence in a Unidirectional Cleanroom 

S. Fujii, K. Yuasa, Y. Arai, N. Ohigashi, Y. Suwa 

Study on Perfonnance of Air Curtain Enclosure 
for Local Cooling or Air-conditioning 

R. M. Ma, S. Q. Yian 

Perfonnance Comparison of Upward and Downward Ventilations 

I. G. Kim, H. Honma, S. Nagai. I. Ninomiya 

Sanitary Estimation of Vortex Air Circulation 
for Work-room Ventilation 

L. V. Kuz' mina, A. M. Popova, A. S. Gus' kov, 
L. S. !Jnitrieva 

Invited papers II 

Assessing Ventilation Effectiveness 
in Mechanically Ventilated Office Buildings 

A. Persily 

Air Exchange Effectiveness in Office Buildings : 
Measurement Techniques and Results 

W. J. Fisk. D. Faulkner 

Efficient Ventilation for Human Comfort 

P. 0. Fanger 

Modelling and Application of Ventilation 
Effectiveness 

Local Ventilation Effectiveness in the Breathing Zone 

J. 0. Sateri 

Mean Age of Room fu <~> for Ideal and 
Non-Ideal Flow Patterns 

S. Holmberg 

New Scales for Evaluating Ventilation Efficiency 
as Affected by Supply and Exha~ Openings 
Based on Spatial Distribution of Contaminant 

S. ·Kato, ·· S. Murakami, H. Kobayashi 

Calculation of Ventilation Effectiveness using Steady 
State Concentration Distributions and Turbulent Airflow 
Patterns in a Half Scale Office Building 

H. Han 

A Numerical Method for Predictin! Age of Aii in Rooms 

H. MatSumoto, M. Kato 

Japan ....... . ............. 236 

China ............. 
2 ........ 42 

Japan ....... . ............. 248 

Russia··············· ...... 254 

U.S.A . ..................... 260 

U.S.A ...................... 282 

Denmark .•. •. . . .. ... ... . .. 
296 

Finland .. . ... ...... ...... 
307 

Sweden ..................... 
313 

Japan ..................... 321 

Korea ..................... 
333 

Japan ..................... 339 



Eight I, I 
'/11', I 

, Ii,,, Simulation of Room Air Convection ill 

Ninth 1, 
I 1111 , , ,,,, 

,. 
Numerical Simulation of an Air Flow with Smoke Particles 
Caused by a Fire .. 

Y. Horibata 

Design of Smoke Control in Large Rock Premises 

H. M. Mathisen, 0. Meland, F. Frydenlund 

Highly Accurate and Non-Oscillatory Finite-Difference 
Approximation Method for Convection Diffusion Equations 

Y.Matsuo, .J. J. Yee, T. Kurabuchi, M. Kamata 
. . . 

Room Airflow Analysis by Means of 
Differential Stress Model 

H. Hiraoka, Y. Nakamura 

A Study on Differential Reynolds Stress Model 
for the Application to Air Flow in a Room 

M. Matsumoto, S. Hokoi, H. Hanibuchi 

Japan ..................... 345 

Norway ..................... 351 

Japan ..................... 358 

Japan ..................... 366 

Japan ..................... 372 

Measurement and Application of Ventilation 
Effectiveness 

New Model Concept to Control the Energy and Mass Transfer 
in a lbree-Dimensional Imperfectly Mixed Ventilated Space 

D. Berclarans, B. De Moor 

Ventilation Effectiveness in Multizone Buildings 

F. Haghighat, J. Rao 

Ventilation Efficiency in the Room with a Single Opening 

T. Yamanaka, M. Narasaki 

Measurement of Ventilation Effectiveness in an 
Airtight House with Mechanical Ventilation System 

H. Yoshino, M. Nagatomo, H. Kobayashi 

Measuring of Room Air Convection I 

Basic Study on Multi-Ceiling-Slots System for Controlling 
Air Movement in Occupied Space 

H. Kubota, N. Yamada 

Development and Evaluation of a New Scaling Method 
for Predicting Non-isothennal Room Ventilation Flows 

J.S.Zhang, L.L.Christianson, G.J.Wu 

Behavior of Compound Convections from a Vertical Cool 
Surface and from a Convector Sited under the Panel 

H. Kubota, Y. Ishidoya 

Belgium ...... ... ... ...... 378 

Canada ..................... 386 

Japan ..................... 392 

Japan ..................... 398 

Japan ..................... 407 

Canada .................. 413 

Japan .................. 428 

l 
I 
! 
' . 

Eleventh Se~ 

,. 

Twelfth Sess 

Thirteenth ~ 



Differential and Integral Method for Computing 
Interzonal Airflows Using Multiple Tracer Gases 

M. Fnai, N. Aratani, C. Y. Shaw, J. T. Reardon Japan .................. 540 

-Fourteenth Session Control and Evaluation of Ventilation System 

Control Method of the Ventilation Rate by Duct-type 
Central Air Conditioning System for the Residence 

S. Onishi, Y. Seshimo, H. lgarashi 

Decentralized Control of Air Distribution. 
for Individual Area Fnergy Management 

J. T. Gajjar 

Numerical Simulation of Indoor Air Environment 
in an Off ice Building 

Y. Suyama, M. Aoyama 

A Study on Ventilation of the Kitchen with a 
Range Hood Fan 

N.Gotoh, N.Ohira, T.Fusegi, I.Sakurai, T.Omori 

Prediction of Air Flow and Thermal Comfort in Offices 

H.B.Awbi, D.J.Croome, G.Gan 

Fifteenth Session Heat and ContC1T1inant Transport in Rocrn 

Effect of Ventilative Cooling 
on Indoor Thermal Environment 

K. Kimura 

Impact of Inter-Space Airflow on Air Humidity 
Behaviour within Buildings 

R. El Diasty, I. Budaiwi. P. Fazio 

Experimental Studies on the Influences of Indoor 
Airflow on the Characteristics of Radon Progenies 

K. Ikeda, M. Shimo 

Influence of Windows Openings on Building Thermal 
Characterization Using Identification Technique 

V.Richalet, F.Neirac 

s'inrulation on Temmture and Flow Field in The Atriwn 
(Partl. Computation of Solar Radiation, Radiative Heat 
Transfer, Air Flow, and Temperature) 

Y. Ozeki, S. Higuchi, T. Saito, S. Ohgaki, 
Y. Sanda 

Japan .................. 546 

U.S.A. • ................. 552 

Japan .................. 558 

Japan .................. 564 

U.K. .................. 570 

Japan .................. 578 

U.S.A. . ................. 584 

Japan .................. 606 

France .................. 612 

Japan •••••••••••••••••• 618 

s 

Seventeenth 
r -

' 

I 



•·••···•······· 540 

················ 546 

··········•·· ·•·• 552 

······ ·••····•··• 558 

•·••············•· 564 

•••••.••.••••.•..• 570 

••••·••·•··•·••••• 578 

•••••••••••·•••••• 584 

•••••••••••••••••• 606 

·····•·····•·••·•· 612 

.................. 618 

I 
I 

l 
I 
i 

I. 

' i 
j 

J •• 

·~-

' ;., .... 
t..'\1 .. :-• 

.... ~·4' ... 

Sixteenth Session Wind Induced Ventilation, Natural Convection 

Ventilation Characteristics of a Trombe Wall 
Thermosyphon Loop 

S. K. Chaturvedi, D. T. Chen, T. 0. Mohieldin 

Numerical Sinrulation of Cross-ventilation 
in a Single Unit House 

J. Tsutsumi, T. Katayama, T. Hayashi, P. He 

Field Experiment on Ventilation Characteristics 
in a Large-Scale Wholesale Market Building 

K. Deguchi, S. Murakami, S. Kato, T. Takahashi 

Study on the Smoke Movement in the Dome with the 
Retractable Roof under the Influence of Outer Wind 

A. Sekine, M.Shimura, K.Fujihashi 

Seventeenth Session Roan Air Convection in Large Spaces 

Sinrulation on Temperature and Flow Field in the Atrium 
(Part2. Comparison between Results from Experiments and 
Numerical Analysis, and Applications for Actual Design 
of Atrium) ·· 

U.S.A. . ................. 624 

Japan •·••••·••·•••··•·· 632 

Japan .................. 638 

Japan .................. 648 

Y. Sanda, S. Higuchi, T. Saito, S. Ohgaki, Japan ·•••·•·•••••••·••• 654 
Y. Ozeki 

Numerical Sinrulation of Velocity and Temperature Fields 
within Atri1111 Based on Modified k- £ Model Incorporating 
Damping Effect due to Thermal Stratification 

T. Chikamoto, S. Murakami, S. Kato 

Sinrulation and Evaluation of the Environment 
of a Large Scale Atrium 

N. Takahashi, E. Iwata, M. Funatsu 

Air Flow Studies in Larger Spaces: 
A Case Study of Kansai Int ernational Airport 
Passenger Terminal Building, Osaka, Japan 

A. Guthrie, H. Ikezawa, K. Otaka, R. M. H. Yau 

Japan •••••••••••••·•••• 660 

Japan ·•••••••••••·••••· 668 

U.K. . ••••••••••••••••. 674 


