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ABSTRACT 

This paper presents the results of experiments conducted in a boundary layer wind tunnel on 

an architectural model of a typical naturally ventilated classroom. Indoor air velocity were 

measured inside the classroom model for 7 wind directions (0°, 15°, 30°, 45°, 60°, 75°, 90°) 

using the mean speed coefficient method. for each of the classroom con.figuration tested, a 

total of IS measurements were taken inside the model and the average velociry coefficient and 

the coefficient of spatial variation were computed orrelations and regressions of the 

experimental data collected resulted in the de elopment of a preliminary empirical model 

which provides a simple but imponant tool that can predict wind induced indoor air movement 

in naturally ventilated classrooms for various wind directions a is needed for the assessment 

of the indoor thermal comfon conditions. 

!' I 998 Publishc<l by liJscvi.:r ..:iem:.: Ltd. II rights reserved. 
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INTRODUCTION 

Incorporating natural ventilation in enhancing thermal comfort is a good passive design 

strategy to conserve energy in warm climates. While it is impossible to be comfortable 

throughout the day by depending solely on it, a good naturally ventilated designed building 

can at least reduce or minimise the energy consumed by air-conditioning and mechanical 

ventilation 

All public school in Malaysia rely on natural ventilation for comfort. Most of the classrooms 

are fitted with fans to assist in increa ing comfon levels. However, in schools where fans are 

not available. the sLUdent will thu have to rely totally on wind driven natural ventilation for 

comfort_ The de ign of the public school are standardised by the Government. To date, no 

0960·1481/98/$-see front matter© 1998 Published by Elsevier Science Ltd. All rights reserved. 
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work has been done to assess the efficiency of the school design in providing the right amount 
of air movement and air distribution for comfort. 

This paper describes tests conducted in a wind tunnel designed to study air movement inside 
naturally ventilated classrooms. The main focus was on investigating the effect of different 
wind directions on the internal air velocity and its distribution. The goal was to develop 
preliminary empirical model equations which can predict interior wind induced air velocity 
coefficients for variou wind dir ctions. 

EXPERIMENTAL SET-UP 

The experiments were conducted in a boundary wind tunnel which is I Sm long and with a 1 m 
by 

_
Im cross section ll has an axial flow fan driven by an 8.0 HP mqtor that is controlled by a 

van�ble. spee� control unit The first I 2m of the wind tunnel correspond to the flow processing 
section in which wooden blocks cover the floor to simulate the now approaching the model. 
The model is placed on a turntable immediately downwind of the flow processing section The 
model which were made of perspex, resembles a typical classroom that follows the standard 
design of public schools in 1alaysia. Corresponding to a scale of I :30, the overall dimensions 
of the model classroom is 250mm by 300mm and I 07mm high, which give�. a maximum wind 
tunnel blockage of 3 2% 

Wind velocities were measured directly at 15 equally spaced points in the model classroom 
(see Fig 1), using a velocity sensitive thermistor that is compensated for variations in 
airstream t�mperature. All interior measurements were taken at a model height of 3 7cm, 
correspon.d111g to the full scale head height of I l m of a seated person 2 els of experiments were earned out; case 1 wall comprising all windows as the windward sidl' and case 2 wall compr ising doors as the windward ide The log law (Ayn ley,et al 1977) was used to de cribe the venieal profile of the mean windspeed · 

Vz Vz1 In ( z I z,,) I In ( z1 I z,,) ; 
Yz Mean wind speed at height z above z,,(m/s) 
Yz1 Mean wind speed at some reference height z l  above z,, (m) 
zo = Terrain roughness length (m) 

The t�rrain type chosen for this study was for suburban areas with terrain roughness length of O.� Fig. 2 shows both the theoretical and measured boundary layer veloci�y profile used in this study. 

Table 1. Summary of results 

A 
Wind Dir.8 Case 1: Windows Case 2: Doors 
(Degrees) Cv Csv Cv Csv 

0 0.1591 0.0937 0.1459 0.1238 
f 

15 0.1576 0.0726 0.1509 0.1545 
2�0mm 

30 0.1585 0.0840 0.1699 0.2044 c 
45 0.1634 0.1049 0.1660 0.2070 

• • 

60 0.1450 0.1881 0.1272 0.1122 
75 0.0747 0.1249 0.0903 0.1056 
90 0.0584 0.0486 0.0593 0_0467 

JOO mm 

Fig. 1 : Sensor positions 
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RESULTS 

The mean windspeed coefficient method was used to assess the natural airflow (Aynsley et al 
1977). The coefficient, Cv. is the ratio of the mean windspeed at a point inside the room to the 
mean windspeed at a specified reference height In this study the reference height was taken to 
be !Om (0 33m model scale). The relative spatial uniformity . Csv, gives the overall spread of 
the local indoor velocity distributions ( Ernest et al 1991) Table l shows a brief summary of 
the values ofCv and Csv inside the model for the various wind incidences. Overall. the values 
of the Cv inside the classroom is rather low. Also, there is not much difference in the values of 
Cv between both cases. This is probably due to the low ratio of outlet to inlet size as the wall 
porosity of cases I and 2 are 15 6% and 18 4% respectively 

Prediction of mean elocitv c efficient with wind 111cidenc� 

The maximum mean velocity coefficient occurred at wind direction 45° and 30° for cases I 
and 2 respectively. while the minimum occurred at wind incidence 90� for both cases �hus, 
obliqse wind incidences increase the percentage of air movement w1th1n the room. Ft�. 3 
shows the variation of Cv with wind incidence for both cases Based on the multiple 
regression analysis conducted on the data collected. the following model equation was found 
to be able to predict the values of Cv in the classroom : 

Cv =A (Yr - Vi )+ B (Yr -Yi) Cos 8 + D 

Yr= Mean outdoor reference velocity (m/s) 
Vi= Mean indoor velocity (mis) 
8 =Wind direction (0° '.": 8 :::; 90°) 

The values of the coefficients are: 

A= -0 27 189. B = 0.0041, D = 0 80467 : Correlation (R2) = 0. 995 ( Case I) 
A= -0 34532, B = 0. 0004. D = 0. 9898 : Correlation (R 2) = 0 992 ( Case 2) 

(I) 
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ABSTRACT 

The purpose of this paper i to deal with envir nmcnt con cious design traditional!) regarded from an 

urop<an perspective. fr m the poi111 of view of a tropical ouniry Thl' reflections staned from the 

conceptual approach made by Rafael erra ( crra. 1997) about architecture for the day and for the ni!;ht. 

set in an uropean context. and the ad,quac and applicabilit) of the e con epts to the tropics From thl' 

beginning. it\ as evident that 1here are differences betwel!n the 1wo poi111s or view. r\s the ·uropean poi111 

of \ii!\\ is normally tauglu in Lat in American uni\•ersities without vrrJ much di cu sion. the aim of this 

paper i to rel1cc1 ab ut the difference in the concept and on the consequence of their application for the 

1111egrntion be1wecn d�i!!n and cl111111te inn tropical environment 
.,. 1998 Publish<d by EJsc,•icr dence Lld. All rights reserved. 

KEYWORDS 

European vs. tre'l��cal architecture; bio limatic architecture: architecture day and night; concepts for 

tropical architecture. energv and architecture 

ARCHITECTURE BY DAY AND BY NIGHT A"ID HISTORY 

From the begining of their history until the Middle Ages. cold country inhabitant , tr ing to proctect 

themselves from the hostile climate. constructed buildin�s similar tl• cave . ' id1 a small entrance door and 

no windows. or only small ones for communication, with heav · wall to insulale and keep the wannth f\t 

night. with all 1he opening closed for protection. ' ith every slit. loophole or crack blocked 10 avoid the 

frozen wind, and with no lights out idc. there was no "architecture by night" The European architcc1urc, 

which began in the Middle 1\ges. ould Onl express it sy111b lie reality by daytime. under daylight 

ontrasts of light and shadows from dayligh1ing enhan..:e the ar hit�ctural demi ls. defining wi1h more r 

less intensity. the volumes. with their elaborate profile and shapes. Windows didn't sho'� the indoor, 

\ hich remained as an ensemble f grey hndows. 1\t nigh1. buildings were no more than badl. defined 

shapes. without an • _ mbolic expression s a consequence. the architecture that must build structures 

which sho" s 'lllbolic and uffi ic1u reason for JX>"cr. could only ho\\ 1hc111 in the day11111e 
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