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ABSTRACT: This paper discusses the potential dyeqgpnight ventilation as a passive cooling tectug for Malaysian
terraced houses based on the results of a fullesiald experiment. The results revealed that nigirtilation provides
better diurnal and nocturnal air temperature redoat than daytime ventilation, full-day ventilatiand no ventilation.
Night ventilation improves thermal comfort morerththe other ventilation conditions based on operatiemperature.
However, further measure to lower indoor humiditgts as by dehumidification or to increase indoanaglocity such as
by fan may be required to improve the thermal ctiowliin the night ventilated room in terms of SE&%pecially in the
daytime. Ceiling insulation may increase the caplmtential of night ventilation in Malaysian teted houses.
Keywords: passive cooling, night ventilation, nafurentilation, thermal comfort, hot-humid climate

INTRODUCTION

humid tropics with relatively few studies which

Many developing nations have been facing increasingaddressed this technique. Night ventilation is ately
energy consumption due to rapid urbanization andapplied by present urban households in Malaysiag wh

economic growth in the recent decades. In Malaytsa,
urban population rose from 27% in 1970 to 67% 630
[1] while the final energy demand in 2000 recorded
fivefold increase from 1980 level [2]. It is repedt that
residential and commercial buildings account fonadt
half of the total electricity use in the country @fs2002
[2]. Since Malaysia and many other developing metio
experience year-round hot conditions, it can bgegted
that reducing air-conditioning in buildings would
contribute largely towards lowering energy use,
especially in urban areas.

Night ventilation is a notable passive cooling
technique for well-insulated, high mass building§. [
This technique utilizes the nocturnal ambient aicool
the structural mass of a building via convectiomeT
cooled structural mass may maintain lower indoor
temperatures on the following day if the building i
closed during the daytime [3]. To this effect, many
researchers have noted that night ventilation tifely
reduces daytime indoor air temperature in varigpes
of buildings and climates. These studies extengivel
covered office buildings in moderate climate [4afid
other test buildings in hot-arid climate [8]. Thanse
studies [4, 7] noted that the efficiency of nigkntilation
highly depends on the building and climatic pararset
as well as the ventilation rate at night. In conmgan,
night ventilation has received far less attentiotthie hot-

mostly close windows at night and open them dutireg
daytime, as revealed in a previous survey [9]. Adicmy

to the survey, the majority of present households i
Malaysian terraced houses apply daytime ventilatiod
night-time air-conditioning mainly in bedrooms [#s
indicated above, the cooling efficiency of night
ventilation technique differs in different buildisigand
climatic regions. Thus, despite the extensive
developments of night ventilation techniques alyead
established in moderate and hot-arid climates, the
effectiveness and applicability of night ventilatidor
Malaysian residential buildings is yet to be deteed,

in both research and practice.

This paper discusses the potential of applying thigh
ventilation as a passive cooling technique for Msil@n
terraced houses based on the results of a fuléd=lt
experiment. In Malaysia, the terraced house isntiost
common type of housing in urban areas — 44% of the
urban housing units nationwide are terraced hourses
2000 [10]. Unlike the lightweight Malaysian traditial
houses, modern urban houses in Malaysia are mainly
constructed of heavyweight materials such as ctacre
and brick. As such, night ventilation may be a afhi
technique for these houses. This paper firstly cmep
the effects of night ventilation with daytime véation,
full-day ventilation and no ventilation on indodrermal
environment in the master bedrooms of the caseystud
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houses. Secondly, this paper examines the effebeat
from the ceiling in Malaysian terraced houses based
the vertical temperature distribution analysis.

METHODS

A field experiment was conducted in two adjacend an
identical two-storey terraced houses (Figs. 1 gnd the
city of Johor Bahru from June to August 2007 to
compare the indoor thermal conditions under differe
natural ventilation strategies. Johor Bahru is ¢keond
largest city in Malaysia based on population cdagf.

Its monthly mean air temperature and humidity are
generally uniform throughout the year, which isitgb

of most Malaysian towns.

Both case study houses are considered to represe—*

the typical Malaysian terraced houses. The selecte
houses are high thermal mass buildings. The bugjldin
structure is reinforced concrete with plasterediowalls

of 240mm thickness for party walls and 140mm
thickness for other walls. The thermal mass ofrtizster
bedrooms was estimated to be 1100kg/m2. The cancre
roof tiles are laid with a thin layer of double-sd
aluminium foil underneath as radiant barrier. Thdirng

for the first floor is 4mm thick cement boards veiti
insulation. The floors are reinforced concrete skaid
finished with ceramic tiles on the ground floor and
timber strips on the first floor. All windows arether
casement or sliding type and constructed of Smrokthi
single-glazed clear glass. A clerestory window izéd
glass louvers is available above the family areahmn
first floor. During the experiment, the houses wengty

of furniture and unoccupied.

In the present experiment, three cases are incladed
outlined in Table 1. Cases 1-3 compare night vetiih

v

House 1

House 2

Figure 1: View of the case study houses.
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Figure 2: Floor plans of the case study houses.

Table 1: Ventilation conditions for Cases 1-3.

W|th_ dgynme ventll_atlon, no v_entllatlon z?mo! fulbg Case Nouse 1 ouse 2
ventilation respectively. Daytime ventilation was 1 Daytime ventilation Niaht ventilation
obtained by opening all windows from 8 a.m.-8 pamd 5 No ventilation Ni ght ventilation
closing them from 8 p.m.-8 a.m., to emulate theentr 3 Full-d tilati N'ght filati
window opening behaviour [9]. In contrast, all wavds uT-day ventiiation Ight ventration

were closed from 8 a.m.-8 p.m. and opened frorm8-p.
8 a.m. for night ventilation. On the day beforeleaase,
all windows in both houses were opened equally fR&om
a.m.-8 a.m. (24h) so that their indoor thermal ok
would be similar at the start of respective cases.

(Type 1221). In addition, air temperature measurgsme
were taken at 0.6m, 2.4m and 2.9m in the master
bedrooms and 0.6m, 1.5m and 2.4m in the living mom
for vertical temperature distribution analysis. dfland

Measurements of indoor thermal environment were ceiling surface temperatures were also recordetabim

taken in the master bedrooms (first floor) and niiyi
rooms (ground floor) of the two houses (Fig. 2).eTh
floor-to-ceiling height of the rooms is 3.0m. The
measured parameters at 1.5m height above floohen t
master bedrooms are air temperature, relative htymid
air velocity and globe temperature, for the analysi
thermal environment. The data loggers used areaDelt
Ohm (D09847) and Innova AirTech Instruments A/S

floors. All indoor measurements were logged
automatically at 10-minute intervals. A weathertista
(EASIDATA Mark 4, Environdata) was placed in the
immediate outdoor of House 2 (Fig. 2) to record the
ambient air temperature, relative humidity, winceeg
and direction, global horizontal solar radiatioajnfall
and barometric pressure throughout the experiment.
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RESULTSAND DISCUSSION = Toutdonr

THERMAL ENVIRONMENT ANALYSIS 2 oD 2Yfime ventilation, ’
This section focuses on measurement results at 1.5n 32 ‘ml i&\ }J’}W illﬁ - Z-!.L,-
height above floor in the master bedrooms (see Hig. 22 Nod DA NN /AR .
Fig. 3 shows the measured air temperature andvelat 26 PN\ \W ™ wrf\
humidity with the corresponding outdoor conditions 2 Nightventitation
during Cases 1-3. As shown in the figure, the aenae 90 1--Outdoar Nightventilation
of rain before noon affects the outdoor air tempeea 80 {-amly M k)
patterns, in particular the peak temperatures s Y Y R L‘faf
considerably. It can be seen that the measured ail © AR H \‘\L}' y

temperature in night ventilation condition was getlg Raytme venfiaton
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Fig. 4 shows the hourly mean air temperature on the
fair weather days of respective cases. Maximumanitd
air temperature averaged 34-35°C while its minimum
averaged 24-25°C (Fig. 4). In all, it was obserteat
night ventilation lowered the peak indoor air temagbere
by 2.5°C, compared to both daytime ventilation &ultd o0 1-Qutdoor
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()

day ventilation conditions (Fig. 4ac). Night veatibn %E:; ] G ‘{ A 22 @W
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the maximum indoor air temperature reached 33.0°C, 3§ |
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(Fig. 4a). In contrast, maximum air temperaturettia § s g % g e g = g s g s g =
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Lo
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temperature in the daytime ventilated room maimigin ol
high at 30.0°C on average (Fig. 4a). In comparison, ££ o R, A 7/
opened window condition at night allowed the ndtura o "N v tef
flow of cooler ambient air into the house, whickueed i
nocturnal indoor air temperature in the night Veted
room to 28.0°C on average (Fig. 4a). When no 00
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Figure 4: Hourly mean air temperature and relativemidity
for Cases 1-3.

4b). When the full-day ventilation was applied iasg 3,
diurnal indoor air temperature was similar to ttatgrn
of the daytime ventilated one while nocturnal inded
temperature was still 0.5°C higher than that of gt
ventilated room (Fig. 4c). As before, the building
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Figure 5: Hourly mean operative temperature anchetad
effective temperature (SET*) for Cases 1-3.

On the other hand, the measurement results reveal
that the air temperature reductions obtained bynigbt
ventilation were accompanied by the increase iatirad
humidity (Fig. 3). The indoor relative humidity eed
65-80% when the night ventilation was applied oin fa

structure was heated more when windows were openedveather days (Fig. 4). In this aspect, full-daytilation
during the daytime. As the mean outdoor wind speedand daytime ventilation were able to control dilirna

dropped from 0.6m/s during the day to 0.1m/s ahtig
the night-time ventilation rate might be insufficteto
cool the heated structure of the full-day ventiab®use
properly at night due to its high thermal capacibn

account of the thermal mass of the room, the night

ventilation technique was effective in lowering theak
indoor air temperature by 3.5-4.0°C and delayinigyit2
hours from the outdoors on fair weather days (Big.
However, it should be noted that nocturnal air
temperature in the night ventilated room was &till°C
higher than the outdoors (Fig. 4), probably dughe
same reasons of low ventilation rate at night aigh h
thermal capacity.

humidity level to about 15% RH lower than night
ventilation (Fig. 4ac), but at the expense of the
aforementioned cooling effects.

To examine whether the night ventilation is able to
provide thermal comfort, the measurement resulteewe
transformed into two thermal indices, i.e. opemtiv
temperature and standard effective temperature \)SET
The Adaptive Comfort Standard (ACS) prescribed
recently by ASHRAE [11] is considered one of the
appropriate methods for determining acceptablentakr
conditions in naturally ventilated spaces. Since th
comfort criteria is based on operative temperat8Eer*



PLEA2009 - 26th Conference on Passive and Low Bn&rghitecture, Quebec City, Canada, 22-24 Jun®200

is also used in this analysis to take evaporatieat h
exchange between the occupant and the environmient i
account, in consideration of the high humidity
conditions. In SET* calculation, the metabolic rafel.0
met and clothing insulation of 0.5 clo were applied

Fig. 5 presents the hourly mean operative templeratu
and SET* for respective cases. According to the ACS
[11], the acceptable operative temperature linats80%
and 90% acceptability were found to be 23-30°C 24d
29°C respectively, based on the mean monthly outdoo
air temperature during the experiment period. As
indicated in Fig. 5, the night ventilation techrégwas
found to provide more acceptable operative tempezat
than the other ventilation conditions for the whadégy. In
all cases, operative temperature in the night laet
room is well within the acceptable limits, mainlyrihg
the night hours from 9 p.m.-12 noon (Fig. 5).
comparison, operative temperature in other vertitat
conditions did not meet the 80% acceptability Isnintil
past midnight (Fig. 5). Thus, it can be seen thatd is a
huge potential for reducing the night-time air-
conditioning in Malaysian terraced houses if occipa
adapt to the night ventilation technique from tteeirrent
behaviour of daytime ventilation. Still, operative
temperature in the night ventilated room exceedwed t
80% upper limit in the afternoon by up to 2.5°Cg(Fs).

daytime ventilation and full-day ventilation whehet
evaporative heat loss is considered in SET*. Maximu
SET* in the night ventilated room is 0.5°C and abou
1.0°C higher than the daytime ventilated and fal-d
ventilated ones respectively (Fig. 5ac), most lilaie to
the increase in diurnal humidity level when windows
were closed. Besides, when windows were openedgluri
the daytime, indoor air velocity reached about 0s3om
average whereas still air condition occurred in rifight
ventilated room. Thus, in order to improve the dair
thermal condition in the night ventilated room émnrhs of
SET*, further measure to lower indoor humidity sush
by dehumidification or to increase indoor air vetypc
such as by fan may be required. Otherwise, full-day
ventilation may be the better option even thougé th
night-time thermal condition would be slightly wasm
than the night ventilation condition.

VERTICAL TEMPERATURE DISTRIBUTION
ANALYSIS

This section examines the effect of heat from thiéng
based on the vertical temperature distributiorhim ¢ase
study houses. Fig. 6 presents the average air\aface
temperatures between 12 noon and 8 p.m. at regpecti
measurement heights for Cases 1-3. The windowsen t
night ventilated house were closed during thisquerAs

In fact, maximum operative temperature in each roomshown in Fig. 6, the ceiling surface temperaturetton

was 0.5-1.0°C higher than the respective maximum ai
temperature (cf. Figs. 4 and 5), signifying thewoence
of excessive radiant heat gain during the pealogeri

Furthermore, in terms of SET*, the nocturnal coglin
effect of the night ventilation technique is stilen in all
cases (Fig. 5). However, the night ventilation does
provide better diurnal thermal conditions compated

first floor in the night ventilated house was semito the
outdoor air temperature, even though the tempearsitat

all other measurement points in the house were much
lower. It was 2-3°C higher than the floor surface air
temperatures of the same room (Fig. 6). In fad,fifst
floor ceiling surface temperature was almost same i
both houses under the different ventilation coodgi

(Fig. 6).
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Figure 6:

Vertical distribution of average air arstirface temperatures between 12 noon and 8 p.nCases 1-3.
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The above results imply that the ceiling was
considerably heated, probably by the heat fromrsola
radiation received at the roof during the daytime.
Consequently, the heated ceiling passed the hetiteto
air on the first floor via convection. The heatezling
also probably radiated heat into the room and thus
increased the operative temperature further. Ttosgss
might contribute to create the diurnal thermal distort
in the night ventilated master bedroom. As preskire
the previous section, according to the ACS, warm
discomfort condition was seen in the night vengiat
master bedroom in the afternoons: 2 p.m.-6 p.nCdee
1, 12 noon-8 p.m. in Case 2, and 2 p.m.-9 p.m.ageC3
(see Fig. 5). In comparison, in addition to thetbda
ceiling, ventilation with outdoor hot air furtherdreased
the air temperature in the daytime ventilated ardidday
ventilated master bedroom, compared to the night
ventilated one (Fig. 6ac).

It can be seen that the ground floor was coolen tha
the first floor especially when windows were closee.
in the night ventilation and no ventilation condits
(Fig. 6). The air temperature at 1.5m on the grofloat
was 1°C lower than that of the first floor when tiight
ventilation was applied (Fig. 6). This air temparat
difference between floors is probably due to thathe
from the ceiling on the first floor as discussed\ah
Considering that the ceiling was not insulated,lyipp
thermal insulation to the ceiling may reduce the ai
temperature on the first floor to that of the grditoor,
which would increase the cooling effect of the nigh
ventilation technique by 1°C on average in therafien
period.

CONCLUSIONS

(1) Night ventilation was found to be better than dagi
ventilation, full-day ventilation and no ventilatidn
terms of air temperature reductions during the
daytime and night-time. It was observed that night
ventilation lowered the peak indoor air temperature
by 2.5°C, compared to daytime ventilation and full-
day ventilation conditions. Night ventilation also
lowered nocturnal indoor air temperature by 2.0°C
more than the daytime ventilation and no ventilatio
conditions on average.

(2) Night ventilation provides more acceptable opegativ
temperature than the other ventilation conditiomrs f
the whole day. According to the Adaptive Comfort
Standard, night ventilation would provide thermal
comfort well, mainly during the night hours from 9
p.m.-12 noon.

(3) However, further measure to lower indoor humidity
such as by dehumidification or to increase indaor a
velocity such as by fan may be required to improve
the diurnal thermal condition in the night ventidt
room in terms of SET*. Otherwise, full-day

ventilation may be the better option even though th
night-time thermal condition would be slightly
warmer than the night ventilation condition.

(4) It was found that the heat from the ceiling prolgabl
caused the air temperature on the first floor to be
higher than that of the ground floor by 1°C on
average in the afternoon period when the night
ventilation was applied. Applying thermal insulatio
to the ceiling may increase the cooling potentifal o
the night ventilation technique in Malaysian tee@c
houses.
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