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熱帯地域における自然換気住宅の室内熱的快適性の評価

Assessment of Indoor Thermal Comfort of Naturally Ventilated House in 

Tropical Region 

ムハマドイクバル＊，尾崎明仁＊＊，崖連希＊＊

Muhammad IQBAL*, Akihito OZAKI**, Younhee CHOI** 

Even though the hot and humid conditions throughout the year, most Indonesian stay in a house that uses natural 

ventilation due to energy poverty and economic conditions. Commonly, they rely on nahrral ventilation by opening 

windows to achieve thermal comfort in the indoor environment. Therefore, an on-site survey and questionnaire were 

performed on more than 240 occupants and 115 naturally ventilated houses to investigate thermal comfort performance 

between two houses based on thermal sensation vote (TSV) and thermal comfort vote (TCV). In addition, some questions 

related to airflow scale, air freshness, thermal preference and body response are employed. The results present that type 

1 is more comfortable than type 2. The study also reveals that the larger openings ratio is more acceptable than the few 

ones. Furthermore, this study confirms the adaptive behaviour where most occupants utilize the windows openings in the 

morning until noon and operate the fans during the night to modify indoor environment conditions to be more comfortable. 

Keywords: Naturally ventilated house, Indoor thermal comfort, Assessment, Tropical region 

住宅，自然換気，室内の熱的快適性，評価，熱帯地域

1. Introduction 

1.1 Background 

The indoor environment in naturally ventilated buildings greatly 

depends on the local climate and the way environmental controls 

are used. The severity of the effect of outdoor cliri1ate can be 

modified by using controls. Common controls like openable 

windows, blirids, louvres,地htsand fans offer the occupants 

some opportunity in the thermal enviromnent to pursue comfort1l. 

Indonesiaisconsideredas1hemostextensive1ropicalcolil1的gl呻叫

has more 1han 17⑬迫叫皿din1he heart of 1he equator line,呻

6° -11° No曲 Latitudeaoo 95° -141° East Longitude. The climate 

condition depends on 1he monsoon that四邸hotand humid conditions 

throughout 1he year. There is no difference in temperature and relative 

h皿 iditybetween 1he rainy and dty seasons. The daily air temperature 

observed is如 een20 and 35 °C, and relative humidity fluctuates fiom 

心1/oat noon and almost95% in 1he mominglfiltil late 2l. 

＊空間システム専攻博士後期課程
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Especially in recent years, many countries have been facing more 

extreme weather events due to cl血atechange, and Indonesia has 

also experienced an it1crease in outdoor tempera皿e.The 

increase in external temperatmes is driving greater demand for air 

conditioning, as well as growing the energy poverty to it. 

Moreover, with the majority of the population in Indonesia living 

inna皿allyventilated houses because of the economic issues, hot 

and humid Indonesian outdoor conditions can affect significantly 

the occupants'thermal comfort. 

The smdy of thermal comfort in the tropics started 70 years ago. 

Webb has observed and analyzed thennal comfo1i in equatorial 

climates and examines thermal discomfort in tropical c血 atesby 

developing a nomogram for the equatorial comfort index3Al_ Ellis 

concluded that race, age, or gender difference does not affect 

thermal comfort5l. In addition, the following research reveals that 

the occupant's response to a natLrrally ventilated room is three 
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degrees wanner出m 出eperceived ISO iliem阻1comfort 

standard6). Moreover, o山erstudies on出ermalcomfort focused 

on testing neutral temperatures based on gender, age, body m邸s

index level and ethnic background7J. Fur1henmre, 1he study on 

1henrn1 comfurt for 1he na皿袖yventilated house was con:luctoo to 

determine 1he ne血:tl1emperature in 1he na皿叫yventilated houses in 

Y涅 Indon函紗，atxlan・ 碑 l叫 ofcomfurtofhousesinBanda 

Aceh, Jrdmesia, to determine 1he comfurt range9J. However，也e

research on山enaturally ventilated house and出ermalcomfort in 

tropical climates against window opening ratio is overlooked, 

especially in Indonesia. Therefore，出isresearch will focus on由e

impact of window opening ratio on indoor enviromnent 

conditions and occupant comfort. 

As a result most Indonesians rely on natural ventilation by 

opening山ewindows to modify indoor enviromnent conditions. 

Originally, ilie main pmpose of our research is to optimize血

window openings of Indonesian dwellings to increase indoor 

由ennalcomfort. For tllis，由eoverall皿nof出ispaper is 1) to 

investigate 1he 1hennal comfurt perfcnnaoce of two types of naturally 

ventilated houses, 2) to identify airflow scale vore arrl air伽曲畑scale

vote,1hem叫m疵m立atxlhx1y応杯匹einanindoorenvirollllXmtatxl 

3)to叫 1headaptive behaviours of occupants in曲 tomodify indoor 

mWmlli1己nto西 onsto be IIDre corr血・ le.

1.2Overview of approach 

Thermal comfort studies adopt曲eecommon approaches: model, 

hurnan—based, and space-based. The scale or virtual model is山e

first approach that focuses its investigation on siinulating ilie 

indoor enviromnent's physical conditions and assessing ilie 

occupants'由em叫 comfortlevel based on certain assumptions 

and standards. In order to get accurate prediction results, tllis 

approach requires proper siinulation witl池 edata collected must 

be measurable and proportional. Secondly, the approach used is 

human-based for the scope of direct iiwestigation of building 

occupants. The data and infom1ation collected must be controlled 

through systematic experiinents ill a particular room or the field. 

Therefore, a human-based approach is appropriate for a 

comprehensive evaluation of thennal cmnfort and developing 

appropriate standards to obtain excellent and accurate results. 

Thirdly, an approach based on the use of space on a large scale is 

used to studywhe1her a particular space is thermally comfortable. 

This approach can be used through building design studies and 

building service system studies, such as passive cooling strategies 

through architectural layout, form, walls and wall insulation. 

Finally, when comparing the nature of differences between field 

and laboratory surveys, several factors that do not need to be 

considered in the labora1Dry may affect the field survey results. 

For example, when comparing:field survey results伽mdifferent

socioeconomic areas, it is血perativeto consider the influence of 

local conditions and behavioural norms that are not found in the 

laboratory10J. 1hrefure, 1his studywill employalruman-1:medapproach 

to derive human perception against indoor enviromrent oonditions as an 

initial study furfin1her:researchin皿皿叫yventilatedbo瞬．

1.3＿9natic conditions 

Outdoor climatic coo:lition is essential for1he naturally ventilated rouse in 

1he tropical climate because it will叫如tirx:1oor condition dueいwindow

叩 in1he house. 1hrefure, 1he climatic conditions of the study area 

during1heon-si1eSlUVey匹叫皿国皿如inFigures1,2,and3. Toe 

averagesolarradiationrecordedis 156.15 W:岡咄hamaximum value 

atOl.OOpm of674.99W:岡．Therelative血直dityd＿ 碑 命a呻

value wifu a maximum of982饂叫chrends to occur at night, and 1he 

minimum and average relative ht.midity are 57.04％叫 82．65o/0,

re;pectively. In addition, 1he average air temperature value is 27.48 °C, 

where 1he minimum and m呻mm血 areclassified at氾20°Cand

3250 °C, re;pectively. Fur1hennore, 1he wind direction flows to 1he 

building dominated年 thesouth Wind平edshow.;;amaximumofl 1 

mis and an average of 4.18 mis, re,p:凶vely.
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2. Research object and method 

2.1 Research object 

Most of the houses in this study are low-cost houses at1d meet the 

standards recommended by the lndonesiat1 governn1ent. The 

houses consist of two types, located in Aceh Province, Indonesia. 

The locations both of types are different. Type l is situated on a 

hill直ndtype 2 is close to tl1e sea, as shown in Fi四•e4. However, 

the two regions'outdoor temperature at1d absolute humidity were 

almost similar during the measurements. Therefore, the in1pact of 

microcl血ateon thermal comfort is excluded in this study 

because it has 110 significant effect 011 indoor perfom1at1ce for 

compariso11 atno11g the house types. 
8/24 8/25 8/26 8/27 
---------Wind velocity 

8/28 8/29 8/30 8/31 

0 Wind direction 

Fig. 3 Wind velocity and wind direction 

~ 

Fig. 4 Site location of the houses 

1) Type 1(Developer House) 

The developer house is one of the residential types bui It by a local 

private comp皿y.It is the most common house found iI1 North 

Aceh, Indonesia. More than one hun如 dhouses had been built 

by a local company. The house is a grounded pennanent house 

built in heavyweight construction such as plastered brickwork 

皿dconcrete struc皿es.Figure 5 and Figure 6 illustrnte the floor 

pl皿皿dthe exterior皿dinterior appear皿ceof type 1. The house 

has two be由ooms,a living room皿da kitchen, with叩 areaof 

33 ni. Window to wall rntio(WWR）皿dwindow to floor ai・ea 

(WFR) are 7.39％皿d16.48%, respectively. 
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Fig. 6 Exterior皿dit1terior appearance of type 1 

2) T卯e2(NGOhouse) 

NGO house is a non-govemn1ent orgru血ationhouse. After 

Indonesia's earthquake叩dtsunruni disaster i.J.1 December 2004, 

over 100,000 houses were built m Aceh Province, Indonesia. The 

hmises are similar to the typical house found m Aceh Provmce. 

Most of tl1e type has the sru11e size叩 dshapes due to tl1e houses 

being built si.J.1mltaneously by叩 NGO(non-government 

orgai血ation).l11e floorplan, exterior直ndinterior appe叩 mceare

demonstrated m Figw匂皿dFigure 8. The団e2 house is more 

extensive than type 1 with a wuforrn room configuration. It has 

two bedrooms, a livmg room皿da kitchen, with aI1 area of39.75 

1112. However, the window to wall ratio(WWR)and window to 

floor ratio(WFR) is 5.58％皿d9.06 %, respectively. Therefore, 

compared to切Je1, type 2 is less than切Je1. 

Fig. 8 Exterior and interior叩戸皿oceoftype2

2.2 Methods 

I) Households selection 

The on-site survey is conducted to obtain data on the perception 

of building users, indoor envirornnent preferences, and user 

responses due to tmcomf01table situations d叩ngdaily life. More 

than 200 occupants have been selected that represent a population 

with a low standard ofliving. The houses selected and the nwnber 

of the subject are divided into two types. The on-site survey and 

questio1111a此distributionwere canied out from Augi.1st 23, 2020, 

to August 31, 2020. However, due to I血itedaccess to the case 

study locations, questirnmaires were only conducted in the 

morning -eve血 g(06:00 -18:00). 

Even though the data is not available on the percentage of air 

conditioning use in households, it believes that Indonesian 

crnnmonly performs in non-air-conditioned envirornnents and 

has a passive regulation in achieving thennal comfort in houses. 
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For example, the whole subject was initially 90 and 160 

respondents for type 1 and typed 2. However, about two 

respondents on type 1 and six on type 2 were not included 

because they operate the air conditioner daily. As a result, the 

subjects surveyed are 88 respondents for type 1 and 154 

respondents for type 2. Moreover, in order to measure relevant 

data from field surveys, some criteria for housing and respondent 

selection are proposed as follows: 

✓ The housing relies on passive cooling strategies to create a 

relaxed indoor environment. 

✓ Respondents cmrently occupy the housing in order to catch 

the real attitude improvement. 

✓ Residents are willing to fill out the questionnaire 

simultaneously without any reward. 

uestlonnarre 2) Questi 

Recording the response occupants is the most vital aspect of this 

study. This research used a paper-based questionnaire, and the 

occupants responded only once in this survey. Therefore, some 

common questions to investigate thermal sensation and thermal 

comfort votes have been used. In order to evaluate the whole 

thermal perception, using both of the seven scales of ASHRAE 

thermal sensation and the Bedford scale are proposed. It also 

examines the consistency of response between thermal sensation 

and perception. Table 1 present the two-scale used for this study. 

Table 1 Rating scale used for thermal comfort survey 

ASHRAE Scale Bedford Scale 

-3 cold -3 much too cool 

-2 cool -2 too cool 

-1 slightly cool -1 comfortably cool 

0 neutral 0 comfortable 

+ 1 slightly wann + 1 comfortably warm 

+2warm +2 too warm 

+3hot +3 much too wann 

In addition, the other questions will ask about the occupant's 

preference, airflow and freshness scale sensation, thermal 

preference and body response. These questions are required to 

classify whether the occupant's feelings corresponded well with 

the perception of the indoor environment. Moreover, it also 

gathers infom皿ionabout occupants'control and behavioural 

adaptation in daily life for a whole day. All questionnaires filled 

by respondents who stayed in naturally ventilated houses have 

been evaluated except for households with air conditioners. 

3. Result and Disc庄 n

3.1 Respondent Information 

The respondents'gender and age of dwelling types are evenly distnbuted. 

Theco叩細nof distnbution臨 1/eengender and age is commonly 

similar among 1he surveyed types. Table 2 presents the respondent 

infom皿ionof this study. 

Table 2 Respondent 

Typel Type2 

Gender 

Male 49(55.68%) 74(48.05%) 

Fa直e 39(4432%) 80(51.95%) 

Age(Years） 

<20 1(1.14%) 4(2.6%) 

21-30 24(2727%) 29(18.83%) 

31-40 46(5227%) 48(31.17%) 

41-50 9(1023%) 41 (26.62%) 

>50 8(9．⑪lo） 32(20.78%) 

3.2 Thermal comfort between two types of house 

The study investigates the window opening area and room area against 

thennal sensation vote in order to understand the effect of the window 

openings ratio androomarea to thennal sensation vote(fSV) and thennal 

comfort vote (fCV). In this case, the occupants are requested to sit in the 

living room and relax before filling out the questiormaire. Moreover, all of 

the windows in the house are asked to open during this smvey. Table 3 

presents TSV (ASHRAE scale) and TCV(Bedf叫 scale)between two 

types of houses. The mean vote for the whole subject of two different 

house types is 0.58 and 0.48 ASHRAE scale and 1.70 and 1.47 on the 

Bedford scale. This result also presents the consistency of comfort vote 

between TSV and TCV，咽砥ely.Moreover, the standardASHRAE 

stated that the acceptability of 1hennal comfort should be defined as the 

condition where 8CP,/oof residents vote for the central three categories (-

1,0,1). Therefore, Figure 9 demonstrates the three main categories of the 

1hennal sensation vote(fSV).The occupants of type 1 houses prefer 

comfort vote for ooth scales, where the ASHRAE scale and the Bedford 

scale were 79.55 % and 8636 o/o, followed by warm and hot sensations 

17.05 % and 1023 o/o, respectively. However, most occupants on type 2 
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紺twarm and mt at 53.90 o/o, followed by a re直叫voteof 46.10 %. On 

the other hand, the玉釦這eshowsthatthe心甲ntsvote dominated 

by1oowarrnandmuch1oowannat54.55o/0,followedbycomf呻 le

warrnat45.45%. 

Table3.“平呻oITSVand TCV on two1ypesofuouse 

T炉 l Type2 
碑

1SV ％ TCV ％ 函 ％ 応 ％ 

-3 

゜
O.OJ 

゜
0.00 

゜゜゜゜-2 3 3.4l 3 3.4l 

゜゜゜゜-1 5 5.68 3 3.41 8 5 2 I 

゜
36 4091 42 47.73 30 19 47 31 

1 笠） 32.95 31 35.23 33 21 21 14 

2 12 13.a 7 7.95 12 8 44 '29 

3 3 3.41 2 227 71 46 40 26 

T直 88 l⑰/o 88 100'/o 154 1⑰lo 154 1ar,/o 

M四 058 0.48 1.70 l.47 

田(-3,-2)■(-1,0,1)口(2,3)
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79.55 
86,36 

Fig. 9 TSV and TCV on the central 1hree categories 

珈 occupants函 vote"sli蛉 breezy''andI'toobreezy", with 5.84% 

and2.6o/o,応匹vely.M⑱ N"er,the comparison vote fur three central 

categories related to 1hennal sensation vote(fSV)shows 1bat the 

occupants of type 1 vote 70.45% as a comfortable semation, as shown in 

Figurel 1. On the other皿 theoccupants of type 2 vo1e 46.lff/o as a 

直 l血凶lesensatio11.Therefure,wecanodlude1battypelm如m5

better airflow in 1his stnVey. This study四 ea1s1bat the larger of叩蛉

area, the fil)re significant the air In)Vement in an血 renviromnent It 

has been proved 1bat the value of WFR and WWR血両r

environmentconditions, wherethelargeofWWRandWFRisbetter細

asmallone. 
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37.50 

30.52 

26.62 
23.86 

Much too Too still Slightly Just right Slightly Too Much too 
still still breezy breezy breezy 

Fig.10 Airflow scale vote 

■Type 1口Type2

70.45 

3.3 A血 owand air freshness 

The airflow of whole subjects was identified in this study. Tue occupants 

wereask咤"howdoyoufeelaboutairflowinthisroomatthismoment?".

The chosen answer is much too still, too still, slightlystill,justright, slightly 

breezy, too breezy,叩 imuch too breezy. Fi匹 10demo困皿＄恥

airflow scale vo1e. Most of加 OCCl如 ontype 1嘘 d'徊寧'with

37.5(}',瓜followedby "slightly breezy'and''tooは匈'at23.86％叫

ll 36o/o, respectively. In addition, 227°,/ovoted "mヰ toobreezy'. 

However, some occupants also vi四 "muchtoo stuffy'’叫 ’'toostuffy''.

Meanwhile，加votedistnbutioo type 2 was dominated by "too still" 

30~2% rollowedby'Justright'’叩 i''rnuchtoostill" 26.62% and20.13%. 

゜ (-2,-3) (-1,0,+l) (+2,+3) 

Fig.11 Airflow scale on 1he central 1hree categories 

Furthennore, using 1he Bedford scale, 1he question fur 1he air freshness 

scale is: I'how do you底l訟 utair freslmess in 1his room no切＂．

Generally, 1he air~ vote is similar to 1he airflow vote, as如 wnin

Figurel2 and Figure 13. Most occupants on type 1 voted "ret:血"at 

40.913/o,鉗lowedby"slightlyfresh"at 19.32%and "too fresh" at I I.363/o, 

応F直vely.In addition, 1he respondent also votes "much too fresh" at 

6.82% On 1he o如加凶，1heair伽曲細voteon h00& type 2 was 

dominated by''toostutfy''of30.52%, followed by "much too stuffy''and 
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"slightly stuffy''of20.78％叫142切o,respectively. However, sorre 

occuμmts also vote "neutral", "slightly fresh'"，叩:l"too fresh'', wi1h 

22.08o/0, ll.04％叫l3OO/o．Moreover，加口中:irumvote for three 

central_＿ばさ．relatedto ASHRAE Scale如 IWS1hat 11:Je OC頃迎耶on

type 1 vote 68.18 as a(X)mf011able sensation. OJ.加 otherhand,此

occuμmts on type 2 just voted 47.4()0/o as a①m紅祉Jlesensation 

Therefore, we can(X)nclude1hattypelm如ms匹 airfreslmess than 

type 2 in 1his study. 
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Fig. 12 Air fresl:m芯 s::alevote

■Type 1口Type2

(-'.'., -3) 

68.18 

(-1.0,+l) (+2,+3) 

Fig.13Air伽曲1eS5scale on 1he cemral three categories 

3.4 Thermal preference 

The study used 1he I'Mcfutyre scale" to irwestigate加叫prerereoceby 

asking: "How would you prefer the current envimnn1e11i:?". 1kre are 

highly different answers between respondents on type 1 and type 2, where 

type 1 is涵畑type2. Figure 14 shows 1he由emialprefurenre vote 

furbo1h卵 sofbouses.More細 7伊1/oofoccupantsontype1 voted'声

right''.B瞑 donthreecentralcategoriesrelatedtoTSV, theSU1Vey1中 mi

加t227% of occupants who vote between wann皿dhot on the 

ASHRAEscale函 choooe'徊 right''asa如皿Ipreference. Theother, 

3.41 % of 1he respondents who vote oool and cold want to be wanrer in 

1his SUJVey. It is conlratyto 1he oo刈苅Itson type 2, where most of 1hem 

wanttobeoooler66.23％fullowedby胆tri/#33.773/o,andnoonevotes

want to bewanrer. 
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Fig.14 Thennal pre如encevo1e

3.5 Body response 

This study函 investigated1he砂 responsedining 1he stn:Vey. This 

question is essential to understand the current moor coo:lition's effect on 

lnnnan oodyresponse. The鴎 response叫 ewasmeasuredduring the 

on-site survey by asking, "are you sweating now ?". It四立1s1hatmost 

OCCIJlXl111S of type 1 are mt sweating,約Bowedby slightly and moderate. 

Contraiy to another type, they chose "moderate" as a higher resporue, 

紬 wedby slightly, m sweating and profusely. The distnbution ofbody 

response votes is illustrated in Figi.rre 15. 
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Fig.15 Body response vote 

3.6 Behavioural adaptation 

The study identifies加 respondent'sadaptive actions叫 lestaying in加

繭如roomFor example, it is (X)lI]II蛉 changingfrom just＿ lllating 

1he鴎 by寧恩abathmore細叫'switchingon a血opening加
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window, chinking the water, or chat窟屯theclothing. Regarrling this 

concern, the question addressed 1D the℃ ndent is how likely action is to 

be砥enwhen the indoorroil<lition is tmcomfortable fora whole day. This 

result indicated that most occupants prefer1D open 1he window, switch on 

恥恥叩dtake a bath before employing other options 1D achieve thermal 

con紐 F暉四mre,another analysis that has been面 edout is此

detailed window openin答andswitching on the funs in the bedroom The 

specification of action time is divided into fuur different tiines there are 

叩 ming(7-12am), afternoon (Iふam),evening(7-12p.rn),andnight(l-

6四n).Genernlly, 1he comparison ofbody action due to直双m細 le

coIXlitionsbetweenturningon1he釦andusageofbedtoom windows are 

55.74 % and 44汲 o/o,respoctively. The伽lusage mainly occutred at 

noonandnightat23.83 %and 14.47%.Besides, 1heeveningatrlrmming 

time is rare, wi1h細暉7.94% and 9.50 %. FUl1hennore, 1he usage of 

windowbedtooms叩血iatnoonandmomingof20.99％叫19.723/o,

respectively. Therefore, it can be said 1hat most of the心中血匹恥

operate1he釦togetherwi1hopening1hewindowatnoon.Weassmne1hat 

1he indoor environment during noon is slightly warm to warm. 

Meanwhile,mostocrupantspennan吋lyclose1hewindowandswitchon

1he釦 during1henighttocontro11he皿loorenvironmentmorerelaxed.

3.7 Regression of thermal sensation vote (fSV) and thermal 

comfort vote (fCV) 

Theo耳直曲votedata is used to derive a oomfurt range by analyzing 

唸 onTSV (ASHRAE scale)苧 TCV(Bedf叫 scale).Figure 

16 and Figure 17 present the伽畑t郡芯ionbetween the ASH碑

thermal sen曲 nscale叫加恥血dsensation scale forに匹

smveyed. Based on加 correlationvalue, type 1 perfurm, better in 

匹匹曲votethan type 2珈 followinglinear唸函nequation for 

type 1 (f=0.7804)匹 itype2(f=0.6818)areob皿泣

TCV=0.78361SV+0.0231 (1) 

(2) TCV=0.9261 TSV+03363 

Moreover, wecancalculate1herangeofneulralin1heASHRAE立 eand

comfurtable in the Bedfun:l迄 efur1he type ofhouse. For example, we 

calculate 1he comfurtrange for type 1. As mentioned earlier, the＆咄泣i

遥 e幽!1hat1he comfurtable range is at TCV = 0. The equation shows 

如 1hecomfor1ablerange(fCV＝O)ontheBedfon:l曲 isataTSV vote 

(ASHRAE cle) of-0．0294. Therefure, the value of1he TSV result is 

close to neutral. fu addition, another report fur TSV姐 occupan1svotes 

約r1heo叫01曲ly⑬ l(fCV＝-1)and comfor1ablywarrn(fCV＝＋1) 

on the駆釦這eare at -12466 and 13056 on 1he ASHRAEヰ

respectively. Mean叫 le駆 2perlonns sligl1tly differently between 

1hennal sensation and 1hennal comfort voles ii1 1he comfmt 1ange. 

Therefore, llSing吋皿ion2, 1he oomfortable range of枷 2is folllld. 

While TCV = 0 on the Bedford scale, the TSV is at-{)．3631. Therefore, 

恥叫tshows comfortable range is close to slightly cool h1 addition, 

when tl-ie occupants of卵 2vote comfortably cool (-1) and comfo1iably 

wann (+l), the TSV isat-1.4429 and0.7166,respectively. 

F呻 ennore,we can conclude that the oomfortable range is at the three 

central voles in 1he ASHRAE scale for bo1h types. This result reveals 1hat 

加邸m血虹lcomfurtable in the sligbtly cool environment 

(ASHRAE scale) and comfurtably wann at sligbtly wann voles（加

＆釦scale).
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4. Conclusion 

Ire questionnaire's arnlysis o呻 userresponses to thermal comfort 

-and1heiradap皿ionsin an actual irxioor environment So叩

of1he conclusions are as follows: 

o Type 1 performs better tl1ermal comfort than type 2 based on 

some questions related to airflow, air freshness, thennal 

preference, and body response. 

o The openings ratio affects thermal comfort where the larger 

openings area is more comfortable than the other. 

o This study confirmed the consistency of votes between TSV 

(ASHRAE) and TCV(Bedford). 

o The occupants prefer opening the windows, switching on fans, 

and taking baths to modify indoor environmental conditions. 

o It is necessary to study natural ventilation design釦 ors,

especially the effect of opening ratio on ventilation flowrate and 

thetmal comfort for naturally ventilated houses in tropical 

climates, as further research. 
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