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Abstract—Thermal comfort may be evaluated from the thermal condition of residential houses and their occupants’ satisfaction. This
research evaluates the thermal comfort of traditional residential houses located in mountainous areas of Wonosobo, Indonesia. The
evaluation is conducted based on the physical condition of residential houses and their occupants’ satisfaction factors. A quantitative
approach is employed to analyze the theory of static thermal comfort (Predicted Mean Vote/PMV) and that of adaptive thermal
comfort (Actual Mean Vote/AMV). The research method is conducted based on a field study. The thermal condition is measured
using 4 climate variables and 2 personal variables. Climate variables are air temperature, globe temperature, relative humidity and
wind velocity. Personal variables are clothes and activity. AMV was based on thermal sensation from ASHRAE (American Society of
Heating, Refrigerating and Air-Conditioning Engineers). The sensation thermal is very cold (-3), cold (-2), cool (-1), neutral (0), warm
(+1), hot (+2), very hot (+3). The research has conducted a survey of 14 houses with 39 respondents. The research findings show that
the comfort temperature is 24.47C within air temperature (T ;) or 24.14C within T 4 or 24.17C within T, or 25.08C within T gy or
24.69PC within Tger. These findings are compared to those previously conducted in Jakarta and Bandung showing that some
differences are dealing with their comfort temperature. The other findings show that there are also some PMV and AMV differences
of traditional residential houses located in the tropical mountainous areas.

Keywords—AMV; PMV; traditional residential house; thermal condition.

research does not examine the occupants’ condition nor
I. INTRODUCTION provide air temperature conditions used to create the

The thermal comfort of residential houses is continuously occupants ther_mal comfort [2]. . .

observed to improve the best performance of residential Several StUd'Ef‘S of thermal comfort |n\_/olvmg occupants
houses dealing with thermal comfort. The thermal comfort ?_ive b_een_lizala_rr;ed out. 'VPLOSt rehsearcr|1 IS dfone_ mhofflces.
of the occupants is greatly important to be investigated as ere is still little research on thermal comfort in homes.
basic building planning. Until now, the PMV thermal Thermal comfort studies in offices have been carried out on
durability theory has still been invéstigated to obtain a mixed ventilated and artificially ventilated office buildings.
perfect theory [1].In the theory of thermal comfort, the The results of the study showed a temperature difference
physical condition of the building needs to be examined 3etwee.n m(:]n and ¥Vom§|n [3]. Thermal pomfort rgslearchhto
together with the conditions of the occupants of the building. etermine the comfortable temperature Is essential, so that,
In Research in Bangladesh, thermal comfort is only seenthe indoor planning in the archltecture can be adjusted to the
from the physical side of the building. The results showed comfortable temperature conditions of the occupants. Energy
that roof conditions influence the thermal comfort in a room. S&VINgs can be done if the room temperature is in accordance
The study revealed that the heat transmission generated i ith the comfortable temperature of the occupants because

influenced by vegetation on the roof of buildings. This N€'€ is no need for cooling or heating devices. The
temperature of the outer space influences the indoor
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temperature, but the indoor temperature in determining thethermal comfort may also be conducted either through
thermal comfort of the occupants of the room. The outdoor simulation, experiment or field study. Those three
temperature has been believed to be closely related to theomponents may result in researches with adaptive thermal
temperature of the inner chamber, but the relationshipcomforts used as a reference for architectural designing.
between the temperature of the indoor and thermal comfort In the field of architecture, the traditional residential
is not widely known. Indoor temperature is vital to know the houses are presumably able to realize the occupants’ thermal
relationship with the thermal comfort of the occupants to comfort revealing the building thermal comfort in
determine the comfortable temperature of the occupants. conventional buildings is greatly required. It is necessary to

An analysis of architectural comfort may be conducted in research traditional residential houses since many Indonesian
several ways. Thermal comfort research frequently results inpeople, especially those coming from the lower and middle
a mathematical equation and analysis using graphs [4]-[6].social-economic class, live in those houses. They are spread
The use of mathematical equations to produce comfortablein various areas, particularly in mountainous areas. There are
temperatures has been carried out in the study of adaptiveseveral types of traditional residential houses in mountainous
thermal comfort in Qatar. The study explains the relationship areas based on their wall materials, including wooden and
between outdoor temperature, internal temperature andriver stone wall houses. Different wall materials may lead to
thermal sensation as a basis for thermal comfort. The resultshe various indoor temperature that eventually influences the
obtained are the comfortable temperature of the occupant®ccupants’ thermal comfort (see table 1).
[7].

The neutral temperature equation in each room has TABLE |
different results that, when determining the architectural HOUSEPROFILE
design, disparate treatment is required in each room. Thé
thermal comfort felt by building users in each room is
different as is the case in Brazil which quantitatively and | 1.
qualitatively aims at improving the thermal performance [8].
The research is conducted using a field study by comparing
the energy efficiency strategy with the simulation. The
finding shows that the thermal comfort model revealing the
indoor thermal comfort and energy conservation within the
buildings under investigation is an imbalance.

Maiti has ex_perimented in the laboratory by measuring_ Occupation: Farmer
the thermal variables and physical parameters, such as skin Occupant's name: Gus Munir
(Ts, oral temperature (J, and subjective respond of House orientation: South
thermal sensation (TSV) [9]. yT(body temperature) is 2.
obtained from Tsk and Tc. PMV tries to accommodate the
adaptive thermal comfort using Tsk equation. However, the
result shows that PMV is not adequately good to provide the
adaptive thermal comfort in India.

Adaptive thermal comfort is influenced by physiological
factors such as age, sex, and body mass index [10]. Based an

No House Type Site

Te: wooden wall house
Number of occupants: 3

Type: wooden wall house

this, personal factors are important variables in adaptive Number of occupants: 2
thermal comfort. Personal factors consist of clothing and Occupation: Farmer
activity variables. Therefore, the prediction of the Occupant's name: Nurdiyono
comfortable temperature of building occupants is an House orientation: South
important finding in the thermal comfort of buildings. 3. ‘

The other study is also conducted to investigate the
occupants’ response to the thermal comfort in hot and cold
weather. That study explores the strategies in dealing with
the heat and cold. It is found that the strategies used ars
turning on the fan, opening or closing the doors or windows,
and adjusting the clothes and activities [11].

D

Besides in residential buildings, the study is also Type: wooden wall house
conducted at schools—at laboratories, classrooms, and NumberofOCFUpantSIl
administrative rooms. This field study is conducted to Occupation: Farmer

Occupant’s name: Gus Munir
House orientation: West

measure the climate variables, including air temperature and
humidity which are calculated with the PMV theory. The
finding shows that the thermal condition environment does
not satisfy the occupants. High temperature is found in the
laboratories due to the heat-generating computers [12].

The results of some previous studies show that the
buildings both at schools and residential houses have
different thermal comforts. The research method on adaptivi
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Type: wooden wall house 10. b
Number of occupants: 2
Occupation: Farmer
Occupant’s name: Humam
House orientation: West

Type: stone wall house
Number of occupants: 2
Occupation: Farmer
Occupant’s name: Radiato
House orientation: South

11.

Type: wooden wall house
Number of occupants: 1
Occupation: Housewife

Occupant’s name: Nikmatullah

House orientation: East

=

Type: stone wall house
Number of occupants: 2
Occupation: Farmer
Occupant’'s name: Slamet
House orientation: West

f ; - - g.
B,
Type: wooden wall house 12 "__,’,__m_

Number of occupants: 3
Occupation: farmer
Occupant’'s name: Sayudi
House orientation: East

L

Type: stone wall house
Number of occupants: 2
Occupation: farmer
Occupant’s name: Tochamid
House orientation: South

ype: wooden wall house
Number of occupants: 2
. 13.
Occupation: farmer
Occupant’s name: Madasir
House orientation: North

Type: stone wall house
Number of occupants: 3
Occupation: farmer
Occupant’s name: Wahyudin
House orientation: East

Type: stone wall house
Number of occupants: 3
Occupation: farmer 14.
Occupant’s name: Murdi
House orientation: North

-: S

Type: stone wall house
Number of occupants: 2
Occupation: Farmer
Occupant’s name: Bardi
House orientation: West

4 e
Type: stone wall house

Number of occupants: 2
The scope of this research is related to the study of

Occupation: farmer
Occupant’s name: Nyarwan
House orientation: East adaptive thermal comfort with the finding of thermal
comfort of traditional residential houses in the low (cold)
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temperature mountainous areas. The objectives of this [ll. RESULT S ANDDISCUSSION
research are as follows:
« Analyze the thermal condition of traditional
residential houses located in the tropical areas
- Examine the influence of thermal variables on thermal

The data based on thermal variables are measured every
60 minutes at each house’s living room which may be seen
in figure 2 and 3.

perception obtained from AMV (Actual Mean Vote). 20
- Analyze the implementation differences between the O
Auliciems’ and Humphreys’ Neutral Temperature of )
traditional residential houses located in the 220
mountainous tropical areas. g 15
The significance of this research is as a room’s temperature £ 10
comfort standard to design the architectural building in the T s
cold area due to the finding on the comfort temperature of < 0
the traditional residential houses located in the mountainous
regions. © @§ Q°Y§\ ngé\ QQQ@QQQ@QQ@\QQQ@QQ@‘QQQQ
Il. MATERIALS AND METHOD Hour
This research is conducted on the wooden and river stong Wooden House 1 o Wooden House 2
walled traditional residential houses. The researchers havg Wooden House 3 - — — — Wooden House 4
conducted a survey on 14 houses with 39 respondents thg — _ _ _ Wooden House 5 — — — Wooden House 6
115 datasets or 2645 data are obtained. The data ar| — . — . Wooden House 7
analyzed based on climate and personal variables including

) - Fig. 2 Air T t fwooden h 17
temperature (J), globe temperature g, air humidity (RH), '9- 2 Air Temperature ¢ of wooden house

wind velocity (v), clothing (clo), and activity (met). The
measuring devices used are globe thermometgrwith a
diameter of 15 cm, digital hygrothermometer functioning to
measure the air temperature and humidity, and digital
anemometer performing to measure the wind velocity.
Besides, climate variables, personal data are also required
such as age, sex, height, and weight. Those measurin
devices are placed in the living room starting from 8 a.m. to
5.00 p.m. set at 1.2 m to measure the standing occupants an
at 0.6 m for the sitting occupants. During the data collection,
the occupants move closer to 0.5 m to 1 m away from those
measuring devices.

The data are then calculated to obtain the results of PMV,
PPD, Tsens DISC, Ter, Tser, Tneutral Humphreys and | ------- Stone House 10 - - - - Stone House 11
Tneutral Auliciems, as well as,TThe respondents’ thermal | — ~— =~ Stone House 12 — — — Stone House 13
sensation data are used to examine the influence of therma. _'_I':.St‘;”i.'*‘%“se 14 e
sensation on the existing thermal variables. This has been '9 3. Air Temperature (J of house 8-
conducted by another research in his field of study to
examine the neutral temperature and comfort temperature ogi
campus buildings. The regression equation of AMV (Actual

Mean Vote) with the climate variables (air temperature and g_; 4 e highest temperature is from house 8 with°e7.4
operative temperature) was described [13]. The data arqﬂousle 2 is facing the south and since it is on sunny day,

collectedd th:ge tt|mes_ abldayb at éhe szt;lrznefthme. with thesunshine is unable to penetrate the house and without any
measured climate variables based on the 10lowing Seven,,qy,ction from the neighboring houses. House 8 is facing
scale points: very cold (-3), cold (-2), cool (-1), neutral (0),

. to the north and similar conditions take place. House 2 is a
warm (-.Fl)’ hOt. (+2.)’ very hqt (.+3) [14]. The height of the wooden wall house while house 8 is a stone wall house.
measuring devices is shown in fig 1.

Thus, the highest temperature is exposed by the stone walled

w
o

PR NN
o 01 O O

o ul

Air Temperature °C

Stone House 8~ eveerereeene Stone House 9

The air temperature of the sample houses shows no
gnificant difference. The highest temperature is from house
2 of the sample house 1-7 with 282 For the sample house

residential houses. Of the sample house 1-7, the lowest
temperature is from house 3 with 188 Meanwhile, of the
sample house 8-14, the lowest temperature is from house 10
with 18.3C. The stone wall houses expose the maximum
and minimum temperatures. Meanwhile, the river stone wall
houses may create both maximum and minimum air
temperature. The average maximum and minimum
a) b) temperatures are shown in Table 2.

Fig 1. The height of measuring devices: a) for the occupants to sit on the The average air temperature of the wooden wall houses is
chair b) for the occupants to sit on the floor between 20.Z-22.7C, while those of the exposed stone
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wall houses are between 2%C525.7°C. It shows that there

is a significant difference in the average temperature of thef < 100
exposed stone wall houses. It means that in storing heat > 80
wooden materials are more stable than the stone. Both <
materials have been utilized for centuries through many % 60
trials and errors. The utilization depends on those materials] o 40
availability. £
T 20
TABLE Il 14
THE AIR TEMPERATURE PROFILE 0
23333333223z 2328328z2¢%2
Sample | Minimum Maximum T,
nouse | To | Howr | ORMT | Howr |l 885833888838888838888
1 So4C o édédﬁgﬁggﬁigﬁﬁ‘—umwmmvvmm
. am 22.C 3pm 21.6C Hour
12.30 Stone House 8 s Stone House 9
2 19.2C 530 pm 268 pm 223C | 1 Stone House 10 - - - - Stone House 11
————— Stone House 12 — — — Stone House 13
3 18.8C 8 am 22.3C 3pm | 21.2C — . — . Stone House 14
4 20C 8.30 am 21C 2 pm 20.8C Fig 5. Relative Humidity (RH) of Stone House 8-14
5 21.5C 9.30am ( 23%® | 230pm| 227 The lowest minimum humidity takes place in house 7
6 18.9C 430 pm 20 830am| 20% lying on the steep slope and facing to the north. The highest
minimum humidity takes place in house 4 facing to west and
7 19.5C 5.30 pm 2 8.30am| 21% bordered by the neighboring houses. Table 3 provides a
8 1. 7C 8 am 97 80 1230 | e pc clearer view on the humidity data.
: . om .
9 20C 8.30 am 2% 2pm | 21.5C TABLE Ill
RELATIVE HUMIDITY PROFILE
10 18.3C 5.30 pm 22°%¢ 9am 20.8C Sample | Minimum Maximum RH
house RH Hour RH Hour mean
11 18.7C 3.30 pm 23T 1lam | 20%
55 1 76.70% 8 am 88.70% 3.30pm  82.26%
12 19.9C 8am 238 pm | 22%C 2 80.90% | 1pm | 89.40% gam |  85.74%
13 20.7C 4.30 pm 23T 9.30am| 22°C 3 80.57% 9.am 85.76% 3pm 84.44b6
14 21.3C 8.30 am 23% 10 am 22 4 88.90% 12.30 pn 91.20% 5.30 pn 90.04%
5 78.90% | 11.30am  83.80% 9.30 an 82.26%
The other thermal variable to investigate is humidity. 6 82.20% | 8.30 am 89.30% 5 pm 86.63%
There is no significant difference in the minimum humidity
S . 7 74.90% | 5.30pm|  90.70% 430pn  84.4Q%
which is only by 74.4C-88.9C in the sample house 1-7 i P > P 0
(wooden wall houses). Conversely, the significant difference| 8 50.60% | 1.30 pm 87% 8am 61.13p6
is shown in sample&h:ouseg 8-14 (exposed stone wall houses), g 85.20% 8 am 89.80% 9 am 87.80%
which is by 50.6C-85.2C. The maximum humidit
: y . . Y 10 | 6040% | 9am | 82.80% Spm | 74.85%
difference of wooden wall houses is ranging from 83-8
91.2C (See Fig. 4 and 5), while that of the exposed stoneg| 11 64.20% | 8.30am 88.30% 8am 77.19%
wall houses is ranging from 82@-93.4C. 12 73.40% | 10.30am  85.20%  530pm  79.24%
100 13 71.80% | 8.30 am 87% 530pn|  76.3§%
S 80 14 83.80% | 1.30pm|  93.40% 10.30 am  82.2%
>
=] . .
E 60 From the above-mentioned data, it shows that the lowest
I 40 Ta (air temperature) is from house 10 with £8,3and the
S 20 highest is from house 8 with 27@ The lowest MRT
S (average sun radiation) is from house 11 with %7 and the
e 0 SsSssSSSsS555S555S55555S highest is from house 8 with 27® The lowest Ta and
<<<< <Ot <Ot <Ot <Ot ga doaoaaaanad MRT take place in the afternoon around 4.30 p.m. and the
[oNeololNo] . .
20oRe 030 Togagegasegs highest also occur in the afternoon around 11.30-12.30 p.m.
s I I Meanwhile, the lowest RH (relative humidity) is from house
Hour

Wooden House 2
- = = = Wooden House 4
— — — Wooden House 6

Wooden House 1
Wooden House 3
Wooden House 5
— - — - Wooden House 7

Fig 4. Relative Humidity (RH) of Wooden House 1-7
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8 with 50.6 % at 1.30 p.m. and the highest is from house 14
with 93.4 % at around 10.30 a.m. The lowest V (wind
movement) is from most of the houses with 0 m/s for a long
period, while the highest is from house 14 with 0.11 m/s at
5.30 p.m. Those may be seen in Table 4.



TABLE IV

Prianto, Bonneaud, Depecker & Peneau also find that
RECAPITULATION OF THERMAL VARIABLES

balcony and void configuration significantly influence the

Variable | Hour Min Housd Houf Max| House maximum comfort speed. They also find the prominence of
. 5.30 House| 12:30 House traditiongl houses dealipg with the cIi.mate [18][19]. _
a om. | 183C | 0| pm. | 274C | g The air temperature in all residential houses understudy is
between 19.%C and 32.7C with an average of 24.23. The
RH 1.30 | £ g0 | House| 10:30 | 45,4, | HOUSE|  globe temperature is between PT.land 31.7C with an
p-m. 8 a.m. 14 average of 23.6C. T, is obtained from the air temperature
4 o~ | House| 11:30 House date (T) and globe temperature T The result is between
MRT p.m. 17.1C 11 am. 27.9C 8 18.6°C and 32.2C with an average of 23.893. Wind speed
- is between 0 m/s and 0.3 m/s. In PMV (Predicted Mean Vote)
\Y - 0.00m/s - 2%0 0.11m/s Hclnise calculation, the wind speed is between 0 m/s—0.1 m/s and

calculated as 0.1 m/s. The average wind speed is 0.11 m/s.

The age of occupants who become the respondents of thi
research varies from 10 to 80 years. The survey shows tha
there are more male respondents than the female ones (71
males and 39 % females). Their height is minimally 110 cm
and maximally 175 cm that the average height is 160.65 cm
The Respondents’ weight is minimally 32 kg and maximally
is 80 kg that their average weight is 55.80 kg. The

Air humidity is between 63 % and 96 %. The humidity

%werage is 80.74 %. The sitting and talking activities require
.2 met.

® Some results are obtained using the ASHRAE Basic
Thermal Comfort Model.
‘(between cold and very cold) and 2.45 (between warm and

hot). Its average is 0.057 (between neutral and slightly

warm). The value of PPD (Predicted Percentage Dissatisfied)

PMV value is between -2.36

respondents’ body weight and height are used as the data 1 petween 5% and 92%. The value of; TEquivalent

calculate the Du Bois Area {f) to figure out the whole
skin extent.

Du Bois Area (Ay) is a human body’'s surface area
calculated by using the equation which combines the body
weight and height. The calculation is conducted based on th
Mclintyre equation, which is & = 0.202W-*H%% The
obtained minimum Ay is 26.61 crf the maximum is 55.00
cnt, and the mean is 44.23 &ém

The finding has proven what has been found by Khalid,
who discusses the occupants’ discomfort based on th
existing standards. Thermal comfort temperature is ranging
between 25.3°C and 25.5°C in Malaysia. The measurements
conducted on hospital buildings in Malaysia show that
between the indoor comfort temperature and running mean
outdoor temperature is ranging from 27°C-31°C [15]. Thus,
the thermal discomfort in those buildings is undeniable. The
researchers also include the design and non-thermal factors
that may influence the occupants’ adaptive behaviors and
their thermal satisfaction, such as operation control and
maintenance, mosquitoes, and noise as well as the occupants’
behaviors, age, and status. Those factors influence their
subjective responses of thermal sensation vote (TSV). The
research emphasizes that those may be controlled by the
occupants such as windows, comforting building element
addition like plant boxes in front of the windows, and the
mosquito screen. These should be incorporated when
designing a building to improve the occupants’ thermal
comfort.

The window is one factor that enables the air to flow
through the buildings. Thus, it is essential for those in hot
areas. Due to its great importance, it is necessary to adjust
the window design with its area. Customizing the design is
also important to the rooms which do not require bigger
airflow. Research on the relationship between windows and
airflow has been carried out by several researchers using
simulation methods. The results of the study mentioned that
the type of window affects the airflow. The determination of
the window needs to be adjusted to the climate variable at a
place [16], [17].
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Temperature) is between 189and 34C with an average
of 24.7C. The value of ¥z (Standard Effective
Temperature) is between %@ and 33.8C. The linear
regression of AMV (Actual
etemperatures @ Tg To and Tegr) may be conducted to
determine Tn and the comfort zone. Tn is obtained when
AMV equals to 0, while J (comfort temperature) is
obtained when AMV equals to -0.5 and +0.5.

Based on the statistical testing results, some equations are
Sormulated as follows:
« The

Mean Vote) with the

influence of users’ perception (AMV) on
temperature (JJ: AMV = 0.190 T, — 4.651. With this
equation, | which is equal to 24.4CT T, may be
determined when J is ranging from 21.8& -
27.1°C T,

« The influence of users’ perception (AMV) on T

AMV = 0.199 Ty — 4.805. With this equation, ,T
which is equal to 24.£€ T, may be determined when
Ter is ranging from 21.6% — 26.65C T,

- The influence of users’ perception (AMV) onJT

AMV = 0.199 T, — 4.810. With this equation,,Tis
equal to 24.1%C to may be determined when, Ts
ranging from 21.6%C — 26.68C T,.

« The influence of users’ perception (AMV) ongJ:

AMV = 0.175 Tgr — 4.389. With this equation,,T
which is equal to 25.08 Tgr may be determined
when T is ranging from 22.2Z — 27.98C Ter.

« The influence of users’ perception (AMV) ong£h:

AMV = 0.191 Tger — 4.716. With this equation, T
which is equal to 24.6€ TSET may be determined
when T is ranging from 22.0C — 27.36C Teer.

The regression equation graphs are shown at fig 6-10 as
follows:



AMV

T f T T
25.00 27.50 30.00 32.50

Ta

O Observed
— Linear

AMV = 0.190Ta — 4.651
Fig 6. The regression of AMV on, T

AMV

T T T
25.00 30.00 35.00

Tg

O Observed
— Linear

AMV = 0.199Tg — 4.805.
Fig 7. The regression of AMV on, T

AMV

T
18.00

T T T T
26.00 28.00 30.00 32.00

TO

T f T
20.00 22.00 24.00

O Observed
— Linear

AMV=0.199To - 4.810
Fig 8. The regression of AMV on, T

AMV

T T T
25.00 30.00 35.00

SET

f
20.00

T
15.00

© Observed
— Linear

AMV

O Observed

3.00 o @ O — Linear

O a@o ao

2.00

1.00]

0.00

-1.007]

-2.007]

T T T
25.00 30.00 35.00

ET

AMV=0.191TSET - 4.716
Fig 10. The regression of AMV onsgr

The comparative study on thermal comfort conducted in

Jakarta and Bandung is shown in table 5. There are some

differences in the calculation results of the office buildings
in Jakarta and the college buildings in Bandung [20]. The

smallest difference is found from the study conducted on the

college buildings at the neutral temperature using air
temperature between 247 and 24.47C with a deviation of
only 0.23C. The most significant difference between 2.2
and 24.17C is found in the neutral temperature using the
operative temperature at the office buildings in Jakarta with
the distinction of the only 3.08. This research has a

reasonable consideration as it is conducted in mountainous
areas with lower average temperatures than those conducted

in Jakarta and Bandung.
The comfort temperature regarding the equivalent
temperature shows a slight difference of only by 52

between the office buildings in Jakarta and the residential
houses in Wonosobo. The equal comfort temperature of

those office buildings is higher than that of residential

houses. Meanwhile, the college buildings in Bandung show

that their SET temperature is 1°€lhigher than that of the
residential houses in Wonosobo.

TABLE V
THERMAL COMFORT COMPARISON
Offices in Schools in Houses in
Jakarta Bandung Wonosobo
No Temperature ;G ;G G 9 ;G ;G
N I = A
Air 25 4. 23.0 21.85
1 Temperature | 27.2 29' 0 24.7 - 24.47 -
(Ta) ) 26.5 27.11
Globe 22.2 21.63
2 Temperature - - 25.7 - 24.14 -
(Ty 27.4 26.65
Operative 25.7. 23.8 21.65
3 Temperature | 27.2 28‘ 8 25.4 - 24.17 -
(To) ) 27.0 26.68
Equivalent 24.9- 22.22
4 Temperature | 26.4 27‘ 9 - - 25.08 -
(Tex) ) 27.93
Standard
5 Effective ) ) 26.1 24.2 24.69 22_'07
Temperature -28
27.30
(Tsen)

AMV=0.175TET — 4.389
Fig 9. The regression of AMV oneT
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This result is relevant to the thermal comfort finding in [4]
Wonosobo stating that cold regions have different thermal
comforts than hot areas [21], [22]. The comfort zone in the [5]
residential houses is quite low, ranging from 27®30
21.63C which is different from that at the office or college
buildings which are ranging from 22@to 29.6C. Due to 6]
the low temperature, the respondents who participate in the[
research conducted at the residential houses in Wonosobo
feel more comfortable than at the office or college buildings
in Jakarta or Bandung. (7]

The difference between the Humphreys' neutral
temperature prediction (22@®) and the result obtained from [g]
the field study on neutral temperature (24@)7is 2.57C.
Meanwhile, the difference between the result obtained from
the field study on neutral temperature and that of the [9]
Auliciems’ (22.94C) is 1.53C.

There is no significant difference between PMV
prediction (0.057) and AMV value (-0.06), which is equal to [0
only 0.117. However, the results of PMV show that the
average occupants of residential houses are predicted to fegi1)
neutral to slightly warm while those of AMV show that they
feel indifferent to cold. These findings are following those of
the previous studies assuming that PMV is less feasible toy 5
predict the naturally ventilated buildings [23][24].

IV. CONCLUSION [13]
Comfort temperature for the traditional residential houses
located in the mountainous tropical areas is 2€47, or [14]
24.14C T4 or 24.17C T, or 25.08C Tgr or 24.69C Teer.
The comfort zone is ranging between 22®5- 27.11C T,
or 21.63C— 26.65C T, or 21.65C — 26.68C T, or 22.22C 151

— 27.93C Tgr or 22.07C — 27.30C Tser All the obtained
comfort temperatures are lower than those in Jakarta and

Bandung. [16]
Humphreys’ comfort temperature prediction is 2G7
lower than the neutral temperature obtained from the field [17]

study. Conversely, the Auliciems’ comfort temperature

prediction is 1.5 higher than the neutral temperature

obtained from the field study. It suggests the presence of
adaptation to the local temperature. The result of [18]
respondents’ thermal prediction using PMV shows a slight

difference of only 0.117 points.
(19]
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