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Abstract. In recent years, outdoor air humidity has sigaifity increased,
especially during the hot and humid summer seasdapan. In this regard, if a
room is overcooled for a long period of time, thigere is the risk of condensation
in areas where humid outdoor air enters interioms through gaps. Thus, the
purpose of this research is to understand thetsfééairtightness and ventilation
on the humidity environment of non-residential ssa¢e.g., inside partition
walls) in detached houses. Based on the findingsittight non-residential
spaces, no effects of high humidity were obserded,to outdoor air infiltration.
However, if there were small holes at the top/buottaf the partition walls, then
the humidity in the non-residential spaces incrdase the case of exhaust
ventilation, the humidity in the non-residentiahsps increased, which promoted
the entry of outdoor air into such spaces. Thiesause the inside of the building
had negative pressure. As for the case of balameatilation, the effect was
smaller. Overall, these results provide importaribrimation for considering
effective methods for suppressing summer condemsati
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1 Introduction

During the hot and humid summer, air-conditionisgessential for maintaining a
suitable thermal environment in a detached houseeder, extended overcooling, as
shown in Fig. 1, poses a risk of summer condensatiamon-residential spaces, such
as within partition walls and behind ceilings. Thiscurs when humid outdoor air
infiltrates close to the interior surface of th@mothrough gaps. Figure 2 shows the
average outdoor air temperature and dew point guatin Tokyo [1], [2]. Historically
(1990-2010), the dew point was approximately 2bU€jn recent years (around 2020),
it has risen to around 23°C-24°C and is projeategkteed 24°C in the future (2077—
2099). Consequently, the likelihood of summer cosdéion is expected to increase.
This study aims to understand the factors influegndiemperature and humidity
formation in non-residential spaces and proposesuorea to prevent summer
condensation. This research presents experimergaltgeclarifying the effects of
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airtightness, ventilation, and wallpaper moisturernpeability resistance on the

humidity environment within non-residential spadas|uding partition walls.
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Fig. 1. Image of condensation Fig. 2. Temp., dew point (August, Tokyo) [1],[2]

2 Experimental methods

2.1 Experimental building

In this study, measurements were taken in a onmg-gtooden hut (floor area 9.93n
built in a constant temperature and humidity latmsa Figure 3 presents the floor plan,
while Fig. 4 shows the cross-section and insulagmetifications. It has non-residential
spaces such as spaces under ceiling insulationpartdion walls. The insulation
performance was equivalent to the Japanese energgervation standard, with the
total equivalent clearance area of 51.2 amd a clearance value of 1.69. In this case,
ventilation could be switched between balancedilatioin and exhaust ventilation.

2.2  Experimental condition

The outdoor temperature was a constant 30°C, wheléndoor temperature was 24°C,
with the air conditioner set on the “light breezebde. In order to determine the
difference in humidity in the non-residential spao@der each condition, the outdoor
condition was changed from low humidity (30% RHwdpoint 10.5°C) to high
humidity (60% RH, dew point 21.4°C) after approxtaig one hour. The experiments
were conducted under the conditions shown in Tableot the condition with poor
airtightness (Nos. 1-3), holes with a diameter ®h#m were drilled through the top
and bottom plates (see Fig. 6-8) in the compartriuaated at the center of Fig. 4
(assuming a through-hole for wiring). Regarding ¢beadition with good airtightness
(No. 4), the through-hole at the top and bottorthefpartition wall were taped shut. In
both conditions, a through-hole with a diamete2®fmm was provided at a height of
1 m above the floor on the vertical side of thetipan wall facing the room (entrance
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side), assuming clearance of a switch. Overalgahrentilation systems were used:
balanced ventilation (No. 1); supply and exhaustilsion with a large air supply (No.
2) to create positive pressure in the room; andieshventilation (Nos. 3 and 4) to
create negative pressure in the room. To comparentiisture permeability resistance
of the wallpaper, the experiments were conductedlaconditions with and without
wallpaper (P.E. 100 0.21 nisPa/ng) on the indoor surface of the plasterbdirtte
general vinyl wallpaper includes a moisture pernigpahesistance of 0.016 fa Pa/ng
[3], the wallpaper used in these experiments hkadively high moisture permeability
resistance (e.g., dust-proof wallpaper appliedeart rooms).
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Fig. 3. Floor plan Fig. 4. Cross-section and insulation spec.

Table 1. Experimental condition

Conditior  Airtightnes: Ventilation metho
No. 1 Balanced ventilation (OA: 30 #h, EA: 30 ni/h)
No. 2 Holes exist Supply and exhaust ventilation with a large airgyp
' (non-airtightness) (OA: 45 m3h, EA: 30 m3/h)
No. 3 -
o Exhaust ventilation (EA: 30 #h)
No. 4 No holes (airtightness)

2.3  Experimental and measurement instruments

A window air conditioner was used for cooling, vehé fan was used to adjust the
ventilation air volume with a voltage regulator.eTtemperature and humidity in the
outdoor, indoor, and non-residential spaces (pagtition walls and crawlspace) were
measured at 1-minute intervals using T-type thepuples and a CHS-UPS humidity
sensor (made by TDK). As for the differential pressin these spaces, it was measured
at 1-second intervals using a SDP800 pressure isémsale by Sensirion) until 18
hours after the experiment began.
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3 Experimental Results

3.1 Temperature, humidity, and differential pressurein the non-residential
spaces

Figure 5 presents the temperature and humidity mneasents under Condition No. 1
(without the wallpaper), while Fig. 6 shows thefeliéntial pressure measurements.
After the constant temperature and humidity lalmgabecame humid, the indoor
temperature and humidity were 24°C-25°C and 55%(&#4olute humidity: 10-11
g/kg"), respectively, due to the effect of air citioding. Meanwhile, the temperature
and humidity of the outdoor and attic spaces wpmaximately 30°C and 60% RH
(15 g/kg’), respectively. The temperature of thevtspace was lower than that of the
outdoor space (due to the effect of the ground)pptoximately 29°C. The temperature
in the partition wall was about the same as thaéih@froom because both vertical sides
of this wall faced the room and the humidity waswl65% RH (13 g/kg’) in Condition

No. 1. The temperature and humidity under the agilisulation was about 27°C,
80%
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Notes: These figures show the measurements ofeiliffial pressure. As for the window air conditioneed

in the experiment, when the compressor was statttedsoom was depressurized by approximately 2.5 Pa
because air was exhausted from the room throughaitheonditioner. Meanwhile, the compressor was
operated for and stopped for roughly 2 and 4 meyutspectively. The differential pressures shawfigs.

6-8 are the average values when the compressanavasnning.



Effects of airtightness and ventilation on the hditgienvironment of non-residential spaces in
detached houses 5

55%RH (12 g/kg'), respectively. When the horizondifferential pressure was
evaluated at FL+1000 mm, along with the verticdledéntial pressure at the boundary
(e.g., the ceiling and floor surfaces), the diffdi@ pressure between the inside and
outside was close to 0 Pa, since the air supplyeahdust by the mechanical ventilation
were equal. Meanwhile, the partition wall was OR22 lower than under the ceiling
insulation, 0.18 Pa higher than the crawlspace,a@8 Pa higher than in the room.
Therefore, air flow from the attic to the crawlspace room was via under the ceiling
insulation. Conversely, under Condition No. 2 (Fy.in which a large amount of air
was supplied and the room was under positive presthe air flow was from the room
to the partition wall and under the ceiling insidat Under Condition No. 3 (Fig. 8),
in which the room was under negative pressurealitieetion of the differential pressure
between the non-residential spaces and the roonhgasame as in Condition No. 1.
However, the differential pressure was larger.

3.2 Dimensionless absolute humidity ratio in the non-residential spaces

Since the absolute humidity of the non-residemsti@ces depended on the outdoor and
indoor values, both effects were considered bydihgensionless absolute humidity
ratioy shown in Equation (1) [4]. In the equation, X is #ibsolute humidity, the sub-
script a is the attic, i is the indoor, and o is tutdoor. When was close to 0, the
absolute humidity of the non-residential spacesai@se to the indoor value. However,
wheny was close to 1, then it was close to the outdabres

Xa = Xo — X)/(Xo — Xi) 1)

Figure 9 presents the(30-minute moving average) for each conditionhaf partition
wall. Based on the findings, the humidity in thetjti@n wall did not increase under
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Fig. 9. Dimensionless absolute humidity ratio

Note: In this study, the method of Hens et al [4bwised to evaluate the humidity increase in non-
residential spaces, given that the indoor/outdbsplute humidity was somewhat different for each
experimental condition. As the conditions were baw@ summer, the high and low humidity outdoor area
were set to 1 and 0, respectively, with respetiiéadimensionless absolute humidity ratio.
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Condition No. 4 (in which there was no through-hpiedicating that air tightening is
important to control the humidity increase in tratjtion wall. In addition, the, for
the partition wall without the wallpaper after 18uns was 0.08 for Condition No. 2
(supply and exhaust ventilation with a large aippy), 0.33 for Condition No. 1
(balanced ventilation), and 0.46 for Condition Rdexhaust ventilation), with the
smaller values shown on the left. This is becauseptsitive pressure in the room
suppressed the flow of moisture from the outsidthéopartition wall, indicating that
the ventilation method had a significant effecttba humidity of the partition wall.
Moreover, they for the partition wall after 18 hours was gengrdligher under the
condition with the wallpaper. For example, in Cdiati No. 1 (balanced ventilation),
they was 0.63 with the wallpaper and 0.33 without tladipaper. This was because the
moisture permeability resistance from the partitieadl to the room was suppressed,
indicating that such resistance of the wallpapeat hasignificant influence on the
humidity environment in the partition wall.

4 Conclusion

In this study, several experiments were conductecuriderstand the effects of
airtightness, ventilation, and moisture permeapitiésistance of wallpaper on the
humidity environment in non-residential spaces. Temilts are as follows. First, in
airtight non-residential spaces, no effects of hlgimidity (due to outdoor air
infiltration) were observed. However, even if thesere small holes at the top or bottom
of the partition wall, the humidity in the non-résntial spaces still increased. Second,
in the case of exhaust ventilation, the humidityhie non-residential spaces increased,
which promoted the entry of outdoor air. This wasduse the structure had negative
pressure. Conversely, in the case of balanced latoti, the effect was smaller.
Finally, when the moisture permeability resistaottne wallpaper was large, moisture
permeation from the non-residential spaces tortlear spaces was suppressed, while
the humidity in the spaces increased. These resugjgest that building airtightness, a
ventilation plan that prevents negative pressusa@the building, and a design that
reduces moisture permeability on the interior siell surfaces are important to
suppress summer condensation.
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