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Thermal Environment Tolerance and Perspiration by Relaxing the Temperature Setting

with Room Temperature Fluctuation
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Air conditioning control systems that prioritize human factors have been developed to address the dual needs of thermal
comfort and energy savings. This research aims to explore the relationship between thermal environment tolerance,
perspiration, and thermal comfort in relation to fluctuations in room temperature. Experimental results demonstrate that the
increased perspiration due to increased thermal sensation with short time lag can reduce thermal discomfort in fluctuating
room temperature, considering physiological response. Furthermore, it was found that thermal sensation is significantly

enhanced in conjunction with the sensation of sweating.
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Fig.6 Total Thermal Comfort
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Fig.7 Total Thermal Sensation
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Fig.8 Relationship between Perspiration and Thermal Comfort
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Environmental Choice of Office Workers and Energy Conservation
in Workplaces with Various Thermal Environments
(Part 1) Questionnaire Survey on Comfort and Workplace Choice
with “Uneven Air Conditioning System” in Summer
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Decarbonizing tenant buildings is critical in Japan, as most offices are leased and the adoption rate of Zero Energy
Buildings (ZEB) is low. Office usage is shifting towards Activity-Based Working (ABW), blending physical and
environmental factors to enhance worker comfort and engagement while aiming for energy conservation through natural
energy. This study evaluates non-installation strategies, using existing HVAC and workers' thermal choices to improve
comfort and efficiency. Results from an "Uneven Air Conditioning System" summer trial, including comfort, choice impact,

and energy savings, are reported.
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Fig.8~11 Air Conditioning System (ACS) Energy Consumption
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Determination of Lower Limit of Indoor Humidity

Extraction of Feature in Skin Texture Based on Skin Micrographs

Otk AN (FFERF)

Taketo SHIMIZU*1

e BE (ME R
Satoru TAKADA*1

*1  Kobe University

This study aims to clarify the relationship between the features of skin texture by 2-dimensional Fourier transform of

microscopic skin images, and ambient humidity, through experiments in which subjects were exposed to changes in absolute

humidity. Among the fineness and complexity of the skin texture, complexity was better correlated with humidity. Complex-

ity in skin texture has potential for evaluating skin health status or aesthetic assessment due to quantitative measurement of

fine irregularities.
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Fig. 1 Experimental protocol for response to humidity step changes
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Fig. 4 Temporal fluctuations in moisture content

2 F S6 o
= S5 S2
= L
£ °F Sfts sst
& $6 =
| S2
g 28
< S2
§ Sle 5
2 S3
= R
Z S; sS4 sf
=
64 sP
et S
4 5 6 7 8 9 10 11
Absolute Humidity [g/kg(DA)]
Low Humid. Mid. Humid. High Humid.

Fig. 5 Relationship between absolute humidity and moisture content

~

—

o
T

Complexity
=
= :
————
Rl
N
2]
F N

Absolute Humidity [g/kg(DA)]

Fig. 6 Relationship between absolute humidity and complexity



A-65
Coosf -
g o °s $
2 oo = 5,55
£ 096T 36
[ s4
0.94 1 L L L 1 L L L 1 L L L 1
4 6 8 10

Absolute Humidity [g/kg(DA)]
Fig. 7 Relationship between absolute humidity and fineness

Table 1 Correlation coefficient between feature in skin textures and en-
vironmental/human factors

Factors Coef. of fineness Coef. of complexity
Relative Humidity -0.219 -0.431
Absolute Humidity -0.202 -0413
Moisture Content 0.245 0.242
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Determination of Water Diffusion Coefficient in Stratum Corneum

for Evaluation of Skin Dryness Characteristics
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BE (FFRF)

i

Kotoe TANAKA*1 Satoru TAKADA*1

*1 Kobe University

To evaluate the characteristics of skin dryness, we determined water diffusion coefficient in the stratum corneum by

comparing measured values of skin moisture content change during a series of skin immersion in water, followed by drying

with calculated values using a water transfer model in the stratum corneum. The water diffusion coefficient was optimized

so that calculated values matched measured values. In most measurement cases, the rate of change in calculated values got

closer to measured values when the diffusion coefficient was 5 times of literature value, and thus the diffusion coefficient

was determined for the subject.
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Fig. 2 Changes in skin moisture content measurements over time
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Effect of solar shading on indoor thermal environment

(Part 3) Model experiment by measuring temperature and illuminance using various
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Tomoya SHIRAKAWA*1

WwH A (RBESGEE KS)
Haruo SOEDA*1

*1 Osaka Electro-Communication University

In this study, we aimed to clarify through simulation the effect of reducing power consumption of air conditioners and

improving thermal comfort when using solar shading objects such as bamboo blinds. We conducted heat load

simulation of the house with air conditioner model using weather data in Osaka. Power consumption was

reduced by 31% for plastic blinds (light color) and 49% for plastic blinds (dark color), compared to without solar shading.

It can be seen that thermal comfort is improved the most in the case of plastic blinds (dark color).
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Fig. 2 Model experiment of model 1 (light colored plastic blinds), model
2 (dark colored plastic blinds) and model 3 (Certain company shield)
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Fig. 3 Model test results for Model experiment of model 1 (light colored
plastic blinds), model 2 (dark colored plastic blinds) and model 3
(Certain company shield) on December 2, 2022 (central temperature)
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Fig. 5 Illuminance experiment results 2023/12/20
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Fig. 7 Room temperature simulation results 2023/8/1
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Fig. 8 Simulation results of the amount heat of air
conditioner 2023/8/1
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Fig.9 Simulation results of air conditioner power consumption
2023/8/1
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Table 1 Accumulated amount of heat by air conditioners,

accumulated power consumption, and their reduction rate

. light colored plastic [dark colored plastic
No shield
blinds blind

Accumulated amount of

1034.2 721.7 484.7
heat[kWh]
Reduction rate[%] - 30 53
Accumulated power

151.5 104.8 74.9

consumption[kWh]
Reduction rate[%] - 31 51
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Study on evaluations of relaxation effects of utilizing a parasol for a pedestrian on thermal

environment in outdoor spaces

(Part4) Evaluations of adaptation effect for a pedestrian with a parasol on thermal

environment in outdoor space by using a filed observation

Ofe # 4 H F (RELTFKY)
Kyoko KUMAGAT*1

5 B R GRERLFRT)
Shinji YOSHIDA*1

*1 Nara Women’s University

Due to the deterioration of thermal environment in outdoor spaces in summer seasons, behavioral adaptations of outdoor

residents and pedestrians attract attention. In this paper, we analyzed the microclimate around a pedestrian with a parasol.

From the results, We evaluated the relaxation effect of the thermal environment

from the solar transmittance considering

sky rate. By considering the sky coverage, we could evaluate the shading effect of the parasol itself. In the future, we plan

to evaluate and study the thermal comfort of parasol users.
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Table 2 Actual measurement case

Outside | inner . length
date type color color material [cm]
July 28 s}sllilerﬁir?seg) black black polyester 82.5
August cotton90%
10 cloth black black hemp10% 71.8

place Measurement items
Global Horizontal Irradiance, long wave radiation,
surface temperature, surface conduction heat amount,
parasol . 1
temperature, relative humidity, globe temperature,
wind speed, earth surface temperature
Global Horizontal Irradiance, globe temperature,
Sunny place long wave radiation temperature, relative humidity,
wind speed, wind direction, earth surface temperature,
weather Global Horizontal Irradiance, horizontal sky radiation,
conditions long wave radiation, wind speed, wind direction
Stevenson . .y
temperature, relative humidity
Screen
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Fig.4 Types of parasols

(1) Summer Shield (7/28)
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Study on Accuracy Improvement of Non-invasive Measurement of Core Temperature
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Haruki Yokota*1

*1 Osaka prefecture University
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*2 Waseda University
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Measurements of core temperature are important for health management. Conventional methods directly measure rectal

temperature, which is uncomfortable and difficult to measure daily. Therefore, in this study, we investigate the development

of a non-invasive and continuous measurement device using Dual-Heat-Flux method. First, we confirmed through thermal

analysis that the estimated core temperatures become inaccurate as ambient temperatures drop due to heat loss from the side

of the device, and proposed a new measurement method that includes consideration of the heat loss. Subsequently, we

confirmed in experiments that this method improves the accuracy of measurements over a wide ambient temperature range.
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Fig.3 Position of each grid
Table 1 Boundary conditions at each position
Position Boundary condition
Agar underside Isothermal (37.0°C)
Side of agar Insulation

Top of agar and device Natural convection & radiation

Side of device Natural convection & radiation

Between agar and device Heat flux continuous

Table 2 Initial conditions at each position

Position Initial condition
Agar other than underside 33.2°C
Agar underside 37.0°C(=const)
Device Tair

ZESAN -+ R A T RS
TR R R SRR (2024. 3. 8)

Table 3 Physical properties of polystyrene foam and agar®-

Material | Polystyrene Agar
Properties foam

Specific heat capacity (J/kg K) 1100 4020
Thermal conductivity (W/m K) 0.028 0.57
Density (kg/m?) 25 1040
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Fig.4 Numerically calculated quantity of heat passing vertically through

the agar (Qsk1, Qsk2) and the device(Qh1,Qh2) and out the sides of the
device(Qsidel,Qside2)
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Fig.5 Numerically calculated heat flux passing vertically through the
agar (Isk1, Isk2) and the device (Ih1,Ih2) and Heat flux through the

vertical direction considering heat loss on the sides(lavel,lave2)
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Fig.6 Comparison of core temperatures errors calculated using
temperatures at each measurement point calculated numerically at each

ambient temperature.
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Fig.8 Comparison of core temperature error calculated by the
calculation formula that considers heat loss from the sides using the
heat transfer coefficient of forced convection and the core temperature

error calculated by the conventional formula.
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Fig.10 Comparison of core temperatures calculated using the 5-min

moving-average measured temperatures and the original
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Fig.11 Comparison of the calculated core temperature error using the
conventional formula and the calculated core temperature error using
the formula with side correction for the experiments conducted twice at

each temperature.
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Study on the Evaluation Method of Heat Countermeasure Facilities Using Water Mist
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*2  Waseda University

Recent urbanization has worsened the heat in cities, leading to increased health issues like heatstroke. To deal with this,

heat countermeasure facilities such as sunshades, fans and mist have been installed in urban areas. However, there is a lack

of established methods to evaluate their effectiveness. This study focused on evaluating solar sunshade facilities with mist

spray for heat mitigation. Wetting of instruments in misty environments complicates accurate measurement of temperature

and humidity, so a new method using dry and wet gauze was devised. Results showed accurate measurements in

environments without mist. Mist spraying led to temperature decrease and humidity increase, even in small areas. A modified

model was used to predict human body response in mist environments, showing significant temperature differences with and

without mist adhesion. Accurate facility evaluation requires careful measurement positioning due to variations in misty

environments.
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Fig.1 Transition of dry and wet bulb temperatures measured by
thermocouple and neighborhood air temperature measured by

temperature and humidity sensor.
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Fig.5 Measured results of temperature and relative humidity profile in

spray flow rate 9.42L/h.
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Fig.6 Measured results of temperature and relative humidity profile in

spray flow rate 20.3L/h.
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Evaluation of a Greening Planter in a Cool Spot near a Station
Using Vector Radiation Thermometers
Oz tat CRERHNZR) [ = N /AN D)
Sk R (RIRASLREE) Palk]  EFe CRBRANKR)
Ryoya OKABE*1 Yukina TAKAYANAGI*2
Minako NABESHIMA*2  Masatoshi NISHIOKA*2
*1 Osaka City University *2 Osaka Metropolitan University

This paper aims to demonstrate the effectiveness of vector radiation thermometers through the evaluation of greening
planters in cool spots near stations. The vector radiation thermometer in this study uses radiation temperature sensors and
heat flow sensors to measure long-wave and short-wave radiation by direction by solving the heat balance formula on the

surface of the heat flow sensor.
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Development of the Water Phase Change Model Considering Droplet Size Distribution to
Evaluate the Effect of Ultrasonic Humidifier on Indoor Thermal Environments.
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Yusuke KITAURA*1 Naoto OOYA*1 Yuki ISHIHARA*1
Tomohito MATSUO*1 Hikari SHIMADERA*1 Akira KONDO*1

*1  Osaka University

When an ultrasonic humidifier is used to control indoor humidity, the room temperature is decreased by the latent heat of
vaporization of the droplets. Accurate estimation of the change of temperature and humidity considering the effect of
vaporization is essential for controlling the indoor thermal environment. In this study, a CFD model incorporating a water
phase change model with droplet size distribution was developed to estimate the temperature and humidity change due to
the use of an ultrasonic humidifier, and wind tunnel experiments were conducted to validate the model. The CFD model
reproduced the wind tunnel experiments approximately. Model parameters related to microdroplet evaporation were adjusted
to estimate air temperature and humidity better. In addition, a lognormal droplet size distribution was selected to improve

temperature estimation accuracy.
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Table 1 Experiment case
Humidifier Wind tunnel
Wind Water Amount of Wind Air Turbulent
Case Humidity
velocity temperature humidification velocity temperature kinematic
name ratio [kg/kg]

[m/s] [°C] [kg/s] [m/s] [°C] energy [m?/s?]
h3w0.5 0.74 24.5 2.50<10* 0.49 25.8 1.34 X102 4.1X103
h1w0.5 0.74 232 1.07X10* 0.50 249 1.35X10? 0.84 X103
h1w2.0 0.74 24.1 1.22X10* 1.98 26.7 1.36 X102 7.3X1073
h3w2.0 0.74 243 2.49Xx10* 2.01 273 1.46 X102 6.2X1073
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Fig. 4 Particle size distribution

Table 2 7,4, 0, and RMSE for each case

x[m] med Lpm] g RMSE
0.00 3.9 0.55 0.009
hlw0.5 0.50 3.9 0.61 0.020
1.00 3.7 0.54 0.011
0.00 4.4 0.52 0.009
h3w0.5 0.50 4.7 0.54 0.012
1.00 3.4 0.53 0.013
0.00 3.6 0.52 0.008
hilw2.0 0.50 3.1 0.42 0.005
1.00 2.6 0.58 0.007
0.00 4.3 0.50 0.004
h3w2.0 0.50 5.1 0.36 0.008
1.00 4.8 0.36 0.007
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Evaluation of Indoor Thermal Comfort under Radiant Cooling Conditions Using Radiation-
coupled CFD
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This research conducted numerical simulations for comparatively evaluating indoor thermal comfort under conditions

using a radiant cooling system and that using a conventional convective cooling system. Both cooling systems were adjusted

to achieve the same operative temperature. The results showed that the radiant cooling system produced relatively uniform

air and wall surface temperature distributions, while the convective cooling system produced air temperature stratification.

In addition, because of the difference in air temperature distributions, the radiant cooling condition showed less spatial

variation in PMV than the convective cooling condition. These results indicate that a radiant cooling system provides uniform

thermal comfort.
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Table 1 Definition of the characters in equation (1)~(7)

Character Definition Unit
Fjy View factor [-]
A; Area of surface i [m?]

0, 6; Angles formed by the line connecting £
the surface i and j and normal lines of
surface i and j
r Distance between surface i and j [m]
o Stefan-Boltzmann constant [W/m?K4]
& Emissivity of surface i [-]
t; Surface temperature of surface i K]
a; Absorptivity of surface i [-]
P Reflectivity of surface i [-]
N Total number of surfaces [-]
Qri Radiative heat flux emitted from [Wim?]
surface i
Qi Incident radiative heat flux to [Wim?]
surface i
Dy; Absorption factor matrix [-]
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Fig.4 Inlet air direction
Table 2 Boundary conditions
Boundary Value

Outer wall surface temperature [C] 38

Radiant panel surface temperature ['C] 19

Inlet air temperature ['C] 17
Inlet air speed [mv/s] 0.3 (X-component)
0.3 (Y-component)

0.3 (Z-component)

Outlet air speed [m/s] 0 (X-component)

0 (Y-component)

0.64 (Z-component)
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Table 3 Average air temperature, MRT and operative temperature

Average air MRT Operative
temperature [C] temperature
[C] [C]
Radiant case 235 24.0 23.7
Convective case 20.5 27.0 23.7
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Effects of Local Airflow on Human Physiological and Psychological Reactions under the Same

Amount of Heat, (Partl) Comparison of Elderly and Young people and Gender Differences

through Subject Experiments
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This study shows we conducted experiments on local airflow in the laboratory with subjects under the same amount of
heat and analyzed differences due to gender and age differences. As a result, elderly people were more likely than young
people to feel cold when exposed to wind in low-temperature zones, but in high-temperature zones their thermal sensations
were neutral, with no difference from younger people. Besides, in low-temperature local airflow, the thermal sensation of
the cooling part has a high contribution rate to the thermal sensation of the whole body, and young people contribute more

to the thermal sensation of the whole body than the elderly.
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Table 1 Experimental conditions
Airflow Air . Part where airflow
Case properties Temp. Air Vel is applied
1 — . — —
2 locality 24°C 1.8 m/s Arm
3 - o - -
3 ey | °C 18wk Amm

Movement (via insulation space)  Airflow adjustment time

___________________

!Sit in a chair and rest | ‘/ CASEI or 3 \,‘"',l CASE2 or 4
[ QrCY Ml (No airflow) | _\(Applies airflow to arm
-32 =270 307

.- Teeol [min.]
* Conduct the same survey for CASE2 or4 =
Questionnaire based on subjective reports
012345 10 15 20 25 30
[min.]
Fig.2 Experiment procedure
T

. Table.2 Questionnaire items

Thermal Sensation /Comfort Sensation
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Local Thermal Sensation
(Face,Neck,Chest,Back, Arm,Hand, Waist/
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Fig.3 Experiment situation
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Fig.10 Contribution rate of local thermal sensation to whole body sensation (Case2)
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Table.3 Effect of skin surface temp. on sweat rate [ Top 2 most influential inSCC. [__] Top 2 most influential in PRC.
Local Elderly Men Elderly Women Young Men Young Women
guhrlflace Simple Parfial Simple Partial Simple Parfial Simple Parfial
Temp. | Correlation | Regression R? Correlation | Regression R Correlation | Regression R? Correlation Regression | R’
Coefficient Coefficient Coefficient Coefficient Coefficient Coefficient Coefficient Coefficient
Forehead 0.076 0.0000 0.600 0.0000 0.540 0.0000 0.651 0.0000
Chest 0.685 0.0649 0.576 0.0000 0.364 -0.0126 0.661 0.0562
Shoulder 0.639 -0.0952 0.582 0.0015 0.360 0.0552 0.656 -0.0223
Hand 0.729 0.0608 0.643 0.587 0.0203 0.364 0.344 -0.0609 0.344 0.652 0.0134 0.455
Thigh 0.076 -0.0411 0.600 0.0858 0.540 0.1729 0.651 0.0434
Leg 0.685 0.0000 0.576 -0.0287 0.364 0.0000 0.661 0.0000
Foot 0.639 0.0000 -0.517 0.0009 0.360 0.0000 0.656 0.0000
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Confirmed Air Velocity and Ventilation Efficiency by Airflow Simulation in

Infection Examination Rooms and Hospital Room
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In this study, we conducted airflow simulations to confirm airflow properties and ventilation efficiency in an infectious

disease laboratory and infectious disease ward from the perspective of infection risk.

Based on the results, we revised the plan to make it more effective.
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Summer measurement results and questionnaire survey of low-speed air conditioning and
individual outlets installed in dialysis rooms
Offcx AR & (Frh THJE) A BEE (P T L)
Mai SASAKI*1  Takashi HAGIHIRA*1

*1  Takenaka Corporation

We verified the effectiveness of an air conditioning plan that takes into account the thermal sensation of dialysis patients.
Temperature and wind speed were measured to ensure that the indoor environment was as planned. Furthermore, we
conducted a questionnaire among patients and staff to verify the subjective effects. The indoor environment has been

significantly improved compared to the previous dialysis room, with improved thermal sensation and air flow.
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Evaluation of Precast Concrete Ducts for Performance Verification
O/ #k B A & #E E
Yusuke KOBAYASHI *!'  Koki SHAMOTO *!  Minoru SATO *!

*1 Takenaka Corporation

Precast concrete construction is one of the methods to improve labor productivity in the construction industry. In this
study, we conducted a condensation test, a pressure loss test, and an airtightness evaluation to verify the performance of

ducts composed of precast concrete members. We report on the evaluation results.
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Table4 Measuring conditions
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Fig.16 Overview diagram of the test equipment and details
of the joints
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Fig.17 Amount of air leakage at Pca duct joints
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Analysis of Factors Influencing Thermal Sensation in Offices by Air Conditioning Mode
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This study aims to identify the factors affecting various degrees of thermal sensation. Data acquired from surveys in
Kansai offices were analyzed using ordinal logistic regression. Results showed that 7 FR, 7 CL, and 6 HT items influenced
thermal sensation. However, the factors and their impact varied depending on the air conditioning mode. Additionally,

nn

factors such as "air flow preference," "sweating condition," and "glove temperature" significantly correlated with thermal
sensation across all modes. Moreover, factors that have a particularly strong impact on thermal sensation are "sweating

condition" during FR and CL, and "overall comfort" during HT.
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Table 1 Investigated buildings information

. Research . Number
No City Structure floor Survey period of votes

1 Nishinomiya RC 4 2021.9~2022.1 50

2 Nishinomiya RC 1 2021.9~20229 114
3 Nishinomiya SRC 4 2021.1~2023.1 59

4 Osaka SC/S 28 2021.11~2023.1 170
5 Nishinomiya RC B1 2021.11~2022.1 220
6 Ibaraki SRC 6 2022.4~2023.3 353

Table 2 Contents of the questionnaire used in the survey

A Basic
2 Gender 8  Cooling preference
3 Age 9 Heating preference
4 Height 10  Sensitivity to the Noise
5 Weight 11 Sensitivity to the Smell
6  Exercise Time per Day 12 Usual environment condition
7 Constitution
B Subjective Evaluation
1 Modified Thermal Sensation 12 Air Quality
2 Thermal Preference 13 Ease of Work
3 Thermal Acceptability 14 Fatigue
5 Humidity Sensation 15 Sweating Condition
- Activity in the last 1 5min
6 Humidity Preference 16 —, Metabolic rate
7 Airflow Sensation 18 Occupant Behavior Adapted to
Experience Coolness
8 Aiflow Preference 19 Occupant Behavior Adapted to
Experience Warmth
9  Overall Comfort 21 Clothing Condition
10  Brightness Sensation 22 Thermal sensation
11 Brightness Preference
C Environmental Survey C’ Outdoor Environmental Survey
4 CO2 concentration 1 Running Mean Outdoor
Temperature (Trm)
5 Airtemperature (Ta) 2 Daily Mean Temperature
. L Daily Mean Maximum
6  Relative Humidity (RH) 3 Temperature
Daily Mean Minimum
7  Globe temperature (Tg) 4 Temperature

8  Mean radiant temperature*

*Calculated from Ta and Tg.
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Fig.1 Variation in the thermal sensation votes
categorized based on the mode
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Table 3 Contents used in multivariate analysis
FR | CL
A-2 Gender(man) O
A-3 Age O
A-5 Weight

A-7-a Constitution (Sensitivity to Heat)
A-7- Constitution (Sensitivity to Cold) O
A-8-a Cooling preference (Like)
A-8-b Cooling preference (Neither)
A-8-c Cooling preference(Dislike) **
A-9-a Heating preference (Like)
A-9-c Heating preference (Dislike)
A-11 Sensitivity to the Noise

B-3 Thermal Acceptability

B-5 Humidity Sensation

B-6 Humidity Preference

B-7 Airflow Sensation

B-8 Airflow Preference

B-9 Overall Comfort

B-11 Brightness Preference

B-12 Air Quality

B-13 Ease of Work
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O 0O O 00

O 00000
0000 O

OO0 00O 0000 0O O
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B-14 Fatigue

B-15 Sweating Condition

B-16 Metabolic rate

B-18-a Ate/Drank something cold
B-18-d Rolled up sleeves

B-18-g Used an electric fan

B-18-p Did not do anything

B-19-a Ate/Drank something hot

B-19-b Used a blanket over knees
B-19-0 Did not do anything

B-21 Clothing Condition

C-4 CO2 Concentration

C-6 Relative Humidity

C-7 Globe temperature

C'-1 Running Mean Outdoor Temperature
C'-2 Daily Mean Temperature

C'"-3 Daily Mean Maximum Temperature
C'-4 Daily Mean Minimum Temperature

O 0000
0000000
000

O

OO
O 0000000

000 OO 00
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Table 4 Odds ratio of factors affecting thermal sensation

Odds ration

Items FR CL HT

A-8-a Cooling preference

dislike 1.00
like 1.90

B-8 Airflow Preference

A Dbit less air movement 1.00 1.00 1.00
No change 558 324 429
A bit more air movement 31.1 10.5 184

B-9 Overall Comfort

uncomfortable 316 71 1.00
comfortable 1.00 7.06

B-12 Air Quality

Good 1.00
Bad 2.23

B-15 Sweating Condition

No Sweating 1.00 1.00 1.00
Sweating 995 ™ 493 ™ 659

B-16 Metabolic rate

Increase by 1met 1.99

B-18-a Ate/Drank something cold

No action 1.00 1.00
Action 218 ° 591

B-18-d Rolled up sleeves

No action 1.00
Action 2.83

B-18-p Did not do anything

Action 1.00
No action 1.89

C-7 Globe temperature

Increase by 1°C 182 ™ 138 " 1150

C'-1 Running Mean Outdoor
Temperature

Decrease by 1°C 0.90

C'-3 Daily Mean Maximum
Temperature

Increase by 1°C 0.86

Constant term

* 1 P<0.05 ** 1 P<0.01
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Changes in physiological response by local cooling to the sole of foot
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Yuki Shirakawa*1 Atsumasa YOSHIDA*2 Shinichi KINOSHITA*3
Kunihito Tobita*3 Takashi Kawabata*4

*1 Osaka Prefecture University *2 Waseda University *3  Osaka Metropolitan University *4  Kansai University

The effects of cooling to the sole of the foot by coolants set at various temperatures on physiological changes were

examined by subject experiments and a human body thermal model. Experiments were conducted in an artificial weather

room at air temperature of 35°C, humidity of 60%, and walking speed of 6.0 km/h. Calculations using the human body

thermal model were also performed under the same conditions. Experiments and calculations showed that cooling the feet

with a cooling material had a positive effect on trunk temperature and perspiration rate in a hot environment.
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Fig.1 Protocol of subject experiment for sole of foot cooling
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Fig.6 Calculation of effect of limb cooling on core temperature rise by JOS-3
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Tablel Cutaneous vascular conductance [(100g + mi)y(min + mmHg)]

without cooling with cooling with cryogenic cooling
Omin 0.035+0.0086 0.037£0.014 0.021+0.0049
30min 0.14%0.050 0.15+0.054 0.122£0.033
60min 0.029+0.012 0.029+0.018 0.023+0.0080
90min 0.033£0.016 0.024£0.018 0.019£0.0054
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Fig.9 Calculation of effect of heat exchange of blood flow
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The study on indoor thermal environment and occupants’ performance

The effect of local airflow on creative work, physiological responses, and thermal sensations

OAT Bk (BlEK=) R
Yota KINOSHITA*1

Bkt (Bl KT)
Atunori HIGA*1

#ge Ffl (BAvER)
Kazuyo TSUZUKI*1

*1 Kansai University

Effects of local airflow to the upper body on the creative work and thermal comfort were investigated. A total of 10

university students participated, 6 men and 4 women. Mind Map were used for the creative work. We set up the room

temperature at 25°C and 27°C, and the participant was exposed to the local airflow of 1.8m/s to the upper body. The men’s

performance on the creative work was the highest by the local airflow on the upper body at 25°C, while they felt colder and

more uncomfortable with lower mean skin temperature.
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XHhoT, Figl IZEBROAR T ¥V 2 — )V ERT,
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L Experimenttime

L Term1 | Term2
1

15:10 15:50 16:35 17:20
(1)Preparation
(2)Adaptation period
(description of the experiment and questionnaire)
(3)Calculation work
(4)Questionnaire and break
(5)Creative work
(6)Questionnaire, body measurement, and break
(7)Tidying up

Fig.1 Experiment schedule

27U v 7 FREEREKN-618 2 L, 7 7 > DJEo EuE
DEDAIETHIB L 1.85n/s &R HREAHH L1~
1.2 #HERE

1 EOFEBRT 1 400 4 LOBEBREDRSIML, #isE
DORREEITHE R Lo, #3720y v Y E203% v 2 Y
— BRAR Y TEMT, A=——& L72(0. 42clo),
BRI FERRAT B IS E 20N L 7 iR 2 B> T3k
THHV, ERY P LVERZ LT 52 L5200
Thbotn, £72, #EREN 2 Hidk L CERICSINT
L L at ST, FERE A Fig2 (ORT,
1.3 AEEE
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Tablel Condition

L Explanation of
Condition
the condition
25°C(UF) | Upper fan at 25°C
25°C(NF) No fan at 25°C
27°C(UF) Upper fan at 27°C
27°C(NF) No fan at 27°C

Fig.2 Scene of the experiment
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Table2 Measurement items and interval

Types of

interval

mm—E— " Physics
=1

e
[ 7—7-55{'/ Tha
g

ature
L -1

Intraparotic temperature [°C]

e
Physiolog

/ vsiology After the end of Term?

e work

/
2 After the c
&% Amount of sweating [g/(cri + h)] '

Before the start of Term1

m

Fig.3 Mind Map
Table3 Result of room temperature and globe temperature

11

Height[m] 0.1 0.6 1.1 1.7
(Globe temperature)
25°C Temperature[°’C] | 24.7 24.7 24.9 25.1 259
SD 0.86 0.83 0.74 0.67 0.62
27°C Temperature[°’C]| 26.3 26.8 27.1 27.2 21.2
SD 0.88 0.61 0.58 0.72 0.49
Table4 Result of wind speed
Place 1.1m Face Chest  |Right hand| Left hand | Underfoot
UF Wind speed[m/s]| 0.14 1.85 0.21 0.15 0.14 0.19
SD 0.11 0.14 0.12 0.10 0.10 0.13
NF Wind speed[m/s]| 0.14 0.15 0.15 0.14 0.13 0.14
SD 0.19 0.15 0.17 0.21 0.18 0.19

ZESRFN - B TR AT S
TR RS R SRS (2024, 3.8)

HHGEER QIR
(%@M@ﬁ@@%ﬁ—@A@ﬁ%M%&@ﬁ@)(D
TN

IEBULRGE = 50 + 10 x

1. 4 MEEHENT
BLIFTIBNTC—JehL B BHTIE A TV, PERINCD
WTIE t REEAT > 7o, HEMEHTIZIL IBM SPSS
Statistics Z{#FH L7=

2. EEBHER
2.1 YIRS

Table3 IZ=IRAY 25°C & 2T°COBAITIUT 5 EBRITfE
M L7e 2 TONOFERRHHP O=EIR & 7v — 7RO
%)% 5%, Tabled (ZADNNRUVIRRETOD 7 7 DAFHEEZ
& D RO 2o,
2.2 &£3BE

Fig.5 (2 TD Term OAREVESERH OMERI DR
JEIROE) 23, AEVESERER O R R O
XEME OB H L 2TCINF) SR bE <
25°C (UF) &3 i HIRL 2o T, SR REIR ORI
WZOWT t E CTIFAEAETA bR o7,
2.3 ILEE
DEEOAEXAECE LT, 25 0HRERT,

2.3.1 EBR

Fig.7 (4T D Term DRNE(FHER OMERIOFEZ KDY
Bamsd, BiELattolbo L b eyl By cEl
IhEL o T e, THEHIFEEE LD ELL LY
e L g ich-liaE oW, 2L By
IFHEMETIE 25°C(UF) S TRB L2008 N L2 D
2TC (NF) S TBB L ZHIREEL 7> TRV, 25C
(NF) £&ftF: & 27°C (UF) 4TI 25°C (NF) St sy &
B OFRBRITEL ot B L BT AT
25°C (UF) S8 k36 L FF8VVFREE & 72 0 | 27°C (NF) 4t
TEBBLEHIIREL - TEY, 25CONP) §4:- &
27°C (UF) Tl 25°C (NF) S D fiin ey & BBy D%

Fig.4 Measurement items and work areas in laboratory
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The increasing use of air conditioners in Indonesia is driven by the need for comfort in hot weather, impacting energy

consumption and the environment, making the weather in Indonesia hotter in each year. This research focusses on the

bedroom environments in Semarang, investigating factors that influence thermal comfort. Data collected from 14

residents aged 18-25 in August 2023 revealed temperature ranges between 22-31°C, humidity levels of 35-65%, wind

speeds of 0.02-0.16 m/s, and clothing insulation levels ranging from 0.2-0.5 clo. In particular, 76% of the collected data

fall within the comfort temperature range defined by the recent new recommendation.

1. Introduction

In the pursuit of sustainable living and the enhancement of
occupant well-being, an in-depth comprehension of indoor
thermal environments within residential spaces emerges as a
critical aspect of architectural and environmental
considerations. This research endeavors to undertake an
extensive exploratory field study, with a specific focus on the
thermal conditions prevalent in bedrooms throughout
Indonesia. The country's tropical climate, marked by its unique
climatic challenges, necessitates a nuanced examination to
discern the factors influencing optimal thermal conditions
within residential settings. By employing a multifaceted
approach, integrating advanced environmental monitoring
techniques and resident feedback mechanisms, this study aims
to unravel the intricate interplay of variables shaping thermal
comfort experiences.

As the times changing and the temperature becoming hotter,
of course the standard thermal comfort is also changing as it
said in Karyono, T.H. research. In 2015 Karyono, T.H. [3]
proposed simple comfort predictor that is limited in its
application to a certain range of average daily temperatures,
between 24 and 29 °C. This paper attempts to renew the data in
residential bedroom.

2. Methods

Thermal measurements and thermal comfort surveys were

conducted in the bedrooms of 14 university students in

Semarang, Indonesia in August 2023.

Generally, an AC unit is installed in participants' bedrooms,
but there is still 1 or 2 people who only use a standing fan in
their room.

Table 1 shows the survey periods and the gender, number
and physical characteristics of the participants, which were
conducted for approximately 1 month in August 2023. The
indoor air temperature, relative humidity and wind speed
were measured in each of participants bedrooms, the sensors
were left away from direct sunlight but besides and in the same
height as participants head when sleeping, at 1 minute intervals
using data loggers (Table 2). The number of participants was
9 men and 5 women. The participants were asked to
respond to the questionnaire in the morning and at night for
three days.

The questionnaire survey was conducted in English before
and after the sleeping period for three nights. Table 2 shows
the measurement tool used in this survey and Table 3 shows
the subjective sensation scales that are being used, which is
ASHRAE scale that is being used to evaluate the thermal
sensation vote (TSV), thermal preference, comfort sensation
vote (CSV), humidity sensation vote (HSV) and wind
sensation vote (WSV). The clothing insulation data was
collected using scale in Fig. 1. Total collected data is 72
sets of thermal comfort votes. The hourly outdoor air
temperature and relative humidity were obtained from
meteorological station in Semarang, Indonesia.
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Table 1 Participants Data
. . Clo.
Number Age Height Mass Area Bedding
Date Sex FL People when
ofpeople  (vea)  (Cm) (Kg) (m2) T e e
2023/08/01- Male 9 23 168 69 2 21 2 2
2023/08/27  Female 5 23 156 54 2 22 2
Table 2 measurement tool
Parameter Measured Trade Name Range Accuracy
Air Temperature, RH, Co2 TR-74Ui 0-55C,10t095% RH +0.5 C,+5%RH
Air Temperature, RH TR 76Ui 0-55C,10t095%RH +0.5 C,+5%RH
Wind Speed Kanomax 0.1-30 m/s
Table 3 Questionnaires for thermal comfort survey.
No.  Thermal Sensation Vote Comfort Sensation Vote Wind Sensation Vote Humidity =~ Sensation Vote
(TSV) (CSV) (WSV) (HSV)
1 Cold Very uncomfortable Weak Very Dry
2 Cool Uncomfortable Slightly Weak Dry
3 Slightly cool Slightly uncomfortable Neutral Slightly Dry
4 Neutral (Neither) Slightly comfortable Slightly Strong Neutral
5 Slightly Warm Comfortable Strongest Slightly Humid
6 Warm Very comfortable Humid
7 Hot Very Humid
i i Temperature
i 8 : “
Male E 11 % .35
0 0.1 0.2 03 04 Ll" 0.6 0' 08 09 10 1.1 1.5

- m o 18

Figure 1 Clothing insulation questionnaire

ek sme
kg st

long sents.

This study employs Free Running (Fr) and Cooling (CL)
modes, where natural ventilation and cooling are commonly
accessible in most homes. Data will be categorized as follows:
if Ac was employed during the assessment period, it will be
labeled as Cooling Mode (CL). If occupants relied solely on
standing fans or did not utilize any cooling method, the data
will be classified as Free Running mode (FR).

2. Results and Discussion

2.1 Thermal Condition and Comfort Responses

Fig. 2 and Fig. 3 show the Indoor and outdoor temperature,
humidity, the outdoor temperature (Ta) ranged from 21°C to
36°C and for average indoor temperature (Ta) we see from
24°C to 32°C, about the same as average outdoor temperature.
In Figure. 3 show the average outdoor and indoor humidity,
which for outdoor humidity (Rh) ranged from 60% to 75%
and for indoor humidity ranged (Rh) from 35% to 63%.

(1) Participants’ bedroom thermal conditions

The researcher uses a bedroom for parameter research in
indoor thermal condition which is why the timing that was used
for this research is and as explained above. All data were
divided into 2 modes that are common in Semarang, Indonesia,
which is FR (Free running modes) and CL (Cooling modes)
(Table 4 and Table 5) show the average temperature for men

L, A
AAAKBEE AL

Temperature (°C

A
ASEAAEY

w anbﬁgabah
- lm®
2 *w Bk oy KX * AT S
X X owoxox
20 b KK X
13
0 2 4 6 g w 12 _14 16 18 20 22 24 326 28
Day

A Avg Outdoor temperature
Max Outdoor Temperature

O Avg Indoor temperature
#Min Outdoor Temperature

Figure 2 Indoor and outdoor temperature comparison
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Figure 4 Indoor and outdoor air temperature relations
is 28.4°C and women is 26.9°C which is lower, the same as its
humidity in 58.6% and 52.5% respectively that also lower for

women.
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Table 4 Average temperature during sleep period

_FR CL
Mode Mean Mean
n (oc) S.D. n (oc) S.D.
Men 8 284 2.0 19 25.8 1.7
Women 3 26.9 04 12 27.6 14

Table 5 Average humidity when sleep period

_FR CL
Mode Mean Mean
n (%) S.D. n (%) S.D.
Men 8 58.6 8.4 19 46.9 9.8
Women 3 52.5 2.5 12 499 9.8

Figs. 4 and 5 show the relationship between indoor and
outdoor temperature and humidity for each mode, which in
Fig4 we can see that the temperature has an inverse
relationship for each mode, while in Fig. 5 we see a
similarity between each mode, that outdoor temperature does
not have much effect on humidity inside.

Fig. 6 shows in FR modes indoor wind speed very much
and is affected by outdoor wind speed, and if we relate it with
Fig. 4 and Fig. 5 show that wind speed did affect temperature
but did not have much effect on humidity. Fig. 7 shows that in
both modes the participants use clothing between 0.2-0.5 clo.

(2) Thermal Acceptance

Thermal acceptance was evaluated by the questionnaire;
acceptable or unacceptable. Even if someone perceives a
certain thermal sensation, they may still accept the conditions if
it aligns with their expectations. This research data show that
almost all of participants accept the thermal condition in their
respective room, only one person in one day that said its
unacceptable.

(3) Sensation Vote (SV)

Fig. 7, Fig. 8, Fig. 9, Fig. 10 and Fig. 11 show thermal,
comfort, humidity, and wind sensation vote respectively. Fig. 7
and Fig. 11 show in both modes related linear which in this
case, majority of the vote already in SV scales 3 and 4 slightly
cool or windy and neutral. On the contrary, Fig. 9 and Fig. 10
show inverse relation in both modes but still in the range of SV
3-5 which is slightly worse and neutral.

2.2 Comfort temperature Estimation

(1) Regression Methods

Regression methods is used to determine the comfort
temperature, humidity and wind speed standard. Fig. 8 provides
us with the regression for temperature:

FRy=0.1561x-1.1741 and CLy =0.0773x + 1.7872
Moreover, based on the vote in Fig. 8, we can see the range of the vote
for FR mode is 2-4, and for CL mode is 3-5, if we use the regression
method it becomes FR mode 20.33 - 26.73 and CL mode 15.68 -
41.56.
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Comparison between each standard

Table 6 Comparison of comfort temperature with previous research.

Country | Reference Temp. for | Comfort
Tc (°C) temp, Tc (°C)

Indonesia | This study Tcf 26.7-33.1
(FR mode)

Indonesia | This study Tcl 15.7-28.6
(CL mode)

Indonesia | Old Comfort Standard | ¢ 21.5-255
[1]

Indonesia | Karyono, T.H. [3] PCT 24-29
ASHRAE Standard55| Tc 23.5-26
[4]

In order to clarify the differences in comfort temperatures
shown in Table 6, the comfort levels for each mode range of
SV scales 3 and 4 were considered here. In fact, the average data
in Tables 4 and 5 are closer to scale 3, which is slightly cooler,
more humid, and windier than the neutral state SV (4). This
result may indicate that the comfort temperature is getting hotter
each year. Whereas in Fig. 12 show comparison between
TSV and CSV which is inversely proportional with each
other, the hotter it is the more uncomfortable for the
participants. (TSV scale from cold to hot (1-7) and CSV scale
frrom very uncomfortable to very comfortable (1-6)).

Fig. 13 illustrates that the majority of the data falls within the
range of thermal comfort; it is noteworthy that approximately
76.1% data points already in the range of thermal comforts.

3. Conclusion

Thermal environmental survey was carried out to investigate
thermal environmental variables and thermal comfort
sensations of 14 participants aged 18-25 for three nights in
their residential buildings in Semarang region, Indonesia in
August2023.
1) For FR mode, the rise of outdoor temperature affects indoor
temperature to rise too, but has little effect on indoor humidity.
2) In CL mode, the higher the outdoor temperature, the lower
the indoor temperature tended to be, and in FR mode, the
higher the indoor temperature, the greater the clothing
insulation.
3) From regression methods, there is a significant change in
Indonesian comfort temperature, which is from 24°C - 29°C
(2015) t0 26.7 - 33.1°C in FR mode and 15.7 - 28.6°Cin CL mode
(2023).
4) The participants proved to be generally satisfied with the
thermal environment of their dwellings. This was due to the
fact that the humidity was not so high, it was less than 65%
though outdoor humidity was at around 70%.
5) From psychrometric chart, 76% data of this study were in the
range of comfort temperature determined by Karyono, T.H.[3].
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Relationship between thermal environment and fatigue recovery in summer sleep

- Comparison of air conditioning use and ventilation use -
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*1  Osaka City University

In recent years, tropical nights and deaths caused by heatstroke have increased in summer. Air conditioner use is

recommended during sleep, but there is no clear statement on how to use it. Results of earlier studies have indicated that

sleeping with windows open improves sleep quality. After measuring the temperature and humidity and conducting

questionnaire surveys about summer sleep, we compared sleeping practices with the windows open and with cooling all

night, particularly emphasizing fatigue recovery. Results show that, for fatigue recovery, it is better to sleep with windows

open when the outside temperatures are lower than 28°C, and to set the air conditioner to 29°C or 30°C when the outside

temperatures are higher than 28°C.
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Table 1 Definition of WO and AC
Definition

Thermal environment Applicable

adjustment acts during sleep | patterns

WO (N=198) | No-air conditioning, windows | x0O. x0Oa,

open (including temporary XOX, X AO,

use) X AN, X AX

AC (N=191) | Full-time air conditioning, Ox x

no-windows open, no—fans

Ox x
x Q x
A X X
X X X
Ox0O
x00
xQOA
AXxQO
AAX
AXA
OxA
AQ X%
X XA
x xQO
AAA
AQOA
X A X
AAQ
AQOO
OAXx
(o]e]e)
x AQ
Ox x
X AN
oAaO

Thermal environment adjustment patterns

0 5 10 15 20 25
Relative frequency (%)

Fig.3 Frequency distribution of thermal control use
patterns
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The Effects of Natural Ventilation and Indoor Greening on the Comfort and

Intellectual Productivity of Occupants
(Part 1) Consideration on Emvironmental Conditions and Psychological Evaluation
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In recent years, biophilic design which incorporates nature into the indoor environment has been attracting attention to

improve the comfort and productivity of occupants. Natural ventilation and indoor greening are representative examples

of their, and many studies have been conducted on their effects. However, there are not many studies that mention the

effects of the combination of multiple elements. This report presents an overview of the subject experiment conducted in

this study, measurement items, experimental room characteristics and psychological evaluation on comfort.
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FERZET% Table 11273, FEBRGMEIT45KEHY
A« ENRHMEEE L (Mechanical Ventilation, DL T
MV) T21 A, BEBHA - ERBMEA Y (Mechanical
Ventilation-green, LL T MV-g) T25 A, HARHA - =
Wik % L (Natural Ventiration, UL F NV) T24 A,
HARHLA - EWNA{EFA Y (Natural Ventiration-g, LLF
NV-g) T22 N&E/Sxvd Uiz, 1EOFEROSIAE
T2 A6 4 NERKR—Th oz, FEBROFEIGR &
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Table 1 Conditions of the experiment

. . The number of
Case Window state | Greening ..
participants
MV Close Absence 21
MV-g Close Presence 25
NV Open Absence 24
NV-g Open Presence 22
Table 2 Schedule of the experiment
N
— 10/8 10/9 10/10 10/11 10/12 10/13 [10/14
8:50~10: 20 Case MV-g | Case NV | Case NV-g | Case MV
104012 1 10 Case NV-g | CaseNV [ Case NV-g | Case NV
13 :20~14 : 50 Case NV-g
15 :20~16 : 50
10/15| 10/16 10/17 10/18 10/19 10/20  [10/21
8:150~10: 20 Case MV-g | Case MV | Case MV

10 : 40~12 : 10 Case MV | Case MV-g | Case MV-g
Case NV Case NV-g

13 :20~14 1 50
Close 151 20~16 * 50 Case NV-g
10/22 10/23 10/24 10/25 10/26 10/27  [10/28

8:50~10: 20 Case MV Case MV-g | Case MV

@ Point of wind velocity measurement @ Pt of noise meas.
@ Pt of PMV meas.

@ Greening

QO Pt of illuminance meas.
o Pt. of CO, Concentration,
Temperature and humidity meas.

Fig. 1 The plan of the experimental room

101 40-12 ¢ 10 Case MV | Case MV-g
13:20-14 50 Case NV Case NV
1,850mm J 15 1 20~16 : 50
10/29]  10/30 10/31 11/1 11/2
8 50~10 1 20 Case MV-g
10 :40-12: 10 Case MV | Case MV-g
13120-14 ¢ 50 Case NV
151 20~16 ¢ 50
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Fig. 3 E[;eriment
with greening

Fig. 2 Experiment
without greening
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OEREEAMIE B % Table 4 [ Zo~d,  HARMAR & SN
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12, IR RSRURES B ARSI B L 7= H 7217 C72
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SRR, ETENRMEORE DI X HEBRENOH]
G NERICKIT 2B R E A L, /S iRiESR
BB, HEAERH 25 EHA ? 28 L,

2. MERERERER
Fig.5 &40 PMV, BEH L-~UL, BE CO, I
FEL IR, AHHEE K OVEGE ORRRFE (LA 1 43 X E
TR, Figs (i) (273 PMV X Qm@w@ﬁbh
TWRWEIEMV, §:0F MV-g TIXHIZ EAEmIC
D, BARBKOITOIL TV D RNV, x@NVgi
BEIN/ NI oz, BRHSIC L AR GEOA®EIZ
DENEENT-EEZBNS, Figs (i) Cmﬁ‘%ﬂza
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Period of Tasks (A : d2 test, B : Productivity test, C : Group work)

Rest time - Questionnaire
Rest time -Task A. Task B . Task C .
30 min. 6 mir., 10 min.” < 15 min. >

N N

N\ 4

90 min.

Fig. 4 Timetable of the experiment
Table 3 Measurement items of physical emvironments

Contents Device

CO2 Concentration, T&D Co.TR-76Ui

Temperature humidity
Illiminance Co.,TR-74Ui
. . KANOMAX JAPAN Inc.,Climomaster anemometer MODEL6501series,
Air velocity

Anemomaster anemometer SYSTEM6244,Air Flow Transducer Model6333

Noise RionCo.,L-52

PMV

Kyoto Electronics Manufacturing Co.,Am-101

Table 4 Contents of questionnaire

Questionnaire No.

Contents of Questionnaire scale — —
OlO|®|®
Brightness of the whole room Tpts. Bright~Dark O
Thermal Tpis. Cold~Hot o
Sensitivity Dryness of the air Tpts. Humid~Dry [¢)
Freshness of the air Tpts. Fresh~Stuffy o
Sound Tpts. Noisy~Quiet [e]
B Current of the air pts. Sensitive~Insensitve | O
3__7 Degree of Direct sunlight pts. Sensitive~Insensitive [e)
s sensitivity Brightness of the nature sunlight dpts. Sensitive~Insensitive [e]
g Odor 4pts. Sensitive~ Insensitive [¢)
E Odor Tpts. Comfortable~Discomfortable| O
g Current of the air Tpts. Comfortable~Discomfortable| O
3 Brightness 7pts. | Comfortable~Discomfortable| O
El Comfort
£ Sound Tpts. Comfortable~Discomfortable| O
H Thermal comfoet Tpts. | Comfortable~Discomfortable| O
E Overall comfortableness Tpts. Comfortable~Discomfortable| O
= Brightness Tpts. Satisfied~Unsatisfied | O
Thermal environment Tpts. Satisfied~Unsatisfied o)
Air quality Tpts. Satisfied~Unsatisfied | O
Current of the air Tpts. Satisfied~Unsatisfied | O
Sound Tpts. Satisfied~Unsatisfied | O
Overall comfortableness Tpts. Satisfied~Unsatisfied | O
Liveliness Tpts. Lively~Inert [¢)
Esthetics Tpts. Refined~Unrefined [e]
Surroundings Openness Tpis. Opened~Closed [¢)
Familinarity Tpts. Familiar~Unfamiliar [e)
Calmness Tpis. Calmed~Uncalmed o
& Overall satisfaction of scenery Tpts. Satisfied~Unsatisfied [e]
g Overall satisfaction of impressions Tpts. Satisfied~Unsatisfied | O
£ About current of the air Free writing le)
= About sound Free writing o
2| Thoughs ‘About brightness Free writing [®)
g ‘About odor Free writing [®)
E About scenery Free writing [e)
Amount of plant 10pts. Nogreening~Numerous | O
Plant desirability 10pts. Undesirable~Desirable | O
Indoor greening Feeling Nature 10pts. Sensitive~Insensitive [e]
Natural Factors
(ThermalHumidity,Sound, 10pts. Sensitive~TInsensitive [e]
Current of the air,vision,odorBright ness)
Degree of fatigue Tpts. Not tired at all~Very tired | O
i,=!>; Curent sate Degree of relaxation Tpts. Relaxed~Stressed [¢)
e S:li’-e’i‘t‘l‘; Subjective checkup Spis. Applicable~Not applicable | O | O | O | O
Easiness of relaxation Tpts. Relaxed~Stressed o|0]|0O
Easiness of tasks| Easiness of tasks Tpis. Easy~Difficult Oo|O|O
Concentration on the tasks Tpts. Easy~Difficult o|lO|0O
Imagination Spts. Applicable~Not applicable [¢)
Idea Spts. Applicable~Not applicable (@]
= Amount of speech Spts. Applicable~Not applicable [¢)
g Conversations with other participants Spts. Applicable~Not applicable O
Mood Cooperation with other participants Spts. Applicable~Not applicable [¢)
Lively discussions Spts. Applicable~Not applicable [¢)
Easeiness of taking Sps. Applicable~Not applicable [¢)
Active participation Spts. Applicable~Not applicable [¢)
Obstacles due to participation of spt. Applcable~Not applicable °
acquaintances.
2 Z
i z Tasks 4pis. Acceptable~Unacceptable o|O|O
Usability of the work Tpts. Important~Unimportant O[O0 |0
Impression of the room Tpts. Important~Unimportant O|0|O
Amount of plant Tpts. Important~Unimportant O[O0 |0
Plant desirability Tpts. Important~Unimportant O|0|O
g Feeling nature Tpts. Important~Unimportant O|O0|O
S; Brightness Tpts. Important~Unimportant O|O0|O
E Sound Tpts. Important~Unimportant O|0|0O
Thermal environment Tpts. Important~Unimportant O|O0|O
Fresh air Tpts. Important~Unimportant O|0|0O
Current of the air Tpts. Important~Unimportant O|O0|O
Odor Tpts. Tmportant~Unimportant oflO|0O
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Fig.7 Psychological evaluation results with differences in natural ventilation

Numerous Sensm;/g Interaction ok Interaction Interaction *
10 Very effect Very effect Very effect
9 9 noisy comfortable T satisfied ]
17 8
5 7 _A Noisy Comfortable - % Satisfied 7
. *
* Slightly Slightly :|*:|* Slightly :IA
6 60/— * %% noisy comfortable S satisfied ©
> LRI ; %6 |54
4 *[x [% % 4 x1° 1212 Natural Natural Natural
O .
3 olalola 3 « |0 Slightly * * i ) Slightly Slightly
) 2 3 quite :I é § édlscomfonable unsatisfied
! ! Quite Discomfortable Unsatisfied
0 - 0
Nogreenin; I iti i ; Ve Very Very
g g (@) Amount of nsensitive (p) Feeling nature qui?e, — discomfortable unsatisfied ] -
Sensitive plant Sensitive (a) Sensitivity of (b) Comfort of (c) Satisfaction of
0. 10 sound sound sound

|

DO¥ %%
DD¥%¥%

1O

—A 3

—_ N W kR LN 0O

0O %%%
Ob¥%%

EoNRS =Y

T\ A

| I—

oD%

ob¥

0O%%

0
Insensitive Insensitive (d) Natural factor
(c) Natural factor (Vision) (Brightness)

Fig.8 Psychological evaluation results
with differences in greening

3.3 BEABMREENRIELOXEERALALNI-IHB
Fig.9 [ZHFHRE DR F. HARBR L BNFHMEO R A
YER B B VT-HE 277, Fig5(il) CTld B ARHE D
RNV & et NV-g Tl & VAwﬁL#ofwékL«
72Dy, Fig9 (a) 545 &5 MV-g 35NV & &4
NV-g & RBREOFRE L > C5, £7-. Fig.9 (b)
(¢) ZBRDE, KM MV-g IZBWTHEREDOM « AR
LIRENE BIETLTWAZ RN bnd, 2D &
Mo, BRNFMUIZARRR EEE SETICHWD &, &
BREEOPEMENME T D ATREMES /R S N7, T, =
WHED 8 D = & T, TEEE D/ NS IoBEE 72 ST Bk
R 72> T LEW, Puithi 87215 &9 e
BEIND,

Fig.9 Psychological evaluation results with interaction

between natural ventilation and greening

BEhHYIZ

H SRS & BN A& [RIIRE IO T2 BROOTEZE 2 O PR

PE L AVEPEME~ DB R 5 Z L 2 AL L, K

PRCI T IR N OB B T 5
77, BARMRICX Y . < OBREEEER]

DEERPAAS R L
R BIET R

REMEDVRIZ ST, |RMIC KIEEZ T HE 5 £ <
DOBAKREBEL DA R E NIz, BNFIEO A%
72Tl FEREOPEMZICT S8 5 /R RS
7o LU, BERREHEE L THWD Z & CHuEEtEn
HEFFS D FTREME b /R SN, RIS T, 1EERER L 1E
FEVEICRET 2 OB ORE R A2 R T, 2Rds. AWFTEITR
PR LA e m B R B 2 O 215 CFEME L=,
— i —

AWFTRIL. MRS IR L DILFEIIZECH YD | BURE S
MACHEZRLET,
—SE Ik —
1) KEF 5 - AARBAIGO RCELSEE BRI FIZE T 5

JEODHICES T 2898 (20 3)  BREEODEW ﬁﬁémﬁ H
BEEEAORRRT , N S AR (55 53 ) ZeRGHF - BE TR A TS
SCEREEANTIF ST 2 RS ,2023,3

2 ATESE e TS e At TR L D

~ OUETIEZE 2002, 5BOFES: | pp. 295-298, 2002



Je R - RE T2 S
A-81 SRR R T (2024, 3.8)

BABSERUVERFIEAEEEDOREN - MUEEEICRITTEZE
(£D 2) MPAEEMEICET DiRET

The Effects of Natural Ventilation and Indoor Greening on the Comfort and
Intellectual Productivity of Occupants
(Part 2) Consideration on Intellectual Productivity

O R (RBRKF) W @k (RIRy) & v GRFERT)
g B (KRBR%) Ak Js (RBRKRY)  Bf & CRMHD)  S% Mgk CRIKT)
Natsumi SO Toshio YAMANAKA™ Narae CHOI" Haruna YAMASAWA™
Tomohiro KOBAYASHI"'  Hitoshi NAGATSUGU”  Kouga IRUYA™

"' Osaka University  Toyo University ~ Obayashi Corporation

Natural ventilation in an office space can have an effect not only on ventilation but also on the psychology and intellectual
productivity of the occupants. Opening a window generates air currents, allows people to hear outside sounds, smells, and
look at the outside scenery. By creating a connection to the outside, it is stimulating for the occupants. On the other hand,
even without natural ventilation, indoor greening can make occupants feel nature. Therefore, this study examined the

effects of combining natural ventilation and indoor greening on psychological evaluation and intellectual productivity.
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Basic Study on Olfactry Adaptation and Recovery Process to Perceived Air Pollutants
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Body odor, the major indoor odor, is the reference value for calculating the required ventilation in a room. However, the

olfactory response of body odor changes over time due to the phenomenon of olfactory adaptation, in which the sense of

smell becomes weaker after prolonged sniffing of an odor. In this study, we conducted an experiment using carbon dioxide

concentration conditions to investigate the characteristics of the adaptation and recovery process of the sense of smell in

body odor. As a result, the olfactory adaptation characteristics could be classified into several types depending on the panel

and carbon dioxide concentration conditions.
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Table 1 Date of experiment and participating panels

Middle concentration case

High concentration case

Date Time Panel o) venconivation  per person Date Time Panel o) toneination  per person
2023/11/24 10:40 ~12:30 1,2 2676.6 ppm 6.65 m*/h 2023/12/5 14:30 ~16:20 6,11 5364.4 ppm 3.43 mh
15:30 ~17:10 34 3031.1 ppm 6.53 m*h 2023/12/6 10:45 ~12:40 5,7 4893.4 ppm 3.42 m’/h

2023/12/12 10:15 ~12:00 5,6 2704.0 ppm 7.15 m*h 2023/12/8 10:45 ~12:35 1,10 4717.8 ppm 3.42 m*h
2023/12/14 10:10 ~12:00 7,8 2704.4 ppm 7.08 m’/h 2023/12/14 14:45 ~16:40 4,9 5259.3 ppm 3.58 m’/h
2023/12/19 10:40 ~12:20 9,10 2685.1 ppm 6.62 m*h 2023/12/15 10:45 ~12:35 3,8 4906.5 ppm 3.58 m*h
14:40 ~16:40 11,12 3023.5 ppm 6.67 m’/h 2023/12/18 14:15 ~16:05 2,12 4996.5 ppm 3.60 m’/h

[1]Intensity [2]Pleasantness [3]Acceptability

Occupants enter the chamber
Break Time : 3min
Increase
COoroneentration] Q|| @ @@ |®||®©[]D \

"""" — 100min

Assessment : every 30 seconds I :

0 10min
Recovery Time : D5s @10s @15s @20s &30s ©60s @90s ‘

- 5 Overpowering odor

- 4 Strong odor

- 3 Slightly strong odor

I 2 Easily perceptible odor

- 1 Weak odor

~ 0 No odor

3 Very pleasant
P 1 Clearly acceptable
2 Pleasant :I:

1 Slightly pleasant
0 Just acceptable

0 Neutral

-1 Slightly unpleasant 0 Just not accptable

-2 Unpleasant

-1Clearly not Acceptable

-3 Very unpleasant

Fig.4 Experimental time schedule
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Fig.6 Odor intensity for Middle concentration case and High concentration case
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In this study, we conducted an experiment using linoleum flooring to investigate the charactristics of the adaptation

and recovery process of the sense of smell in linoleum. Linoleum is made of natural materials and is a material that

meets society's needs. As a result, the influence of building material odors cannot be ignored in the design of indoor

environments, because the olfactory characteristics of humans differ depending on the odor. In the future, we intend to

study the effects of different air supply volumes in order to obtain more accurate olfactory characteristics of the sense of

semell in linoleum.
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Fig.3 Experiment time schedule Fig.4 Subjective evaluation items
Table 1 Date of experiment , paticipating panel and flow rate
Date Time Panel Flow rate Date Time Panel Flow rate
14:00~15:40 3,10 20.1 m’/h 11:00~12:40 11,12 20.0 m*/h
2024/1/17 15:40~17:20 6,8 20.1 m/h 2024/1/18 13:00~14:40 4,7 20.1 m3/h
17:20~19:00 1,5 20.1 m*h 14:40~16:20 2,9 20.1 m*h
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Fig.5 Variation of odor intensity for linoleum and body odor(High concentration case)
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Fig.7 Average of odor intensity for linoleum
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A Study on Pedestrian Flow Characteristics by Time-Series Data Analysis

for Urban Thermal Environment Planning

ORI K H (#h A K52)

Taichi HAYAKAWA*1

rodk s B (ME R

Hideki TAKEBAYASHI* 1

*1 Kobe University

In this study, we analyzed pedestrian flow dataat 116 locations in Kobe's Sannomiya district, provided by Kobe city, with

the intention of utilizing it for urban thermal environment planning and infrastructure planning. Based on the time-series

data analysis, the characteristics of pedestrian flows at each location were categorized into four clusters, then the

measurement pointsin Sannomiya district were classified into three zones. Auseful analysis method for multi-siteand multi-

time data sets for urban thermal environment planning and infrastructure planning was presented.
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Fig.1 Infrared sensor mounting position
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Fig.2 Cluster classification results at measurement point 54
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Fig.3 Location of measurement point 54

Table.1 Composition of clusters at measurement point 54

kluster | weekday | holiday total

number (days) (days) (days)
1 239 96 335
2 0 12 12
3 5 5
4 2 2 4
5 0 1 1
6 3 0 3

ZESERAN - AR il S
FTIZE R R RS (2024.3.8)

Fig.5 Location of measurement point 40

Table.2 Composition of clusters at measurement point 40

kluster | weekday | holiday total
number (days) (days) (days)
1 144 0 144
2 0 71 71
3 77 13 90
4 3 16 19
5 4 14 18
6 2 0 2
7 10 5 15
8 5 0 5

Fig.7 Location of measurement point 23
Table.3 Composition of clusters at measurement point 23

kluster | weekday | holiday total
number | (days) (days) (days)
1 55 42 97
2 167 29 196
3 20 39 59
4 1 4 5
5 0 5 5
6 2 0 2
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[ | ithout distinction by [ B n: W : Mixed clusters

Fig.9 Measurement points that were not classified (blue bar)

Fig.10 Measurement points classified by weekdays and
holidays (black and blue bar)

Fig.11 Measurement points classified by weekdays, hohdays
and others (black, blue, and red bar)

Fig.12 Daily average pedestrian flow at each measurement
point
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holiday, yellow: weekday, holiday, and others)
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