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Analysis of Heat Stress Mitigation Effect of Fan-equipped Clothing on Human Body

OBl i CRERANLKR) HHOBE (RRAEKXE)
ATt~ (RBRANKREE) RE EA CRBRANLKREE)
Yuki SHIRAKAWA*1  Atsumasa YOSHIDA*2  Shinichi KINOSHITA*1 Kunihito TOBITA*1
*1 Osaka Metropolitan University *2 Waseda University.

This study investigates the physiological and psychological effects of fan-equipped clothing on human heat stress
mitigation. Experiments were conducted at 33°C and 38°C with varying humidity levels. Results show that fan clothing
effectively suppresses core temperature rise by promoting sweat evaporation; at 33°C. As the relative humidity increased,
the cooling effect of the airflow inside the fan-equipped clothing was clearly observed, and this effect was even more
pronounced when a cooling vest was used in combination. At 38°C, combining fan clothing with a cooling vest significantly

improved cooling. Furthermore, fan clothing enhances thermal comfort, especially in high-humidity environments. Findings

confirm that fan-equipped clothing reduces thermal strain by facilitating internal ventilation and evaporation.
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Fig.1 Experimental protocol
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Fig.3 Temperature distribution in cloth layer of four type clothing
at 38°Cand relative humidity of 30%
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Fig.4 Absolute humidity distribution in cloth layer of four type
clothing at 38°C and relative humidity of 30%
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Fig.7 Correlation between cumulative sweat rate and core

temperature at relative humidity of 30, 50 and 70%
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Fig.8 Temperature distribution in cloth layer of three type
clothing at relative humidity of 70%
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Fig.9 Absolute humidity distribution in cloth layer of three type
clothing at relative humidity of 70%
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Fig.10 Temperature distribution in cloth layer of fan equipped
garment with cooling vest at relative humidity of 30, 50 and 70%
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Fig.11 Absolute humidity distribution in cloth layer of fan equipped
garment with cooling vest at relative humidity of 30, 50 and 70%

TIFARN A
ZDIEHI i?ﬁﬂjéi}’bé k§§< TR X

Absolute humidity difference [g/kg]

0

REMENRE S, BHINRR F&HFH LT
{mOM&T HIH Y,
n5.

B 12, 13 (22BN & GEEIRE 3 K OB R &
F%ﬁﬁ@%%%ﬁﬁ‘m#ﬂ%@@wk3@ﬁ@@ﬁﬁ
(35 43-165 47) OIRAIE E5H-,  Ped - () |
IR B (Bl 239 EBIRFOUMIRE DL ﬂ:&/\
BRI OB PBR OB, BRSO & [F]
FRICRD BTz, FERHBE OIS, 25 BBV,
B AP I TH o o FEHBE NS L 72D &
ZERARE, S DITHEINRA FERIC L 0 DB
BEINAMHAICH ST

4. 5

(1) FZREEEE X 0 AROERBEIRE 33°C CIXRBESIT=RO
I & SRICERIRE O ER Ll S s, REIR
E XD EOERBHEE 38 CTILIERED LANR
FERITICRAFE T B EIN 2 h OB X DRFE
A GEHEFT) ORPRE L RSN

Q) AHBENEL R DIEE, 77 AT E KIRE ST
L7258 DRARNEIRNS K DI HD RS e 8
B4, WENRA N OPFHRFZIEZ ORISR LB
\ZRNT

() 77 UAFELNIRAOIE, WENSTT DL, #
HRZA OB L > TRIBRNSWEMET L, 24
TS BREMN AR AT D BRBEIT TS < 7= O IR ER B
AR T S DR

e e

FIRIFIER R 2RO (2026.3.4)
Hu n’ud ity 38/ Hur;nd\ty 5(')%
Q Wthcull eq pp d garment @ Without fan equipped garment
) rate A Airflow rate 48Lis
87 (} c oling ve: « Cooling vest
® Hurmidity 70%
= Without fan equipped garment
&) 2 - Air flow rate 48L/s -
g Cooling vest
= D, D
= A
© E.OD D,
%) Eg . Do CET @
D A E
o E, E
)| R = 79 T CETE TV __
©
S
—_
o
e
I—_2 | i
L | L L L L |

Core temperature rise [°C]

Fig.12 Correlation between thermal sensation and core temperature

change at relative humidity of 30, 50 and 79°C at air temperature of

33°C
T T
S
D
c A De
2
S Ea D TTTTTTETTTTTTTTTT ]
% Humidity 30% % F(})E A
| (Humidity 30%
u— @ Without fan equipped garment Ee Eb Ec,D
e A Airflow rate 48L/s E
Q-1 |- | < cooling vest E D, -
o Humidity 50% Fe
— Without fan equipped garment
g r Air flow rate 48L/s b
Cooling vest
L1 >
@-2 |- | Humiiy 70% —
< Without fan equipped garment
s Air flow rate 48L/s
Cooling vest
_3 L L L L | L L L L |

Core temperature rise [°C]

Fig.13 Correlation between thermal comfort and core temperature
change at relative humidity of 30, 50 and 70°C at air temperature of
33°C

(4) SEBRFOEEVRE O & SEIRARE (BB &
UEPEERE (PR & ORIZIZERVVHBEIN R 5
nic.

& EZ X #

1) R, BVPREDFSAE AR & BRERIRE, AAERG MRS,
41(1) (2004) :51/54.

2) FFHHH, HAIZIBI DB PRE T RIIISE,
a5, 52(2) (2015) :97/104.

NEWHIED, FEGRE BT 57—V ARy ORGSR
B | U AMEBZh R BT DI, BREEE R AT
ZEEACAE, (2021) 35:125/130.

4) ISR S, AN TEIEEE CORBEEN 7 7 A X VR A
B LRGN E OA - DB RIT T8, AAR
FEDERBTRIROCEE,  (2018), 83(748) :545/553

¥

AAERG M



GRS - i LT

A-46 SRR R DT CE (2026, 3.4)

HEMNGERBRELSRATIINT 2AEELEDOFHE £ OBRK

Relationship between daily heat exposure and seasonal differences in physiological responses to
heat stress
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This study investigated the relationship between daily heat exposure and seasonal acclimatization. Ambient temperature
around three healthy men was continuously monitored, and repeated exercise-heat tests were conducted at 35°C and 50%RH
across multiple periods. Rectal temperature elevation showed no consistent seasonal change, whereas sweat rate increased
in the acclimatized period and decreased after the decay phase. Subject B showed unclear seasonal differences despite high

heat exposure and regular exercise, suggesting year-round maintenance of heat tolerance. These results indicate that both

exposure level and individual traits should be considered when evaluating seasonal acclimatization.

1. [ZL&®HIZ

AR, FHEREE T COBHEIIRERERE T O
MG ENTEY, AR EEREE 2> TV D
D, NI, ERBRBE~OIRGR-CIEE) 2 — i ke
T5HZ LT, RIREE O 5 &N L, [F S
ARCHERIE LA RN EOEIGERT. Z
OEJGITEBEL E LTHLRTWD Y. £, FH
DZIREA L - TR ES S D MHMEIL
NEfb & BRI 2, B E ClaEfbzED T 2 &
DEHIEXIR & L CHESE SN TS D L LERED
ETETIE, BWSNOBE), WmEMH, 8RR EAE
NI E o THR D728, BHFATE CEBRICRBRT 5%
BURFTE O BEIIRNEZ XD oL BEEROHEMNEZ
DEBBRTE WD S8, FHINL O Z 558 5 w6
PEBIER SN TWA D, ZD=w, EEiOEITOHRT
FHINAL ORI ZHAT 52 L IFH LS, @A D
& DBEBIGEE OBIENFHIAOE SN EZBE L T
WD RIREED B 5.

— 5 C, FHIALZ BT 5= DICAFAETED
FREE DB BNETZ N MBI DG, FEEEOURGE & ORE
b & ABISEOEFH L& F—x%5EH TS T
R UTZE I TldZevy, BAPE TR 08 T,
MERE(EZ L TR &V ) — etz L & F
5%, HEAEIGOH CEITARERIRHZE &O B L & 2R
THZENRLEFE LW, EHOE [ BB, ATEEE
OEREHE & W BrE F25R 2 I, EEEE O TR
EA~DHESOBN TN R D Z &, BLU28°ClL E
(2 240 43LL EREFE S5 H(Dover) | DSEE D ZEHIA
LR - MERFICBI G- LSS Z L 2R LT

Z 2 CARZETIL, BEATERICE T 2 E FEEE % ik

FRICHE L CEREWRERL ERL L, BENDLASE
WZNT T B BVA T 2R T DL DR IRIR, RS,
G, BITEe EONELBEESITHZ 8T, F
HNE L O MEAFIZ B & 72 DR D B & OHEE & 7
Tz

2. HEREDRABERERE

2.1 BlEAE

JE PR ORI X R RUR EE = 4 — (RTR-53, #£
A2t T&D) 2V, BERBIFH —IAX T,
HEREE1320.3°C (WX /fl) Thotz. BREa Y
— BB DIEE E 72130 S U AMANT H R L, B
WAETE RIS BRE DN ERPRICIRTRE SN D IRERE & 8
PRIRLEE & U CRidk L7z, ARBEEIE B 5 X 0o i@ a
EITH-> TN, BENC X DB OB L % 1)
5. B, BSITEIHWE Y EFE O @R EE
BAbT D Z LI X DR D LG AT D, JIE
WRIZS A2 B5 12 H 1S HTH S, HIERMEIX
5r& L7,

5 DB E T BRE O B IR & LW, 7T
EIREL BB SN E T P L CRERS
BAEA U, PR - SRR R O BREE D & RS RE
Mg 2HEEE L L CTHWD . BRE I XEERE 2 N B4 3
e L (31, HBRE A, CITITEETE LR, W
B B 2 (51, 1 [H&H 7205 3 B oOEEEE 2 F
LTV,



A-46
Table 1 Subjects’ data
Subject | Height[cm] | Weight[kg] | Age[y.o.] | BMI[kg/m?]
A 169 56.1 23 19.6
B 169 65.1 24 22.8
C 180 83.6 23 25.8
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Table. 2 Experiment timetable

Phase Time [min] Activity Environment
1 30 Sitting
35[°C]
2 30 Exercise
50 [%RH]
3 15 Sitting
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Effects of Drinking Water on Heat Stress Mitigation in Hot Environments

OiF K 1 A CRBURFIZRE) 5 MO E (RAHKY)
e H YNEON TN S AT e — (RIRASLKRE)

Asuka SHIMIZU*1 Atsumasa YOSHIDA*2  Shinichi KINOSHITA*3 Kunihito TOBITA*3

*1 Osaka Prefecture University *2 Waseda University *3 Osaka Metropolitan University
This study investigated the effects of fluid ingestion on thermoregulatory responses under hot and humid conditions
through human subject experiments. Two mechanisms were examined: internal cooling by cold water ingestion and plasma
volume maintenance by hypotonic fluid intake. Core temperature, skin blood flow, heart rate, and sweating responses were
measured during rest and exercise. Large-volume cold water intake reduced body core temperature at exercise onset and

delayed thermoregulatory responses, whereas hypotonic fluid suppressed the rise in core temperature during prolonged

exercise, which could lead to dehydration. Furthermore, a simplified heat balance equation using an efficiency coefficient

was introduced to quantify cooling effects and to highlight limitations of existing thermoregulatory models.
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Table 1 Calculated a values from present study
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Prevention in Highly Insulated and Airtight Houses in Okinawa

(Part 1) Analysis of Temperature, Humidity, and Power Consumption in Highly Insulated and
Airtight Wooden Houses
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*1  Kyoto University
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*2  Hiroshima Institute of Technology

In hot and humid regions, significant temperature differences between indoors and outdoors due to the use of air

conditioning lead to summer condensation and associated mold occurrence, the need for humidity control measures is

increasing. In this study, temperature and humidity surveys, along with measurements of air conditioner power consumption,

were conducted in a detached house in Okinawa. The house utilizes an air-conditioning system that distributes conditioned

air from air-conditioning rooms throughout the entire building. This equipment creates a mold-free environment in the living

spaces, but it was confirmed that the air-conditioning rooms and the underfloor area exhibit high humidity.
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Table2. Mold index evaluation
Mold index Mold growth risk
Less than 2 None
4 Low
| : ~—| Washitsu |._ 20 P
s oz M T resent
T AN 50 High
= N EEN
‘ ‘ ’ More than 100 Extremely high
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Fig.2 The duct routing of the target house (schematic)
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Tablel.  The air-conditioning operating period and set temperature

Operation period
Mid-May to November 26.5°C
Continuous operation
Mid-May to November 24°C

Continuous operation

Set temperature

Main AC room
- cooling mode
Sub AC room

- cooling mode
Main AC room
- heating mode
Sub AC room

- heating mode

December to February 23°C

Operated for several days

Rarely used
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absolute humidity over one year
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Table3. Average mold index over one year

Living Main AC  [Sub AC Under the
Outdoor
room room room floor
Spring 63.00 0.05 0.81 1.32
Rainy season 102.86 0.48 9.39 57.40 111.43
Summer 96.26 0.04 2.70 65.93 113.50
Autumn 82.00 0.07 4.37 71.65 105.65
Winter 19.15 0.00 0.00 0.01
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Fig4  Variation in measured temperature, relative humidity, and

absolute humidity during summer
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Fig.5 Variation of mold index during summer

Table4. Average mold index during summer

Living Main AC |Sub AC (Under [Main AC

Outdoor .
room room room the floor |[supplyair
8/10-8/14 127.21 0.00 1.74 82.13 124.80 23.40
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Comparison of Physiological and Psychological Responses to Different Indoor Temperature
and Humidity Conditions across Attributes (Part 3) Investigation of a Sweating and Shivering

Threshold Model Based on Human Subject Experiments
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Ryoga MIYAMOTO*1 Myonghyang LEE*1 Takuya FURUHASHI*2 Satoko BABA*2 Sho MACHIDA*2

Ritsumeikan University*1 Mitsubishi Electric Corporation*2

This study aims to clarify the acceptable thresholds of spatial temperature and humidity for Indonesian subjects through
human subject experiments. Physiological responses related to sweating and blood flow, as well as psychological responses
such as thermal sensation, sweating perception, and shivering perception, were compared between Japanese and Indonesian
subjects to identify their thermal response characteristics. Furthermore, the sweating control and vasoconstriction
coefficients in a human thermoregulation model were adjusted to evaluate the reproducibility of the experiments and the

accuracy of the model.
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Figure3 Experimental Procedure
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REZE/PNEDEZFREIREZD CFD 4T
CFD Analysis on Thermal Environment in Wooden Small Theater in Winter Season

O&EMMIE CRELTRF)
Shinji YOSHIDA"

* Nara Women’s University

In this paper, we examined the effects of the heat generations from audience on the thermal environment around their
seats in a wooden theater in the inland of Hiroshima in the winter season. Through the examinations, the following
knowledges are obtained: (1) The buoyancy force by the heat generations from the audience causes the cold airflow from
the stage to the audience seats. (2) In the present analysis, the thermal environment in the audience seats on 1st floor is

relatively improved in the case that the density of the audience size is middle.
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Table 1  Outline of Okinaza *#2
Site Fuchuu City, Building 418m?
Hiroshima Area
Structure Two-storied Total Floor 611.63m?
Wooden Building Area
Ridge 25.22m 18t Floor 416.63m
Direction Area
Bean 18.63m 2" Floor 195.19m
Direction Area

Fig. 5 Bird-eye view of Computational Domain

Table 2 Computational Cases

== Case | Number | Population Density | Heat Release
- I of per Total Floor Area | Amount per Space
T Guests [Persons/m?] Volume for Guests
(L dnmnm } ] [W/m?]
T T T T H‘\ HIJH N N B | 1 100 0.4 58
! ?H{} 2 | 200 08 116
(2) Plan of 2™ Floor. 3 400 1.6 232
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(3) Section with Ridge D|rect|on
Fig. 4 Plans and Section of Okinaza.
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KIEEE/ N & X — REIZE T BRERIE S R T AIZ & BBIENRORT
Verification of Desalination Effectiveness Using a Dehumidification and

Desalination System in Aquarium Backstage Areas

E = B OAM % (7T THIE) E = A & W (T
E = B AtE gEfRe (P TEE) E 2= B et (TR TEIE)
E 2 B BAMERER (W TE)

Chiaki IMAOKA*'  Hideaki TANI*!  Tatsunori MAEDA*!
Takuya HARASE*!  Kaori NOMURA*!

*1 Takenaka Corporation

Aquarium facility backyards often present harsh working conditions for staff due to moisture, salt content, and odors.
Therefore, this project introduced a dehumidification and desalination system to improve the working environment in
aquarium backyards. Measurements of airborne ion concentration and drain water revealed that the dehumidifier captures
salt-forming ions from the tanks and biologically derived ammonium ions. The ion capture efficiency was found to be higher
when the intake air contained more ions. Furthermore, survey results indicated that the dehumidification and desalination
system contributed to improving the working environment for staff.
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(£d 2) CFD f#4TIC & S 8IS DB HER A EDRE
Improvement Methods of Air Quality for Infections Disease Control in Autopsy Rooms
(Part2) CFD Simulation of Local Ventilation around Dissection Table

O #k J B m (@EHFKRF)

fig I B 1l (BT R IIERT)
Tatsuya HASEGAWA *1

Yoshihisa MOMOT*1
*1 University of Fukui

A E B @EHRT)

Kunihiro INAI *2

*2 Nagoya Institute of Technology

The purpose of this study is to examine ventilation design standards for local ventilation in autopsy rooms, which often

do not have sufficient ventilation performance compared to operating rooms. In this report, CFD simulation to generate

gaseous and particle pollutants was conducted in autopsy rooms. By comparing the simulation results of gaseous and

particulate pollutants, the behavior of particulate pollutants was discussed. CFD results of an investigation into the effect of

various ventilation design parameters for the local ventilation in autopsy rooms on the exposure concentration of infectious

particles for dissection workers were reported.
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Fig.2 Calculation domain of CFD simulation
Table 1 Calculation condition

CFD code STREAM V2024.2
Turbulence model Standard k-g
Algorithm SIMPLEC
Differential scheme for
) QUICK
convention term
Meshes 650000
Convergence 107°
3 900 1800 2700
Flow rate Qe [m/h]
Qs [m%/h] 450 900 1350

Particle generation

10000 (C1:5000, C2:5000 )

Particle diameter

0.1, 1.0, 10 ym

Particle density

998.2 kg/m?>

Particle tracking time

Interval: 0.1s

Calculation time: 120s

2SS TR ¢ AR LA S S
EANIFIE R FE SR SCEE (2026. 3. 4)
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Fig.3 Location of pollutant generation
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% >
W Design Parameters
! i @ Width of supply opening

@
H @ Displacement of supply opening

@ Distance between supply and exhaust
@ Exhaust face width including flange
® Width of exhaust opening

® Displacement of exhaust opening

@ Location of exhaust opening

Design Parameters

e leloleloele ®

-
N
o
w
S

1.90| 1.52( 0.03 | 0.19
1.90| 1.52( 0.03 | 0.38

1 0.30 0| 1.90| 0.76 [ 0.03 0
2 0.15 0| 1.90| 0.76 | 0.03 0
3 0.10 0| 1.90| 0.76 | 0.03 0
4 0.30| 0.19| 1.90 | 0.76 | 0.03 0
5 0.30| 0.38| 1.90 | 0.76 | 0.03 0
6 0.30 0| 1.55| 0.76 | 0.03 0
7 0.30 0| 1.20| 0.76 | 0.03 0 | Edge of dissection table
8 0.30 0| 1.90| 1.14 | 0.03 0
9 0.30 0| 1.90| 1.52 | 0.03 0
10 | 0.30 0| 1.90| 1.52 0.15 0
11 | 0.30 0| 1.90| 1.52 | 0.30 0

0

0

N
w
o
w
S
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o
o
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Fig.4 Analysis case based on local ventilation design parameters
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Fig.5 CFD results of air velocity, contaminant concentration, and particle behavior
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Table2 Inhalation pollutant rate [%)] generated at C1

Particle size [ um]
0.1 | 1 | 10
CASE
Exhaust flow rate[m¥h]

900 | 1800 | 2700 | 900 | 1800 | 2700 | 900 | 1800 | 2700
1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0
11 0 0 0 0 0 0 0 0 0
12 0| 0.02 1.5 0| 0.02] 1.78 0| 0.02] 1.44
13 0| 03] 254 0| 0.38] 2.34 0| 0.22] 2.46
14 0.12 3.22| 0.16 0| 1.66| 0.16 0
15 0 0 0 0 0 0 0 0 0

Table3 Inhalation pollutant rate [%] generated at C2

Particle size [ um]
0.1 | 1 | 10
CASE
Exhaust flow rate[m¥h]

900 | 1800 | 2700 [ 900 | 1800 | 2700 | 900 | 1800 | 2700
1 | 006 0 0| 0.02 0 of 03 0 0
2 (094 of oo04[ 7028 0| 006 0.88 0.02| 0.02
3 0.24| 0.44| 0.84| 0.36( 0.62| 0.68| 0.38| 0.82| 0.56
4 0 0 0 0 0 0| 0.4 0| 0.02
5 | 002 0.08 0.4 o| 0.06) 01 01| 012 0
6 | 052 0 0| 0.66 0 o[ o0.84 0 0
7 | 042 0 of 044 0 0| 0.52 0 0
8 | 004 0 0 0 0 0| 0.6 0 0
9 0 0 0| 0.04 0 0| 0.8 0 0
10 0| o0.08 0 0| 0.6 0| 0.04 036 0
11 0 0| 0.6 0 0| 0.04| 0.06 0| 0.08
12 0 0 0 0| 0.02 0 0 0 0
13 0| 0.02[ 0.04 0 0| 0.2 0| 0.02 0.02
14 0.86 0.44 0f 0.76] 0.54 0| 0.46| 0.46 0
15 0 0 of 01 0 0| 0.14 0 0

2SN - AR TR SR
TR I RS SCE (2026, 3. 4)

Q) REALE TOH AWK ERERE LA TFREDLER

Fig. 6 (2, 7 RIRVEYYE LRI -IRIEYVE DOFFE DREIfR %
Y, WRNLEIZ I T H ARIGYSE DR & Ri7-IR75
YYEOREORIC, FHEERIE R ST, =72 L., Cl
FEAECIIFRRNLEICEFET DR T OFEITIE G DX RK
TV, RN KEVNE ERTENIEDOZBIC LV |
ZEMNREME T T2 £ B2 bivd,

4
[pm] R )
_3 00.1 :
S Al Y e
%2 © 10
1

0
0 10 20 30 40 50
Ce* [-]
(1) Location of pollutant generation: C1
4
[pm]
_3 00.1
X Al
*@ 2 © 10

Ce* [-]

(2) Location of pollutant generation: C2

Fig.6 Particulate pollutant concentration C,* relative to the
gaseous pollutant concentration C¢* in inhaled air
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Particle Resuspension from Floor under Whole Floor-supply Displacement Ventilation System
(Part 3) Experimental Study on Human Walking-induced Resuspension Phenomena

OFR # ORBRORS) i &3k CRBRR)
Wi B CRBOR) ki CRBROR)

A 7% RO FHEET)

ANBR IR CRBRORE)
gt Adfe CRBRRS)
2 SR RMEZELH)

T CRBRRS)
K A GRIMEEESEEPT)
K Hefr RS

Jun YOSHIHARA™ Toshio YAMANAKA" Tomohiro KOBAYASHI™' Narae CHOI"' Haruna YAMASAWA"!

Noriaki KOBAYASHI"' Tomonori MATSUI"' Hisako NAGATA " Shigeru OKAMOTO™ Saori YASUI* Kazuki SUGITA ™

*1 The University of Osaka *2 Tohata Architects & Engineers, Inc.

Whole floor-supply displacement ventilation (FSDV) has high infection prevention performance; however, its application
in medical facilities remains limited due to concerns about particle resuspension from the floor during walking. Moreover,
quantitative data under FSDV conditions are scarce. In this study, controlled walking experiments were conducted in a
cleanroom chamber equipped with an FSDV system. Particle concentrations were measured, and the resuspension fraction
per step was calculated to evaluate the influence of particle size, shoe type, and walking motion.The results showed that the
resuspension fraction increased with particle size and was strongly affected by individual walking behavior.
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Fig.1 Plan view of the test chamber
(Floor-suply displacement vetilation)

Temperature and humidity probe (t)
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Fig.2 Cross-sectional view of the test chamber
(Floor-suply displacement vetilation)

Fig.3 Cleanroom garment



(4-a) Particle dispersion unit

Fig.4 Procedure for particle dispersion onto the carpet

(4-b) Particle dispersion process
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S Particle dispersion
unit

Table 1 Experimental conditions
Test name ATD dispersion [Shoe type Walker Trials Duration
FSDV 850 a-les Yes Leather shoes ml, m2 1 stepx3 |10 min (6-a) Leather shoes  (6-b) Sneakers
FSDV_850 a-sne Yes Sneakers ml, m2 1 stepx3 |10 min (rubber sole) (rubber sole)
FSDV_850_a-slp Yes Slippers ml, m2 1 stepx3 |10 min @&
FSDV 850 a-nas Yes Nurse shoes ml, m2 1 stepx3 |10 min B
FSDV_850_b-les No Leather shoes ml, m2 1 stepx3 |10 min
FSDV 850 b' No - ml 3 times 10 min
FSDV 850 ¢ Yes - - 5 times 24 min (6-¢) Slippers  (6-d) Nurse shoes

(PVC sole) (EVA sole)

FSDV_850_d No B B 1 times 60 min Fig. 6 Details of shoe soles

RBHE24THY .ml (HE 174 cm, (K 60 kg) .m2 (&
F 172 cm, AE 55kg) Tho7-,

WMARDHAG 715 % Figd |RT, B =)L — FTHl-
T ZEENIZEBNT, 4 BOERTE 7 7 > & bl m s
TRRE L, L OmIREun Uiz, B —rEix
ARV IMARWTEHMI L, mfEz 25 2% L7 aIic4s
XEOEEEEN = 0.43% (EEFRE) ThirZe%

S L7z, M RESA L7 —Xy N & % Fig5 (ORT,
F O RIIIBEEMFZE T < ] S 415 Arizona Test
Dust A-1: Ultrafine (ZJ :2.65 g/em’) ZfliH L7= 7,
1.2 EREHHLUERFIE

FERGE % Table 11277, #K7 RUL AR K X
ML (FSDV) & L7e, #K&ElE, 35kl riR e
DI R & G L, SRITEE OB X 5 5k
o LA 579, 850 mh (42 ACH) IZF%E L
7oo AHXHEEIZ DWW T, FxHBESERWIZ L, B
FREERD K Z D& WD BEROBIER R D D, AL
W AR O E BRE O R AKIEE TH D 40% % H A fE &
L7z FERMEIZREMICIB VT 342 ~46.4% Th
0. FE¥I40.11 £ 2.95% (= : fZEHEFZE) ThoT,

TR T, WEERZEM L7 EBRENENKL T

TEHE D403 70 W= & Rl L=, By IR & A L 7=
H—=Xy b EEERTCHECEEEIT o2, X
D%, Figl B L OFig2 R T FH#EHD4A
D7 7B L, KFIEEZ 105 MME L7,
HOREDO B E MR 5720, 47 4 AT
HtB LR =—h— ERMERCHEH LAY v
NEBLOT =AY 2 — X054 R Z R s Lz
(Fig. 6), 24 DOFEFRED, BHUHOWT—HOBTE 3
BIOFENM LTz, AGhaSRita &EFKT D (Table 1),
S5, FREBREHO D OREAESRMEL LT,
T3 =3y MR Z AR L7V IRBE CIEEEAR i sk o
HEEZWET D&MD, MEEBM LI —Xy b
DHINGDFEZWET D6 Me. BLOT 7 5%
WERTLIERIBELUET 28644 ERE LI,
T —Xy MO REATENY, B Z 5512, 1.25
g Sgm?) #HIEE LY, EIMEIXEEMEICENT
1.153~1.334 ¢ TH Y, P 1.262 = 0.056 g (= : fEHE
W7%) Tholz,

2. BREBEDGETFX
AW TIE, —HH 7 0 ICHUE & RS OB E
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Operator wearing cleanroom garment

ATD-dispersed carpet

(7-a) Case a: Walking on the ATD-dispersed carpet

Operator wearing cleanroom garment

Non-dispersed carpet

(7-b) Case b: Walking on the non-dispersed carpet

Fig.7 Definition of particle emission in Case a (N,) and Case b (Ny)
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Fig.8 Ratio of cumulative particle concentration over 10 min
for each condition (N,-Ng; leather shoes)
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Fig. 9 Accumulated particle counts after walking at each measurement location (FSDV_850 _a_les, m2, trial 2)
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RF: Resuspension fraction per step [-]

1.E-02 HHH FHHHH
1.0 10.0
Particle diameter [um]
(10-a) Mean of three trials for m1

0.1 0.1

1.0
Particle diameter [um]
(10-b) Mean of three trials for m2
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(10-¢) Mean of six trials for m1 and m2

Fig. 10 Particle-size dependence of resuspension fraction per step (RF5) for different shoe types (error bars: standard deviation)
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Effect of Airflow on Mental Work Performance, Sensory Evaluation and EEG

O e ] (BEmEKRY:)

i R ORBROR)

Rl 1B (BETERS)

Akihisa TAKEMURA"™ Toshio YAMANAKA"™ Masahiro MURAYAMA"™

"'Kansai University “Osaka University

It would be meaningful if it were possible to control the airflow to improve the indoor environment by monitoring

physiological responses when occupants feel uncomfortable to the airflow. In this study, the experiment was conducted in

which twenty participants engaged in mental work with measuring EEG were exposed to airflow. A total of six conditions

were conducted in random order: no airflow, whole body exposure from the front, head exposure from the front (isothermal

air / cold air), and head exposure from the back (isothermal air / cold air). While differences were observed between the

airflow conditions in sensory evaluations and mental work performance, no significant differences were observed between

the conditions in EEG. It was suggested that assessing individual differences was the key to utilizing EEG.
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Table 1 Conditions

Ctl WHi Hfi Hbi Hfc | Hbe
direction front
T?wer temperature iso—th.
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Fig.4 Example of d2 test and indices
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Figure 5 An example of d2 results and regression curves

Table 2 Evaluation items

1-6. Post d2 test
Relaxation mood?
Intensity of “THIS” wind?
Like “THIS” wind?
Hot?/cold?
Comfortable mood?

0. Pre experiment
Sensitive to heat?/cold?
Like the wind from a fan?
Like the wind from a AC?
Relaxation mood?
Hot?/cold?

Comfortable mood?
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Figure 7 Comparison of wind intensity and preference among conditions
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Fundamental Research on Additivity of Indoor Odors for Perceived Air Quality Evaluation

(Part 4)Evaluation of Tatami and Flooring Materials by Visitors and the Additivity with Body Odor
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This study investigated the additivity of Perceived Air Quality (PAQ) in environments where human body

odors and building material odors (Tatami and Wooden Floor) were mixed. Evaluations were conducted

with over 60 participants in a chamber under three ventilation rate conditions. PAQ was calculated based

on the percentage of dissatisfied people (PD). Results showed additivity under specific conditions, but

it did not hold at all ventilation rates due to the potential for sensory masking. These findings suggest

that odor additivity varies depending on specific building materials and environmental conditions.
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Fig.2 Set-up of the Experimental Room

Wooden floor

Fig.3 Details of Odor Sources

Table 1  Experimental Conditions and Details of Participating Panels
Odor Sources Wooden Floor (W)
Date 2025/11/10 | 2025/10/29 | 2025/10/31 | 2025/11/7 | 2025/10/27 | 2025/10/24 | 2025/11/26 | 2025/11/19 | 2025/11/14 | 2025/11/21 | 2025/11/17 | 2025/11/12
Assumed Ventilation Rate |[m?®h] 20 40 75 20 40 75 20 40 75 20 40 75
Total - 61 60 62 66 64 60 60 63 61 60 64 62
Female - 28 28 26 30 33 25 31 29 21 21 26 28
Male - 33 32 36 36 31 35 29 34 40 39 38 34
[1] Intensity [2] Pleasantness [3] Acceptability .
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Effects of Repeated Exposure to Fragrance on Olfactory Habituation and Changes in Psychological and Physiological

Responses

(Part 1) Study on Olfactory Habituation to Repeated Fragrance Exposure and Associated Physiological Changes

Oo&H
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BT (RBRR)
W AR CRBROR)

Shiori TANIGUCHI™' Narae CHOI™
Tomohiro KOBAYASHI"' Haruna YAMASAWA "
"'"The University of Osaka

Fragrances are increasingly introduced into indoor environments to improve comfort and productivity, while individual

differences in odor perception have also raised concerns about negative effects of unwanted odors. This study investigated

the effects of repeated odor exposure on olfactory, psychological, and physiological responses. An experiment was

conducted with 20 university students, consisting of nine repetitions of a 3-minute odor exposure followed by a 5-minute

odorless interval. Odor intensity decreased during each exposure, while pleasantness, preference, and acceptability

declined with repeated exposures. EEG results showed stage-dependent changes. In earlier repetitions, alpha activity

tended to increase and beta activity decreased, whereas different tendencies were observed after the Sth or 6th repetition.
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Fig.2 Experimental Time Scedules Fig.3 Aroma Delivery Method

[1]Intensity [2]Pleasantness [3]Preference [4]Acceptability

5 Overpowering odor 3 Very pleasant 3 Strongly like

. 1 Clearly acceptable
4 Strong odor 2 Pleasant 2 Like
. 1 Slightly pleasant 1 Moderately like
3 Slightly strong odor 0 Just acceptable
0 Neutral 0 Neutral
2 Easil tible ods
astly perceptibie odor -1 Slightly unpleasant -1 Moderately dislike 0 Just not accptable
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0 No odor -3 Very unpleasant -3 Strongly dislike -1Clearly not Acceptable Fig.s EEG Measurement
Fig.4 Subjective Evaluation Scales Points
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Study on Cooling Load Characteristics of Hotel Guest Rooms
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Table 1 Calculation Conditions for Cooling Load

Time (hh) 00~07 | 07~11 11~14 | 14~15 | 15~22 | 22~00
Air conditioning ON/OFF OFF ON OFF - ON OFF
Pre-cooling ON - - - ON - -
Curtain open / close open open close close open open

, Peak Cooling Load
7

-
u
3
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0
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Fig4 Cooling Load by Hour for Building Envelope
Table 2 Effect of Pre-Cooling and Blinds on Envelope Cooling

Curtain | Pre-Cooling |Peak Cooling Load FCU Size

CASE-1 O @] 1300 W « 4008

CASE-2 O X 1800 W 1 600

CASE-3 x @] 2000 W 2 600&F

CASE-4 x x 600&F

- p—

iJ Start of Air Conditioning m After the Start of Air Conditioning
=

*38.1C ©38.1°C *38.1C

Fig.5 Temporal Change in Temperature Distribution
Immediately After Air-Conditioning Start-Up Load
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Ventilation System Planning for a Corporate Headquarters Building
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In this research, we constructed a ventilation system that optimizes the ventilation rate according to various scenarios. In

buildings with low simultaneous occupancy rates, further energy savings can be expected by effectively utilizing the air in

temporary use rooms. This paper reports on the outline of the ventilation system plan and preliminary verification using

CFD analysis.
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Quality verification for the improvement of environmental quality in Pharmaceutical

Manufacturing Facilities (Part 1)

Verification of Room Pressure Control Methods in Pharmaceutical Manufacturing Facilities
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Corporation

The pharmaceutical industry is growing amid an aging population and emerging markets, while simultaneously requiring

advanced manufacturing technologies due to biopharmaceuticals and personalized medicine. Manufacturing facilities

demand precise environmental control. Recent quality control failures and data falsification issues have necessitated strict

quality assurance in both the pharmaceutical and construction industries, making the establishment of reliable equipment

design methodologies critical.
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I 5 b,
1) T B C O Rihs e G YL BRRRRE (DA, CCS &)
2) AR B 331 D R EE B EATE A e~ DR
3) BUEBREE AR U 7o Z2 RGO = /L ¥ —xfR

ARBRHIZNOIREICER L L., 5640
TR LA RS RS R R F O HamRE & LT
R T52 L 2AMETS, 2 L CHBEOFE 0y
=7 MRRGEHEZEA L, (FEIEO RGN E 2 J2k
L. ERET 5, AT, pbtifEOH 6, 1) EHR
BT ORKS 72 CCS FEBUZANT T/ v Aa X I 3p—
Ay ba—/ I DRRENEIC DN TR S,

2.2 EEUE

Kt LT B HERRIEL IS0 7 5 A 7 DM 43 A HlvE
Mk TH Y . BELIIRT D CCS NER I D, @wHT o
Tl NOWEEE Fig 112, Fask ORHEE LI FIRT,
Dﬁ~7/ﬂﬁﬁf®ﬁ-@¢T%@aﬁv«w#ﬁw
2) BEHE NEVR AN < TEFARFICI1T 5 BIEAEER N LN
IEFE T L— NMEBDIRHE Ch D B L— R To=

MR WA TH D,

A
T Clean
corrido
Door2/ \Door1 P O— ) |1
e 4_.....}\..\........... \ )
- SN
ALQ Pharmaceutical clean room AL1} |Gowning v
i 10m Sont \ont room
(420P) (+35P2) (+45Pa) 15n PR1
\=\ (+35Pa) 5
! ol
‘
CNC area L \J_
(+0Pa) =]

<&---s Human flow

Fig.1 Applicable Project Planning
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2.3 BREEEH

BT CCS 1T TR L OEMAEEOHERINEE TH U |
IEBRET 2RI EAAET D, RRERAIR L OBHE
eIz L D A DM SN EER 2 LR,

1) ZEESIfE AT Aok
) St BiF &

M) ZERs AT DA~OINRTZEZ X D INELO 2

AFa TR RS 1) ITHOWTIIZEERIE S 2T LD
FPEICRE Ui, R D A BRI O, B
DB X 0 SEDELAL, HIEES GEERES > —
SOMGEES L 3—55) |2k o TUIA— " —2 2 — MR
AL, BEFFREZENT ) A7 B35 5, ZOHE
(R L T, R ORI T A E OMERE, GIP &4
DEF BEERFEIZIS Uit 2o es il B Ch 5,
BEAERFZE D GRS PCD & BEBRBER T 2 18i8h L 7=
HTEUCHOWTHEES LTV D28, iR o Bk
RMAGDOEREOZ T AR T 5 2 & T, EHBRETO
BYEIZOWNTH TR FIREE 72 D,

AREEL, ZHOERICES X | mEA 0CS Bk %t
T 5 AR AT AOREMAENT 5 Z L2 HRY
T 5 RRBRAIENZ B & AL T e v AT AR LT
iR RR OO 2B 2 LI IR E L 72 0, 7 — 2RI
L0 BREERRILE R 5,

3. TRAEEER

202541 H 20 A (H) 1T, @@ v T
KEEDOEWERHET VY U — 2 b— AR TRRE
FERZAT -T2, FHERRHCHIERERS A A o Tk
BEL (Fig. 2 &), HESCEMZETEOEEIZOUVCIH
L7z, SEOFHENL 1 B CTIT- 72,

— AR SR & LT ORI CAV, HESURI PCD,
RT7AA v F, ZEX LR EOMBEDLEND D
(Fig. 3 ), GIP HH CIHGE A BT L REIC oW
Tl HEPA 7 ¢ V2 — %A LTI BUE 3 8 5
7o, REEZETETHMERDH D, £ T, Ml
CAV LIS DiilliEseas D e 2ol G i 2 MRGET 5 729,
Table. 1 IZ7RT™ 7 /8% — N2 DWW T EER A EliE L7=,

2,350i/h "
4> IHHQ, l

CAvVa CAV3 CAVZ CAVD
[Room Pressure T ap aF g
Fluctuation Test] TestingRM@ | TestingRM®@) TestingRM@) TestingRM@
Room size 3.6mi/10.8m | 3.6mi/10.8m 3.6m /10.8m 8.1m/24.3m
AirChanges per Hour| 40times/hr 40times/hr 40times/hr 40times/hr
Ventilation airvolume|  450m/hr 450m/hr 450m/hr 1,000mi/hr
Room pressure 1 0Pa 110Pa 1 20Pa 110Pa
Air flow Maximum posit KBEB-) Sett0 20 Pa or higher
D4} iD.3] D2y
Human flow + .C ¢ 06 ¢ . ﬂ

_.om @y, o da

2,350m/h
mThe following s adopted based on the review pattern.
@ - -8 Door Switch InterlockControl  —fJ}» KBD Slightly Different Pressure Damper PCD Pressure Control Damper
Door INV Fan's INV control is discharge pressure control ~ CAV Constant Air Volume)

Fig.2 Verification control system diagram

ZESHEN - R TR T S
IR SN (2026, 3. 4)

¥ CAV  kep 9 cAv ¥ cav @ cav
/

Air Leakag
Ter || e Ter || S
L0 SO 4
gPCD @PCD PCD . i

sk Door Switch

Fig.3 Case study of room pressure control method

Table.1 Verification pattern condition Table

Door Openin
Test Pattern | Supply Air Exhaust Air p- 9 | Door Switch KBD*
Duration
2) Short Of
Casel) cav? PcD ort dpening None None
Standard Kp=0.4 55
Long Of
Case2) CAV pco ©ng dpening None None
Standard Kp=0.4 155
Long Openin
Case3) CAV PcD 9 Opening None None
Reduced Kp=0.2 15s
Long Openin
Cased) CAV Pco 9 Opening Present None
Reduced Kp=0.2 15s
Present
PCD Long Opening
Case5) CAV None (Same setting as
Reduced Kp=0.2 15s
room pressure)
PCD Long Opening Present
Case6) CAV None (Adjusted to room
Reduced Kp=0.2 15s
pressure)
PCD Long Opening Present
Case7) cAv Present | (Adjusted to room
Reduced Kp=0.2 15s
pressure)
Notes:
1) CAV (Constant Air Volume) 2) PCD (Pressure Control Damper) 3) KBD (Slight Positive Pressure Damper)

4L RERBIUOBE
4.1 BEBFRER

T I — DFIEIREERERL COEEAAB O R4
Fig. 4-1~Fig. 4-9 |Z7R” 7,

Casel @ CAV/PCD #ERiIE, £ < DESELREEH R T
HENTWHREAERR TH D, PCD D/XT A—H—
XEBI7 A > Kp = 0.4 \TRE LTz, W71 > (Kp)
. AR & ERIE O3 2 HIRE ) O 27
G DT A= —ThV  Kp EPKEZWIZEEHE
DEL | INSWNF EIEEE DL 72D, Z D Kp fEOF
FITLD | HIEREEE &R DT v A E i b T &
%, ERSIEE UCHERB A 5 RO & L7, BEBRAK
RHZ BB Q@) b BREO~KIRANAL, EEOWHER
A U7z, 5 BREEOFEFHIORERMATH->Th, Al
BasOREREs KOV AR B AR OHHEBN I L0 | =1E
OMHRNEC D Z LR gootz, (Fig 4-1208)

Door 1 Open Door2Open  Door 3 Open Door 4 Open

60 (Pa)

Door 1 Close Door 2 Close

1140 1160 1180 1200 1220 1240 1260 1280 LZO?RP(
----- Testing RM @ RPS ~ =====TestingRM @ RPS ~ =====Testing RM @ RPS ~ =====Testing RM @ RPS

Testing RM @ RP

Testing RM @ RP

* RPS: Room pressure Setpoint

Testing RM ® RP

RM: Room Pressure

Testing RM @ RP

Fig.4-1 Room pressure comparison in Case 1
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Case2 I, Casel & [FBROIERLTH DM, BEDBRFEEFH
%15 B & BN LT —ATh 5, EREOlZEEH T
WL JFRERCILE & o 7 S OB I C IR
DOFERRMMBIAET 5, BRI RERED & OO =EEIH
Hlipolo, ZORE RBREQ®D PCD FEIT/NEL< 22D
PESUR R 2060 5 3 HIBEIAERE L T 5, & L CHERASH%
\ZIEA— "= 2 — R VEAE L, RBREQ O =LA 50Pa
BEFETER L, MBREOIZOWTUIRKIELLFET
BMICTHEL TS, (Fig 4-2 BH8)

Door 1 Open Door 2 Open  Door 3 Open  Door 4 Open

Door_1 Close  [Door 2 Close | Door 3 Close | Door 4 Close
50 S
i S
o oty A
vl ol
® K L\
\ U\
20 st e = - e -2 ~ P VN Ade o
oY \"Vach s —-vva 'V'vv—l\vv'vvvvv ~
10 M A At " A P | WYY
MrArlorwbonan/ L "o oo N ~f VAo Sy A Rt
0 - AN S -1
-10
20
1350 1400 1450 1500 1550 1600 1650 1700 1750,
(sec)
----- Testing RM @ RPS =====Testing RM @ RPS ====-Testing RM @ RPS =====-Testing RM @ RPS

Testing RM @ RP

Testing RM @ RP Testing RM @ RP
* RPS: Room pressure Setpoint ~ RM: Room Pressure

Testing RM @ RP

Fig.4-2 Room pressure comparison in Case 2

Case 3 |%, Case 2 &[AEROMERE L UGHHIGETH D
A3, PCD ERDHIE AT A =5 —% Kp = 0.2 I[TREL
7z, Case 2 ELLHERL T, F—"—T =— FRBUTZMN,
G 2= M L DR EODOIRAMEIL Case 2 L
WNEWKI38Pa Lipole, A== a— MILDR
W EAL, MOMEOENTFHER & ol

(Fig. 4-3 M)

(Pa) Door 1 Open Door 2 Open  Door 3 Open  Door 4 Open

Door 1 Close | Door 2 Close , Door 3 Close | Door 4 Close

A
R
30 VL
hi N
20 WA A Al A oet A A
e wd *vwv\.\,M 44 'Vlf\"vv‘v v woh
10 huoe }"( P, ol

0 — _WV VN S I W |

20

1950 2000 2050 2100 2150 2200 2250 2300 2350,
(sec)

----- Testing RM @ RPS -----Testing RM @ RPS -=-=---Testing RM @ RPS -=--=--Testing RM @ RPS

Testing RM @ RP

Testing RM @ RP Testing RM @ RP
* RPS: Room pressure Setpoint ~ RM: Room Pressure

Testing RM @ RP

Fig.4-3 Room pressure comparison in Case 3

Case 4 [, Case 3 LEMEORERES X OGHGMTH D
23, PCD (ZBHEEEEHIE 245N L7z, BARRIIZIE, R
DENBASNIZERZ [ KT AL v F ] ODEFE%
(F. PCD BHEEZHIEDBIEE I E T HHIHTH L, ZiL
(2L D Door 2 MBI S NI DA —/S—3 20— R HVFE
AT, BRBREQOEFITFFAMEOMPANITINE -7,

(Fig. 4-4 )

Case 5 %, Case 3 &[RRI OFHISETd 2 73,
VEZE=ERIC KBD (PSS > /3—) %k Lic, Case 7
I RT AA o F oI 1Lt Case 5 & OBIERMEDF
CTHD, BBV TIEERN T 5, KBD 135ERH

ZESHEN - R TR T S
IR SN (2026, 3. 4)

R DR ~DOEET VAT 5 Z & 2 Y& L. PCD
OREEIRZEIR L, A —/N— 3 o — N EBIE
ZANHICE DIERGE LT,

fEd &L LT, BEBAPARFI AR D= A AR L
RO HA— =2 a— MVELT, LML, KFEA~D
WIEDRAE UphoToToh, WoEE S v/ BN 2R ESE
PEMERA L, 3 F IBLIEOBLS NG KBD OEALLE)
borEEZLND (Fig 4-52M),

6 (Pa) Door 1 Open Door 2 Open  Door 3 Open Door 4 Open

Door 2 Close |Door 3 Close | Door 4 Close

Door 1 Close

-20

2500 2550 2600 2650 2700 2750 2800 2850 2900
sec

————— Testing RM @ RPS =====Testing RM @ RPS ====-Testing RM @ RPS =====Testing RM @ RPS

Testing RM @ RP

Testing RM ® RP

Testing RM @ RP

Fig.4-4 Room pressure comparison in Case 4

(Pa) Door 1 Open Door2Open  Door 3 Open Door 4 Open

Door 1 Close Door 2 Close Door 3 Close Door 4 Close

10 fptadd N
- Aoy
Son. 200

or Al

20
5700 5750 5800 5850 5900 5950 6009,
sec)

----- TestingRM @ RPS ~ ===-=-Testing RM @ RPS ~ =====TestingRM ® RPS ~ ====-Testing RM @ RPS

Testing RM @ RP

Testing RM @
* RPS: Room pressu

Testing RM ® RP

etpoint  RM: Room Pressure

Testing RM @ RP

Fig.4-5 Room pressure comparison in Case 5

Caseb (&, Caseb & [FIEROMERLTH D725, KBD DiiEdk
D3 872 %, Caseb 1L KBD OFEFFRTE % 2 B O
JEER—&72 D X DICFRE LT, —F, Case6 TiLlHE
D78 KBD Z5% . KBD DZAERT 4 2 ER ORI 7EE
FOREEE LT, Case3 &g 5 & Caseb 7 KBD
DOREFEZNINC L0 BE 2 PASHIRF D A— 3 —3 20— NI
T& 7z, L UEE | BRI CRERE 2 OZITERE FAE L,
PCD BIEICPE D EBIEA — N —v 2 — MR FEAE LT

(Fig. 4-6 ).

Door 1 Open Door 2 Open Door 3 Open Door 4 Open
0  (Pa)
Door 4 Close

Door 2 Close Door 3 Close

Door 1 Close

6700 6750 6800 6850 6900 6950 700?
sec)
----- Testing RM ® RPS ~ ====-Testing RM @ RPS ~ ====-TestingRM @ RPS  ====-=Testing RM @ RPS
——— Testing RM @ RP

Testin ——— Testing RM @ RP

Fig.4-6 Room pressure comparison in Case 6
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Caseb & Case6 (Z3@9 2% KBD & PCD il Eo>
FHAFUAZ DN TIRA D, 10 53FREE OFEL FRAERFH] T
IITIIAE Cedr o 7208, ADHAY I3 72 EERHE
i Z E TN E U T, BERIORER=EQD

PCD BRI/ NE L 220 FBR=EDOD PCD BHELIIBAL< U7
~HERS L. 9 30 23R8 CIEBAE 20% % TIX F L7,

Z OFGHUIKBD (K DAY & PCD (2K D

HHEA T L, fERE L T—EDELRTHEENE
L7c&EET 5, PCD OB EEIk 45~65% A g
% 2 L CEEEENIRT 2B BT 5, MRk
T o TUTI|NIC | REEILL EIFE L CEB 2T D H0 L
HDHT28, ARFHEREROERIZHB W CIIREENLET
HHZLEIHA L, (Fig 4-7 W)

100

%
9 80

o 70
§ S
g
© 50
o
g
30
20
10
0
65 70 75 80 85 20 95 100

(min)

—— Testing RM © PCD Opening —— Testing RM @ PCD Opening

——Testing RM ® PCD Opening —— Testing RM @ PCD Opening

Fig.4-7 PCD Opening Comparison for Case 5

CaseT7 |, Caseb (ZBHEEEHIEZ L= D TH S,

TEHEQAERE (B 2 BIRF) 123U\, CaseT & Case
6 O JFT KBD & PCD 23F¥9 %523, KBD Bz kv
Caseb DFREQDORETLITIZLE L T, BR=EQIEH
e (BE 2 PHHIRY) 12T, =EOR LUOO T
MFEA LT, LT=D > T, Case 6 OflEIFTVEERAIZRW
TIHEENKLETH D, —F., CaseT TlE, A——
22— FIRERT, Cased & [FREO=EFELEH %25 LT,
L22L. Case4d Lg% &, Case 7 TIEABREQIRH
R (BE 2 PAgHIRY) |23l X USR=EQ TR K 5 Pa
OFEFEEIA LT H DIk L, Case 4 TENET T,
A== a— M BRAEET RHLE LI EERE
FHSNTZ Z LR ST, (Fig. 4-8, Fig. 4-9 )
4.2 fim

Case 4 (AE CAV. HEZPCD., R7 AA v FdhifilfE)
DOFHEHETIE, BERPARHZ LB 2 3~5 Pa LLT
WIS 5 2 ENTE, LT LIZ=ERIEGETH
52 EPEES T,
4.3 R0Vl h~DEH

WH7m Y= (Fig 1)1T Case 4 DR (A5 CAV,
PESR PCD, N7 AA - FissEhfiliE) A8 A L7z, &I
G4 DB 2 3 L7 #55 4 Fig. 5 1, ke
~OEhR E TR L7256 T b SR8 A i NRIZ
P L. 28 LTeSBERRAHERF L T D

FEREFEFRIZ X 0 B PRI A8 & H U 7RG R A fax

%’f\nﬂfﬂ AR L il S
TR E R R i U (2026. 3. 4)

FHIREBA T2 THEIZ &> TR OCS IZH Y 5 == EER
Biafeft T& 5 Z L g ST,

(pa)  Door 1Open Door 2 Open Door 3 Open Door 4 Open

Door 1 Close Door 2 Close Door 3 Close Door 4 Close

- T
0

-20
7450 7500 7550 7600 7650 7700 7750,
(sec)

----- Testing RM @ RPS ---=--Testing RM @ RPS ~-=-=---Testing RM @ RPS -----Testing RM @ RPS

Testing RM @ RP

Testing RM @ RP Testing RM @ RP
* RPS: Room pressure Setpoint ~ RM: Room Pressure

Testing RM @ RP

Fig.4-8 Room pressure comparison in Case 7

Cased) Case6) Case7)

60  (Pa) ” 7 (Pa) 6o

so | Door 20pen  Door 2 Close Door 2 Open  Door 2 Close Door 2 Open Door 2 Close

20 . .

i N i
. P

2625 2630 2635 2640 2645 2650 2655 (6785 6790 6795 6800 6805 6810 68157540 7545 7550 7555 7560 7565 7570

-----Testing RM @ RPS -----Testing RM @ RPS -----TestingRM @ RPS ~ ===-- TestingRM @ RPS  (sec)
Testing RM @ RP ——Testing RM @ RP ——Testing RM & RP —— Testing RM @ RP
* RPS: Room pressure Setpoint ~ RM: Room Pressure

Fig.4-9 Room pressure comparison in Cases 4, 6, and 7

Door 1 Open & Close Door 1 Open & Close
(Pa) (PCR Entry) PCR Entry)

45 W\r\,/\,,/\u-—w MA A AN
40 VAMM \ Door 1 Open & C\ose
i 1
!

N (PCR Ex\t)

35 MW%WWMW

30
25
20 vawmmw N
15

2880 4320 5760 7200 8640 10080 11520 12960 14400
(sec)

—PCR (Pharmaceu tical Clean Room) —AL1 —AL2

Fig.5 Room Pressure Analysis in Implementation Projects

5. &% DR

WEORBRESZ R TIT /<, %ﬁ%%ﬁiwﬂﬁ%”
ST, Kl GMFORHL L 3 DG TFEOAIMNEE R T
7o, BHEEBO RIS IE S 7o D EORRERZ F
WCER(EL, A% b & U UEEEOE G E B
KL TN,

EiT3
AMRREINN BT V) SR, RT3k,
7 U 7HRASHER. Y~ b I EERASHRN B Z R
DIXERTHE E L, ZIICHEERLET,

% % 3 Wk
D AR 7V —2— AT D ISR DfE
FrolzdoELE &EF - HlEFIEICET 258

(2011.9)
2) AHTATHE : 7V — 1 l— 2B B RELEECE
T AEBRIFIE -F0 3 FHTHIE FICBIT 5

EHRFOEILEEEE 255
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Energy Consumption Prediction and Operational Performance in Heat Source Renovation of
the Large-Scale Office Building
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2. YI2al—YavIZkBAMRETE
21 ¥2al—Yavy—iL

AL, EIREEREREEEITERERL D AR E
UTWA LCEM (Life Cycle Energy
Management) Y —/L%& AU 7=, LCEM Y —/ WX Z& s AT
LERNBL LI X N — I 2l —Ta Y —LTh
D, ZRAX—IEREE EEICEHE L, #4857 v 27
LOEEHERHR D, Flo, FRlAZE LV I 2 L—
a UNARETH D,

2.2 FEATEM

4 3 IZEN S AT LAOHTET VR, BURS AT
DI & ZIRMIBESR SR TR R A TV, W
b KRG OBIRLAERTOFHET — & & T, 28
FHRERI L 8~22 FEE 720 | H/KH DR X 6°CTHEE L
TW5 GREHIRR ., X 412 2018 £EICBIT 5 A D Ik
BRI OIFET —H nd, BRI T
WEEDMEIMERANCH Y | 8 AR KmEANRT L e d, &
NLIBEITR R T 5,

B (X — RO, AR ARARS) DA
WZBILCiE, % 2 TR LT BRSER OAR 2 FaAR S A &
L CASN L, fTERI230E LT, 2% 3 ISR (6
IRB =) TRy, AWM RS ERE & 2 — RV
HEIERFD 2 A — 2 ZFRE L, 45 Casel~3 [ZDOWT
fEAT 5, X 5 1T Case2-1 & Case2-2 OISR L2777,
HE B A EIZKIREE 32°CIZ 38U T AW R4 v &
S —TNEHEED COP SR & 70 % 8 AT 45% & Y
100% CEK) OWERE L7z, LU, 8 H O KRBT
3, 016kW (2% L, Z OB H1E T BRI AT 572
b, 8 A DI AL IHIRAFEDE AR E 60% L L
AT L7,

2.3 FEATHER

% Case DFRATSAEIZ BV THEROBFR S AT LD A A
HEELEBENHEEZEHL, —RTFLX—ITHEL
77 X6 I\ZENTHE R A7~ 9, Casel~Case3 |IZB\W\T, ¥
IR X 0 b & — R 2 JEH 9% Case D
F9 D, —IREFNVX—HEEDN DR RN D, &
7o AR ESEIR L . (AVKIREL 18CE T
TUF7z Case3—2 DI b/NSUVMEZRLTND Z &R0
2o

3. EET—HF LOLE
31 EEFET—4

KIRDFAT 4 AN OHJEEAEN G 2023 H-~2025
FEOBIFUIER BT D =RV —F—F i Lo#r
EAToT2, Fi2, KRR T, HHEE, BAKER
TN TR DI FED T I BB AR OB T &
EINZTIAEEBIR S AT LOEI T EL L,

ZESHEN - R TR T S
IR SN (2026, 3. 4)
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—e— EHHNK[BEEKRE [°C]

800, 000 - 35
700, 000 ' A - 30
__ 600,000 5

=
= 500, 000 o
= - 20
ﬁ 400, 000 18
15 ™
IS 300, 000 K
& 10 ®
200, 000
100, 000 I I 5
o 'm W n = ml
[ @ I O D Q O O O O O OO

3 fRITRAIE
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Casel- TERIEEY IR B S °Cc Y 0¢
Casel-: TERRIEEY —RE% °C Y 00% 0’
Case?-1 | B9 HHE | RRst@% °c 5 1) 4548 :60%) 0
Case2-2 | Ei BT IEEY —REE °C Y 45% (85 : 60%) 0
Case3- i ] R B °C b Y 00% 0"
Case3-: TERIEE —RE4 °C Y 00% 0’

3.2 EET DR

71T 2023 4FE~2025 FEO—IR TR /LX—{HE EDOF
WHER 24, ERICITRIRD BRI~ TT7, 8 AD—
WV —HEENL L o TD, &K% L THh
RIRE —RT X —HEEL LICERICHERE LTV D
DI,

8 1T 2023 H4:~2025 FEDOFFPEEE i 2~ d, &
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Y, Ty FEITFEM CROZERAMNBRENE ED
& L, EEREICHT T DA m OEIE % BIENT
~ v FEZHH L7 (2023 4 :280.59[kW] . 2024
4£:292. 03 [kW], 2025 4F:282. 22[kW]), X8 (2B T, 3
FERRIRRE OB THRS L QD Z &85, R
IFEREME L 0 AR MHRRN 2T b, 2
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Demonstration of the effectiveness of environmentally friendly technology in regenerative
architecture, ""Forest Architecture"

Bl JRE (i IEsE)  OffnR BN (P LEIE)
Hiroshi Okuyama*1 Masato Tokuwame*1

*1 Takenaka Corporation

This paper reports on the process of developing and constructing an environmentally circular pavilion titled
"Architecture Becoming Forest," based on the principles of circular economy, as well as its growth toward becoming an

actual forest. Additionally, we present a verification of the passive cooling effects implemented as a summer heat

mitigation strategy.
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Airflow Simulation for Horizontal Diffuser - Air Conditioning System
with Beam Penetration in Open Ceiling Office

Om M X (I LES) i 508 (T TEsIs)
PRI wk (P T k)
Ryuuta MINAMI*1  Tkashi MOCHIDOME*1  Takui AKIYAMA*1

*1 Takenaka Corporation

In open ceiling offices, prese structural beams make it difficult to adopt a cross-flow air conditioning system. This study
aimed to evaluate the thermal environment and assessed its effectiveness through airflow simulation. Furthermore, the
impact of beam opening shapes on the thermal environment was also examined. The results confirmed a better thermal

environment that does not compromise comfort relative to the target.
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Understanding the Actual Load handled by PAC towards the ZEB Conversion of Large

Commercial Facilities
(Part3) Analysis of Peak Cooling Load Values for In-Retail Store
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*4  DAIGAS ENERGY CO.,LTD.

This study developed a method to estimate the actual cooling load handled by each PAC (Packaged Air Conditioner)

indoor unit in tenant spaces to establish appropriate capacity selection methods. Building on previous reports that

developed and validated the estimation technique, this paper analyzed aggregated PAC load data across retail stores to

calculate peak load unit values for facility planning. Results suggest that setting appropriate PAC peak load units based on

store area, rather than uniform values, could reduce air conditioning capacity requirements, and provides quantitative

examples.
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Table.1 Cooling Peak Load per Store Area
grouped by Floor
All Retail
1st Floor |2nd Floor |3rd Floor

Store
Number of Stores 150 28 88 34
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Total hours x 0.6% (the risk

243 46 143 56
level)
Peak Cooling Load per Store
Area considering the risk 126.6 118.8 129.3 120.9
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Table.2  Cooling Peak Load per Store Area grouped by
the area around the Atrium or not
Upper part :
Peak Cooling Load per Store Area[W/m2]
Rate of
Lower part : Number of Stores
. change of A
(Number of Data samples for analysis) )
relative to B
A)the Area B) Excluding the Area
around the Atrium around the atorium
121.3 114.6 5.9%
1st floor
18 (4860) 10 (2700) -
128.4 129.9 -1.2%
2nd floor
30 (8100) 58 (15660) -
126.0 109.0 15.6%
3rd floor
15(4050) 19 (5130)

Fig.8  Target stores around the atrium in 3™ floor

(% The orange zone indicates the atrium.)
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Table.3 Cooling Peak Load per Store Area

grouped by Store Area to five
Number of Data Peak Cooling .
Number of Difference
Group samples for Load per Store
Stores from A
analysis Area[W/m2]

A)~64m2 4 1080 139.0 -
B)64m2~128m2 40 10800 123.6 -11%
C)128m2~256m2 63 17010 128.5 -8%
D)256m2~512m2 31 8370 116.0 -17%

E)512m2~ 12 3240 109.5 -21%

Table.4 Cooling Peak Load per Store Area
grouped by Store Area to four
Number of Data | Peak Cooling .
Number of Difference
Group samples for Load per Store
Stores from A
analysis Area[W/m2]

A)~64m2 4 1080 139.0 -
B)64m2~256m2 103 27810 126.8 -9%
D)256m2~512m2 31 8370 116.0 -17%

E)512m2~ 12 3240 109.5 -21%

Table.5 Cooling Peak Load per Store Area grouped by Store

Area considering outdoor air intake conditions

Peak Cooling .
Difference
Group Load per Store
from A
Area[W/m2]

A)~64m?2 132.0 -
B)64m2~256m2 119.8 -9%
D)256m2~512m2 109.0 -17%

E)512m2~ 102.5 -22%
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Table.6 Multiple Regression Analysis Results considering

the store placed around atrium or not

Standard

Coefficient t value P value
Error
Slice 96.59 4.58 21.11 3.27E-46
@Atrium element
1.60 4.23 0.38 0.71
(0or1)
@Floor element
2.39 2.13 1.12 0.26
(0or2)
(®Store Area[m?2] -0.02 0.01 -1.81 0.07

Table.7 Multiple Regression Analysis Results considering

the store placed around 3™ floor atrium or not

. Standard
Coefficient t value P value
Error
Slice 95.28 4.26 22.36 5.40E-49
(D3rd Floor Atrium
10.07 7.58 1.33 0.19
element (0or1)
@Floor element
3.37 2.25 1.50 0.14
(0or2)
(®Store Area[m?2] -0.02 0.01 -1.88 0.06
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A Study on Greenhouse Gas Emissions from University Facilities

Preparation of Foundational Data for Scope 3-Inclusive Emission Accounting and the

Identification of Priority Mitigation Areas

O & 1L B GLanfiR=)

Mg k¥ G LK)

Koki FUJIMAKI*1

Tomoyuki CHIKAMOTO*1

Takuma MUNENAGA*1

*1  Ritsumeikan University

Recently, reducing GHG emissions has become a global priority due to accelerating climate change. At universities,

managing GHG emissions from educational, research, and campus operations is essential for sustainability. While most

universities have focused on Scope 1 and Scope 2 emissions, previous studies indicate that Scope 3 emissions, including

supply chain—related indirect emissions, account for a substantial share of total emissions. However, few universities have

addressed Scope 3. This study aims to quantify GHG emissions at Ritsumeikan University’s Biwako—Kusatsu Campus,

including Scope 3, to support future mitigation strategies.

1. [FC®HIC
PR HERIR L O ATV, IR T X

(Greenhouse Gas : GHG) HEHEOHREIL, A 7eR5E
ELTHEAESNTWDS, RKAZBNTYH, BF - biEE
BOMESOEE (1 D GHG PEHEDEPRIT, Frje rTRetto
B OEEMEAZME L QW A, Figurel &, KFEZBT
% GHG HEHHOMEZ R LT b D TH D, KFETHRAETD
GHG 13, HEHEIRDPFEIZHE-S % | Scopel. Scope2. Scoped
D =DM E LD, Scopel T, KREFADNRE 2 H 5
52 L EIC K D EREEHATR L, Scope2 13, AR
LG SN EIRRBOM I 5 BiEPE e,
—J7. Scope3 I%. Scopel, 2 LISMT. RFOFEFENC
B U CHRAT 5 E DM X TORMBEHEN 235 L LT
BY ., EMOERR - HEFFEEL, FESEME, FORE T
o) - HiER Y. 15 AT I VICHEEIND,

il

Scopel TN

G S ATFIY B
1 IXNF—BEE

ERoRe EE D
IRSEARDBEEE |

Figure 1. Structure of GHG Emissions at Universities **%

Figure2 I%, AWIFRICBWTEEDSE & LI-HHID
2 H, MR 3 KRS 2RI D GHG PEHEDPNR
RIS DT D, Scoped3 DFEEIZH Y A TV D —
HOHEHER 22 K FOFHNZ BN TIE, GHG PEHERRD
G, Scopel, 2 &L LT, Scope3 O k5 HE|EG )Mk
DTRENIEPRESINTWVS, 2D ED, GHG
PEHHE A AEACHIE L T 7200213, BE OEEEY
IRPEHERIC & EFE 5T, B S FiETOY T4
T = — U RREE DT R E BN AR Th D L
2%,

BScopel MScope2 MScope3
AKZ

BX%

CX#

KBRZEDScope2 i EA0% (5t-COe) &h->TWBDIF, BIRXBAILLZHETHS,

Figure 2. Composition of GHG Emissions at Other Universities %3~

—FC, Scope 3 DETEZEIT> TWVDHRKFEIRHNT
BY ., SCMEERRIIBOLTH, ZHE T Scope 1 B
X Scope 2 DEEITH £ > T2, £ 2 TANZETIL,
Scope3 & & T e EANEE KT BKC % ¥ o S A DIR R FH A
PEHEZRE L, fPRA72HINECT 580 8 R 7R G ek
DIFFHIE T 5 IEEE R T 2 Z L 2B E T 5,
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Table 1. Overview of Calculations for Each Category

ZESHEN - R TR T S
IR SN (2026, 3. 4)

EH HERR

EENE HERE

Scopel

F o NRTERALEBHAR (BLUREHNEH

biks) ) glo, # g
AR DERERE (KRAX) HHHROEBMEREIC, HRORKME L

(KA > D EHEHEH) THBBCHEAS NDIE) (85 B, B R B A b e A R U CEE,
Scope2 Fo SATEALABABNORBBRCRET |, oo BHEMEIC. BHIkWhb 7 Y OUEERE
(THRALF—REORIEHE) | 2RSS, = = ERUCER,
AFTU2 BB - BRGCOBEREANGT 2RO |___ BB 4R < B A DB R & BT Bt
; . S N (& E & 7E OO BRS 4R "
(@A) X - R - WIRICHE S B, <E%,

H73Y3

REHREN LRI BAO ERTAE" (RE - &

PR OB S - & 10, EE~EHx
B @EAR) | BRormg  |[THOBAR - BARMEC. KRR

Jein

(EF&EDHIR)

(AR - TRF—0 EiRBEE) | - %) TRETDMEENH, FCEEC LRFHABERCCEE,
H7IY5 RPEOBEFN THRE LIEEMONE - VY17 S E R BREYOER - WBHEZEORIC, HFT
(BEEY DIE) JUITHE S R AR RBERITADE CHE,
HhFTY6 BKCZAHH & 4 2 B8 DEBHIRICH 5 iBH IR HEBMEDEMERT — 2% b L2, A

BIOFAIC K 28 (KEATEEMmIEScopeliky

ALEBFEROBIHABEAVTHEE,

Scope3
(Scopel, 2L DRFEHEE)

b bal= N

(EFR#&E &) BIRIARIC & 8k,

BKCEABME §2HE - BB OBEICH S KiBH

BEIF A ORI REHY - BEVERED 308

78 A LS OB F L
mE FBCL OPHIRSER L TEE,

2. CHG HIHENDETE

2.1 WE

HEICHT> UL, ERADORERLEZEITBIT DT
FHEBEL L, I RkT—FEAW=@ESHE T

NEEhE X PEHREy TS RMEITo 7,

2.2 {EHTI)DEESRE

BROICI, BEERUST — &0, BEIEEE g, 1B -
HiET — 472 E2IEE L, 7 IV EIZ Figured DXL 9
TRVRAVCEH LT, IOV TIE Tablel (TR T, &
TEXTGIE, Scoped 42 15 XD AT A Y 1~T (2K |
BKC ¢ 2 /78AD 2024 4EFE 1 AERICRE L72FY,

H7rTVEE W FERAT—20IE W 7 4%E- GHGHRHROHE
(SEATEB) - HEBEORE W WESEER
M5 HEER

PHHEZ L

IBERFICETS
RIEMLGHGHEH R

[€2 )] WET-% [FEENE < P fR¥s )
Scopel, . ?}Jﬁﬁﬁ Scopel, Scope2, Scopel, Scope2,
Scope2, ==» | ﬁzﬁﬁﬁﬂ — Scope3 = Scope3
Scope3 'ﬁifﬂ’i@gi . TR (h73Y3,5) (h73Y3,5)
(7:7‘-:fu1~7)\ wE o
Py 3
e ERT—% SKRHDB
‘,  EEEEREBT—4 CL IR Scope3 _> Scope3
o | mammgr s | (e Y26, 7) h792,6,7)
AL T
#FI?‘}%I:]%L\ ‘ KT — I ;g;;u :::fl Sf:fl
’ Z D ORET— % o g
Scope3 =P ayyo 77 .......... Co:Bi5h) (COBU5%)
(HFY8~15)  MEHRAT—& Scope3 Scope3
B (h73V1,4,8~15) (h73V1,4,8~15)

Figure 3. Calculation Flow

(1) Scope 1 (KZFfIH 5 DEEHEL)

PRBLOME I K D580 G EEIIZ PR S35 GHG
ERRET DX T %, AWFFETIL 2024 FFED T AfH
FEZ AR LU CiR@iE L L7z (Table2) . ASKIIHAARE
D GHG K OB FBIREN R BRICHEZAT O Z EREE LW
W, T2 ER L, #ATADR ARG E Uls, FREIC
{3 BKC 238889 L T RERT A DAL L7z,

Table 2. City Gas Usage at the BKC Campus in FY2024

20245
48 |58 [6A | 7R |88 |98 [10B|118|12R| 18 | 2R | 3R
HZ (Fm) 56| 40| 89| 216| 181| 161| 75| 65| 167| 215 207| 119
A&t (Fr) 1,589

(2) Scope2 (TAILX—iTIROBHIEHEL)
G L CWA BSOS S - EBRRB O

HE

JHE D RN A R L T2 X Th D, AIFFETIE
2024 FEOBEBLXMMELZAE L CEHEL L
(Tabled), EADMEAICH: D FEHIZOWTIE, SMBI LD
BIR 252 1T TRV ORIEY L Uiz, FREUTIT BKC
KL T L AP RE I DIEZ LR LT,

Table 3. Electricity Consumption at the BKC Campus in FY2024

20245
|

48 | 5A | 6A | 7R | 88 | 9B [10A (11A |12A | 1A | 2R | 3AR

BR(Fkwh) | 1,710| 1,865| 2,082 2,560 2,287 2,246| 2,085| 2,051| 2,293| 2,413| 2,289| 2,080
A&t (Fkwh) 25,960

(3) Scope3hT1) 2 (BEAREL

SRERI G B 7 A 72 UG L7 A IS
DNT, E O/ JE- IsERIC IS W TRAET D GHG
PRHBE AR & T 2 X Th 2, ABFZETIE 2024 4 1
TR OE E A FERUHIIAS 57T (Tabled) & [HE -AFE) 7
B RFT D8 OV TRIEEAIT -7,
Table 4. Total Acquisition Cost of Fixed Assets at the BKC Campus

X5 &8 (B BAHMA)
=57 663
BEMEEEE 1,656
BEY 142
BEWRARSER 902
% O fbikasiE 3
&t 3,366

(4) ATITYU3 (FBH - TRILF—DLRH)

SRR ICHEA L7k A B\ B3l TR fE
5 GHG HEHH A XIS & T DX TH D, AWFSETIX Scope

1,2 OFEEIZHW-IEEIET —# (Table2, 3) & HV 7=,
EZDUNTIE Scope2 & RIBROERH N HXIG4E Lz,

5) hT3IU5 (BEEHONIER)

FHIEENLEOIEAE LT BEE O FEFES L OMLEEFR
28I 5 GHG EHEZ XIS T 5 X0 Th D, AWFFET
V&, BEEEMIRRIER D (Tableb) & 3 FRODALFRFTVER]
(CHEREL L, BRI RIS D PR A A L C
BE Lz, 7B, VYA 7550 TE, <P BX
UPET 7 AT v 7 FIZX Sy L TR LT,
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Table 5. Waste Treatment Amounts at the BKC Campus in FY2024

X5 BREMFLER () BAEFIAE () RIENEE (1)
H 93.64 93.64 0
ETH 0 0 0
T ZHh 102.23 0 102.23
TR H 0 0 0
BT 2 20.965 20.965 0
aE 216.835 114.605 102.23
BEAREX 52.9%

©6) hTdUe (HIR)
TEEEB DRI 2SR ORI X B PEH & x5
LT BXSTHD, AWZETIL, 2024 FFEEE KK S C BKC

EABMETHINE A DERE RIS E L,
PP 7= AR X HA%4E (Tableb) 2 HCEE R T T,

il

WS GIERE

F—AHENC LY . EEOZSRTEN G TN BRI
DONTIE, HEEFE L (Table?) AR ASRTFEROHEHR

@l
Table 6. Transportation Allowance Paid to Faculty and Staff
REFRED & REHEEE

§9Y—-LYIN— - TTU— - ZOMAA 224 ¥1,983,112
] 264 ¥11,262,625
ESNEERRI SRR 71 ¥293,648
BXAE 69 ¥212,972
%8 - N2 BRI IEBE) 2817 ¥21,173,340
|seat 3445 ¥34,925,607

Table 7. Transportation Allowance Paid to Faculty and Staff

ZERRD - B TR RS
TR E R R i U (2026. 3. 4)

2.3 BEEXREGH
RERGHIAIL, LFDLBORE LT,
Table 9. Organizational and Operational Boundaries

A%k, ScopeEEICEWVTIE, CO2BLTEENGHG, T74hHHCO,
CHa. N:O. HFCs, PFCs, SFs. NF:ZHERRE L. TN ZNISHIG
L 7R RBEEA L2 £ T COMEEL LTHHEEZEET
BZTENROLNTND, LAL, RFICEVTET—2EFLOFHK
o, BERTIECOZHRLE LIEEEICLEHTEY, ZOHBDRE
RARIDONTIESHROFEL LTHEMT T2,

HENRGHG

TERPIEENMEROWEEB L, BNTIEUHZ - <&DF v
V82 (BKC) #&BTAFx v Y RRAEEFL TV, LaL, 2lls%
WHRE LIGHGHIHBHEEICLELFMT — 2+ ICEFSh LA
Vo AEFFIEScope3HEDWHANRAATH D enH. RRAREMS
FOZLHEEER L, HENREBKCF vV /S XITRE L7z,

Scopel, Scope2# & U'Scope3ZEHERN R E L 7=, Scope3lcDWLT
&, BFHEN BN LW EHBINDZ AT TV ERA L. TELEH
BEEZONDZATIVI~TERRE LT,

MRS

EBER

BRI 20245 E0LERE LT,
3. IMAfEXRFE (BKC) [CHI(F5 GHG HIEEHERRE
W*#%;@swm31%c_kf5mmﬁwm%@
Pl ka5, REEIZBT % GHG PEHEDHITIC
774%1~V£W%ﬁ%:Ahkb~&wvzyfy
FARER T D Z &AL 5Tz, FRTEARIC
PEOBEH TR LT TV 2 D ROPEHR CRIRDK) 4
a5, k%®%m#@ﬁ@%ﬂtifﬁ<m R ODRE
i« WEFITE O PEHOFZEN R E W Z LAVR ST,
Table 10. Comparison of Emissions and Shares by Category

(Reclassified for Emission Factor Application) =8 BB - EREESTY | RE—AHEY
(t-CO2e) (t-CO2e/ ) (t-CO2e/N)
?LE% ’;‘E‘%ﬁ (Pﬂ) Scopel 3,321 0.237
= Scope? 10,410
rEMZER (EERR) 11,262,625 Seops3 T
REARRA 1,983,112 Scope3[nF U2 12,691
N (BERESR) 21,466,988 Scope3| 7TV 3 2,561 )
Scope3| 77 TU5 60|  0.2% 0.000 0.004
= E Scope3| 773U 6 281 0.9% 0.001 0.020
7) »7IUT GEED Scope3| nF7 U7 558]  1.9% 0.002 0.040
TEEEE OMENTLE 5 28R ORI L A8 2% GHGHRE foir 29.882] 100.0% 0117 2.134
9%, ABFETIE, BKC ZAF %k¢é7w&4Aﬁ 4. fhXZEDEE
FRE A ktg & Uiz, TREIEITIE, 2024 4F 4 A RESOERT Tablell |, % & @ GHG HEH & - BIA IR TH 5,

(IS E R SN mEES N EL S shizcb oL

{Emz L7- 884 kG

B 73 DI % 489 5 (Table8).,
Table 8. Estimated Commuter Pass Expenses for Staff at the BKC

FAOHERHIE 2 Vo AJRE Tl

Campus in FY2024

o zozmssxcmﬁ REBE

L B4 EES &gt/ 6’75%55‘ i N
ECENY DUBNEHI— 2,000 44,000
I 311, 040 22,080
m/\z 0, 750 21,500
B = 1,165,690 2,331,380
ﬁgfﬁgnx [EE) 104, 320] 208, 640
BET8#EE 11,253,330 22,506, 660
ﬁﬁ/\z 59, 940 119, 880
MmO 1= —/\R 75.6 151,200 |
126,360 252,720
40,500 ,000
157,98 315,960 |
104,490 208,980
32,400 64, 800
279, 450 558, 900 |
,m:f 13, 843, 850 27, 687, 700
BESEN 6, 566, 230 13,132, 460
225. 750 451,500
601,930 1,203, 860
244,090 488,180
34,94 69,880 |
209,490 418,980
600, 000 1,200,000
121.020 242,040 |
17, 206,900
AR 387,200

8, 603, 450
193, 600

1
22, 640,900

3371 2??
45,281, 800

BKC (Z351F % Scoped DEIGIHMIA: & Rk PR ERAA
DN b BTz, FTo, AR CIIRREED, il
KFTIL Scoped h 7=V 1 @AM - h—ER) OEIE
MREL, SHREEMITHGTTREEHE Th 5,

Table 11. Comparison of GHG Emissions and Shares with Other
Universities [t-CO»e]*?

HE BKC AXZ BAS CA¥
Scopel
3321 33478 425 283
(KEAIH > DEHEHEE)
Scope2
10410 65,116 5 798
(TR F—ER0REIEH)
hFIV1
0GREE) 94,071 658 621
2 |mAg - y-ex) E
& (A7IV2 12,691 49,396 2,045 682
8 | ) : : '
§ [p7v3 2,561 16,367| OGREE 175
Z (k- TRL¥— 0 L) i i e
MEEETE
y 60 1,798 a5 8
4 |Emnons)
g [
o |hFIVE6
283 13,287 a4 62
& |(EREOHE)
w (77
558 2,083 148 274
S |(EEEOED)
1=}
* e 16154 177,226 2,940 1,822
2% 29885| 275820 3370 2,903
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5. HIREIE - R
AWFFEOREINL, W< O OfIFRFEF L UGHED
FET 5, £7°. &N (&R0 Zefil e LT, A0F
JUTEE G % BKC B —F v X RIZRRE L, IR=EZR
T ADFERAIT CO DAIZFRE L TV BD, Scoped (Z-DVNT
WIA7T 3V 1006 7T ETERGE LT, 2024 FFED 14
MIZOWTORREEEIT>TCND, ZDI=H, v
IRANZBIT DHEHPRI RS, BRE R CIIRAETH D
Scope3 DFEDD H1 7 T VINZHONWTIIBETETED
T KRR E Lo GHG Y B4 Iz 3512
STV, 2B, &7 VI 5 BARN72H)
FREFTECAREIZ OV T, Tablel2 (ZHEHE L TR,
ABIE, TEBIET — & OEHORTFOFREIZEN L7k
HIF N OREE E 2D D & & BT, FEEiH 2 Bk
WZIER LTV Z & T, X0 aFER- DRSO GHG
PEH BN ATREIC 2 D LB 2 bd,
Table 12. Limitations and Challenges in Each Category

1= FIPRZIA - BRRE
ARIFCHAHFCsZ2 & CO 2 &L 7TREDREMR
Scope 1 HADHRIEHD, RRARTIET—REWICL Y, #BH
(KD S DEEGE) |5 XOMBIHES COBEHEOAEEE, HEHEAB/N
Rt & R B ATEEED B B,

BIGA Z 2 — G LT RB TR A K EEELRDSE
BEFERALTHEY . EROFERLLE ORBICLZT
BEUEHED,

Scope 2
(TR F—EFEOMIEIEH)

HFITY 1K BEICBELAZER (REECEBSNBAET—
BBALEER - Y— |2 PEEIACEOT. EERHE, AMERTIIETE
ER) WHRHAELTWED,

200EETIFNAF T OV T A T DREHITHNT
BY, TOREICLYAEEOHHEMMENMICKE
hFaTY 2 CEESNTVWRAEENN H D, 7o, BAHELE
(BAED) ERDPSBEAFLALRE, PHOEARMEEUEL
TWBHE, FIRBELDETILAYT Y bAEL, B
HEABAICEESNTWAEREMLH 5,

RPGNEBH BB EZ I T W oo, R (38

(m;f;iii_m THR) BLUOBNOREEENRE LTH Y, Bt
) BERBT2RP L ANTHEBIAS CHESNT
WD RATEEMED S 5,
A, A7) ICHEREE R CRBEBAT 5
AFTVAX  |cETANTTUOHKELERTESS, HT Y

(3% - B (BR) [IWEERETH D70, FARRTRATIVAON
THLHEERRIMNE LT,

FEEYEEER (B<TH) TlraCRBAEL %

Scope 3
(Scopel, 244 o REREH)

AFITY5 BEAMEE) ISR EAICHE L THRRERZER L TL
(FEEY DNE) B, LYEMASBEICESCEEICLBBED L
NEHDBETH %,
AW BBEXHRET — X ICld. EROEFENE
HEINTWEHENH D, FIZIENREKENEHES
H573TY6 NTWBHBE, REROKRE LA ROEERE L TCER
(BREDHER) LTW3, Z0fth, REBRICIETHEERELH 5,
o, BEENRIE7LZA LBBEICRELTH Y,
ZOBORABECREEEENTULAEL,
AR TIE, 2024 F4 KR OEFICEDEEHSI 1
T-BEEH (60 8) AV E2EZHRENHDE LT
b= EFFLAHMEZFBHEL LTAVWTE Y., BEYEH
(EREDHE) |(BRECZ(AE, EBROBHEEE +HICRRTE

TWHRWAEMAH D, £/, EEFRIENATIVG6
EEERIC, TV RALBEBICIRELTWS,

KT — I & 0 REE

TERTRN « R TR T H S
FIF LI R im S (2026.3.4)

6. F&BH
ARFFETIENLANER R BKC v L /SRR HIR=ER)

A ABRHROTE AT TR, DL F ORISR

7

1) BUEDRER, Scope3 PRHEABIRDH43 LA R4 D,
RFOIRZEZNRAT APEHEEI BV CTEHEERE A 5
OTNDLZERPBMNERoT,

2RI T Y 2 DARF ¥ L/ XAUIZBT DI KROPEHR
Ty, EARHIERR LT % T L
RENT,

3) MKFOREEFI S EZ D L. T Y 1 Scope3
DT L 727 WIHEMEDSE < | S HOTEN S
ELTHRETTOERENREVWEE X NS,

R - BEXE

1) Scoped3 DREEHATo T DIHERIZRIFDOFRIN G, KFAZEBT
DEEARPEHFEA Z N OIER L TN DT, iz, BKC Fr o8
A0 2024 FEE 1 RN~ T2DiF, T — 2 BUSO alfelE & E 8
T5 L L HIT, Scoped DREENARZTIIND TTHD I END,
KGEBRET D 2 & CREORWIEFER A BT 2 2 L 2 B/
LT3,

H2) BRFETBWTRERGHECRE IR D, A KA
T HEF v L/ SRAB LU HILE ZHERG L LTS, 2070,
FUERIGEPADEMZ LY | BKC OYRHEI AR NSV S L
THEESN TN\, Fio, FEEmERC LS PEHEREIZB VT,
BKC 1 EERINT K EDN /P HE L THREZ A L T2 DIk L,
M CIIFEEEREH Z L 2 LV e A T TV D, 2D
DOFLEFURORIGHRHOE DY, PRSI E O L 5
ZTNWBLEEZDBND,

1) L, REEEE. YT IA T —UHRHES . TV —
Ve a—F =TTy b7y —A (HEH 202641 A
23 H
https://www. env. go. jp/earth/ondanka/supplychain/gvc/estima
te_03. html

X2) BAFRr 7 by MHOMESBIC LU TR BREEA. YRETh)
VT A Fx— ARHEEE. 2016, p.2.
https://www. env. go. jp/earth/ondanka/supply_chain/gvc/files
/tools/Supply—chain A3. pdf

X3) HEERFEY AT AT U T R AmERE: GG A
RN 20227 L AGEEEREE, 2024 4R 10 (2025 425 ASGT
MO . (%R 2026451 H 23 H)
https://www. sustainability. hokudai. ac. jp/wp—content/upload
5/2025/05/202505_HU-GHG—Report_vl1. 1. pdf

4) THESRIRY:. “THERRRECRIT 2 GHG HEHE (FY2023) 7 .
THEPHRIRY, 2024 4F. (BTER : 2026 4F1 A 23 H)
https://www. cuc. ac. jp/about_cuc/activity/environment/racet
ozero/mstsps0000030h85-att/CUC_Race_to_zero Publish FY2023
. pdf

5) SNEEBERFIRE. “CoDOH R A & HEHEERE"
BeR%, FERB. (¥EH 2026451 H 23 A)
https://www. kankyo—u. ac. jp/about/environment/decarbonizati
on/co2/

6) BREEE - BPEEE. VT IA T = — il UT RS A A
BEHESEEICET 2 AT A R A2 (ver. 2277 . JU—r -
WY a—Fx—2TFT v b7 r—20, 202543 4. (HEH 2026
F1H23A)
https://www. env. go. jp/earth/ondanka/supply_chain/gve/files
/tools/GuideLine ver. 2. 7. pdf

XT) BB - REEES. VT T4 T = — a2 U RO TR =)
RN AYHEOFE DI O OYRHFEANL (Ver. 3.5) 7. 77U —
Ve a—Fx—r - FTy hTr—2h, 202543 H. (B
H :20264F1 H 23 A)
https://www. env. go. jp/earth/ondanka/supply_chain/gve/files
/tools/DB_V3-5. x1sx
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D—IFa1—T%HFT HEMETORIEEEIZF T =REERIZE D < ShEEET
Effectiveness Verification Based on Environmental Measurements

for a Renovation Plan of a Museum Equipped with Cool Tubes

Ot Bk (SLanfiRE) A BT (GLAREERT)
AT BEAC (PFh TESE) JFHE At (e TES )

Ryuta NAKAI*1 Tomoyuki CHIKAMOTO*1 Tatsunori MAEDA *2 Takuya HARASE*2

*1  Ritsumeikan University *2 Takenaka Corporation

In this study, we investigated the thermal environment of a museum equipped with cool tubes, located in Ueda City, Nagano
Prefecture, where global warming is causing increasing heat and humidity, through environmental measurements, and
examined room temperature predictions when the cooling capacity of the cool tubes is enhanced through renovation. This
paper reports on the assessment of the thermal environment through environmental measurements, the calculation of the
cooling capacity of cool tubes, the development of a room temperature prediction model using multiple regression analysis,

and the evaluation of the model’s effectiveness in predicting indoor temperatures.

[FL&HIZ

ITFEOHERER LIC L5880 | BBR EEMICE Y s 2
WTHERSZBEN AL TV D, Aifild, EEORER Storage Gallery
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D, PEROBREHIETE TIIEFICBIT 2B XIE LI &

BIETEORAER, ZEOWEN E 72 IR OTEEN | A i
/I A
_7 = sl

THEIND, Mz TET L —COPRERENEREEN l
ROLNTEY, FNoEMETRENEETHD,
£, LR REY TIZARE= R F—% UV TZEN
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Cooling air through heat exchange with geothermal energy

BHRAIETELE LT — T a—T VPREAIR TS, Fig.1 Overview of Cool Tubes
AMFFETIE, BREEISHNC K DIRERE DR LU ‘ o
RS AN BUR D 7 — VL F 2 — 7 DZEHRES) % ol Storagg Kom

(2 Ko THIIN S /7258 O=IRK T2V TORNERGE Gallery 2
ZHWE LT, 72— NTFa—T72HOTUER/NEOT
RVF— PR 22 A BRE Y LT, 25 R /AN &
HEME TICHE LTRAZITV, BUFO 7 v —T3%i
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Gallery 1E

Gallery 4
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Passive Daytime Radiative Cooling Material Effect on Heat Load Reduction

and Thermal Performance Verification
(part 1)Study on Calculation Methods for Reducing Air Conditioning Load Effect of Roof-Installed
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The cooling load of buildings is significantly influenced by solar heat gain through the building envelope. Previous studies

have reported that radiative cooling sheets can reduce indoor temperature and cooling demand; however, their effectiveness

under actual year-round operating conditions has not been sufficiently evaluated. Therefore, this study aims to investigate

the seasonal performance of radiative cooling sheets and to clarify the influence of outdoor climatic conditions on thermal

loads using hourly meteorological data over an entire year. A time-series heat load calculation tool was developed, and its

validity was verified through comparison with measured data obtained from an existing building.
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Fig.2 Floor Plan (1st Floor [top], 2nd Floor [bottom])
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Fig.5 Flowchart of the Calculation Procedure
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Fig.11 Comparison of Heat Loss and Heat Gain Components with and without Radiative Cooling Sheet (Sendai)
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Fig.12 Comparison of Heat Loss and Heat Gain Components with and without Radiative Cooling Sheet (Kagoshima)
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BEAE S — MK DEAFHIBRN R & B tae
(55 28) CFD BT Z A=/ 1 VA U NORRIRERRNT & ZIRATRHIRZ R IR
Passive Daytime Radiative Cooling Material Effect on Heat Load Reduction
and Thermal Performance Verification
(Part 2) Thermal Environment Analysis of a Pavilion by CFD Analysis
and Verification of Air Conditioning Load Reduction Effects

OF:VIII (NLAEE RS AR T (LAEERT)
% NE QYA N2 BB IR
ARt FR (SPACECOOL #RAzxtt) /NPE EB (SPACECOOL #kiaxtt)
WeZ thJt (SPACECOOL #Rizxth) KR & (HERGEH

Tsubasa ISHIKAWA*!  Tomoyuki CHIKAMOTO *! Myonghyang LEE*! Nanase HAMA*!
Masahiro SUEMITSU*?  Jiro KONISHI*?  Yusuke HACHISUKA*? Osamu NAGASE*3
*1 - Ritsumeikan University *?> SPACECOOL INC. *3 Nikken Sekkei Ltd.

In recent years, reducing cooling energy demand in buildings has become increasingly important under urban heat island
conditions. Heat gain through building envelopes is a major contributor to cooling loads, and passive mitigation strategies
are required. This study evaluates the effects of a passive daytime radiative cooling (PDRC) sheet on indoor temperature
and cooling load in a pavilion using CFD analysis. Heat-flux boundary conditions reflecting the thermal characteristics of
the PDRC sheet were applied and multiple envelope cases were compared. The results indicate that the PDRC sheet

suppresses indoor temperature rise and reduces cooling load in summer and mid-season conditions.

[FL&HIZ 1. HAREAREY (Figl)

I, BMCBIT A e — N7 A T > RBIGOBEE(L AMFZEL, KK - BEIVE GO 280 ¢ U A Bkt
HEIC COMEHEHIHD TR KD BTN D, W) T H—=F 0 RextG e+ 5, BHmET— N OMERE
S HS BEI D52 HENTZETRARTHIMO R TH Y | BARIHEHT L =AIBHEa OEIIR TR S LT
AN BADIRI I EE 23R & LB T B TnDd, B0, NEROEE B FE) B IR Z 8 U ORI gE
ZOEOEROS & TR AMERE HRY S L
TR IR AN B C o D mEI — & D (Passive

Daytime Radiative Cooling Material) 72322 X410 CUVN 5,
ﬁy— v 95% & AR L O R A
- BRI L?’ﬁﬂ%ﬁﬂkLﬁu@%b VIRAMER & LT
Z) Z & T HHIZRWCH R EIRE & AR T
IRIBATREZRSNEFM T D, B0 AT, R — FEHWZ
T~ FNE OB 255 & LTz CFD T 2170 N,
FEHTHE S & FEAIE & D ik 218 U CRT FED 24 %

mEtaEs— b

"2l

BiEt L=, LvL, Ro— P EIGA L= FEZEBEOBEY)IZRB i

VT, ﬁ&%ﬂ‘\fﬂ/~ R ANEPREL S K OERR AT I E wipms . |[ERE: SE IBRT
7 s DN B e R R Ea= AN TN i Ny 7¥—F . TLNTE RRT
ML%E’éi % I IR - BV D < 17 ¢ 1 A (B & : 17.57m)
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BT 2 2 L2 A ET 5, Fig.1 Schematic of the Air-Conditioning System
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L. RIR & H L DR a3 LT, N
EBICIE Return Air (LLF, RA) #27 M Z U —MRE ST
BYO, REY NI LTRI L2252 2S5 L0 4
AL, SupplyAir (LLF. SA) IR BRI K- T=ERIZHE
MIND, Fo, R TR RO EFIH LT
B B AT KA ZE R THIH LTc o b, Eisiai
BASDIRIEZAT> TN D,

2. BREWFZEAOBUNZADIEE
2.1 Bz #@=E

FEHAHEI — MZ X 2 BPNIRERRSC2 R AR I
DUVVTHAR DB, B DNLFEM Z G T & LTz Case #%
ENNE L0 D, £7-, BNERBEZ CED i Gt d 2%
ZIX, REDDFAET DGR 220 LIRIRESE R %
BRETHHLERH D, L, AW ORESE B L OB
OFNC L 0 RIEFERTHMGRD T, 2070, [R5
T ENIRIE EAVKUR, HEEZ AME & U BE ek
TEOBUN A AAEEE LT (Table 1),

KREHD CFD TSt T, Bk J O Riic ki
2 ZEFRHEATRT D B — 7 W72\ UIEIE B — 7 B2 fHT Case &
LTW5728, BN A ST D81 d RIS T
D EFIRIBEEAE LTc, EHEARIEZBUE U155, IR
TRIRFEA LIS K OMEARNEIA~DOBDERN 2\, 72
BANERD HEEAF I A - T DGR L BEAZ @MU T
FENSPUT TS BGRENFE LUVRIEE LTEXDHZ &
NS, 2oL & AEEITHIT DB, BERPNTETD
B I2WEH TOREAD 2 TIZBUWCEVEAT RS
T5, £oT, BEEICBT 2BERITDRAE 25, F
7o, EFEIRRE T HIUL, FHEED DA ~TEAT D
Tie | BERSE AT LB EVEDE HNEL D, &
ST Rk HEE R (LU CFD fifr % E L 9°5,)
B(E) BTN
2.2 BUNZ FEERRET

BN U BT AR RRRE T, B L7 REEOR
JEZ MR T 2 DIXREETH - 72720, ROT=FREEND
FENBLOEANORMRELHH L, A — FEHL
TARGRALT b OFEREDILE 2 L Hlt L, =N
ORI IT R L TN 5,

@Rk, FEEENEE E AU, BIMUOF R
ISEEWNZRHNATRE L 72 D DT, AP D, F
7o, FEEGE LBERAN TN A BMAEREITZE LV O T, (1)
X EQ)AZE AN TENUORIRE ZRD D Z ENTX
%o £oT, (6D 3,

Fig.2 |2l L OESMAlO R miaE i &9, W
FTHORMERE HFA3CCRREITINE D . —ERREOREE
IHERTE T, Ko T, ZOEUEANSANSED CFD
FRMT OBERSAEOFE L LTV,

GRS - i LT

IR SN (2026, 3. 4)

Table 1 Formulation of the Heat Balance Model

qun + Qrad + Aconv_out
Q = chermal conductivity
]t_in + qconv_in
ZZT,
Qsun = as(Jaw.0) +Jso) + Jr)
1)

Qraa = (]a _]t_out)
Qconv_out = %o (SAT - gsurface_out)

1
SAT = eout +— (qun + Qrad)

Xo

Q = Qsyn + Qraa + conv_out = K(SAT — gin)

_ (ai n % + aii)_l - (SAT — 6;,)

K(SAT-0i1)—(Qsun+Qrad)

Hsurface_out = SAT —

Qo

L
Hsurface_in = Hsurface out + z Q

XH; = Co P Qrai- (HRA,i - 95A,i)
< LB >

Qsun * ARG [W/m?]

Qraa © TR W]

Geonv our © BIMAIMCEE (Wi

chermal conductivity : %Mﬁgéf‘% [W/m2]

Jein @ T B O & [W/m?]
Aconv_in * ilj\ﬂ,ﬁ”;d‘(ﬁ{f\‘?&% [W/mZ]
as : BERIGER (=0.05) [-]

Jago,a) : ELERSKE [Wm?]

Jsoy + RZER ST [Winr]

Jroy + B REE [Win?)

Jo @ K& W]

Tt our : HHDORIMAKE & [W/m?]
a, @ BIMAHREMEER (W - K]
SAT : FHMAVKURE [K]
Osurface out * EIMUFHEIEAE (K]
Ooue : FMSIR [K]

a; : EIMAUXRHREMAESR [Wm? - K]
K : BEPR [Wh? « K]

0, 1 ENIRE K]

L:>—MEE [m]

A BMmiEER [Wm - K]

Osurface in  FEPVRIEREREL [K]

Cp : 25N [Tkg + K]

p : ZEXIETE [kg + o]

Qrai : RAJEE [m/h]

Ora; : RAIRE [K]

Osa;i © SAIREE [K]

e

.2

.03

e

.5
..(6)
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Fig.2 Comparison of Exterior and Interior Surface Temperatures
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Fig.3 CFD Analysis Model
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3. CFD i E

AWFFETIE, BEEZE 2 X0 CFD T oBE RSt D%
UPEZHEER L TD 2 EnD, S HMHEICIT 5 HE i
[CEADEBER AN LT BN E R 2 HE L, Bt
BER&MEL L ThH2D L LT,

AFRATVIRE ORI BRI K DM AR & flms 3
Bz, BEmMERRZ 18 KHEIZ/yE] U CRR R RS %
FRE LT Y A EI — S ORISR D725, i
s & FEFEIED 3 Case 3% E L7- (Table2), F7=. HFH
H~D HE S R LK EDOE N EBE L, K
s 2 N ENE 2 9 I CGRIEAGR) | 12 R (E5AS)
15 BF (FERAGY) . FPRET 12 B (OMVRUR DR ST
@ 4Case=7} 12Case & L7~

Table 2 Thermophysical Properties of the Building Envelope Material

BBIR | FEBIR | MAREAML— b
RUR=E o | 0.05 0.25 0.05
RatEp | 0.80 0.75 0.95
BEi@gEr | 0.15 0.00 0.00
WatEe | 0.95 0.95 0.95

Table 3 Numerical Settings and Boundary Conditions for CFD Analysis

EHAB BREEH
e NI YFUER
AR AT 8 1 27m (x) x38m (y) x17m (2)
EABRETIL E#k-c ETIL

e - HERE :2Tm (x) x38m (y) x17m (z)
AUV aRB e s a8 6650884 v a
BHREALX—L |[—XREERL
R AT IR mh. B, EEat
TE / EEE |EEHEN

R

R EA126%

Fig.4 Spatial Distribution of Air Temperature (Left: Post Exhibition Room 2; Right: Main Exhibition Room)
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DNTIE, FED RA ¥ 7 NGA DRI DOZEKIRED
28°C L 72 HBED SA WEAZEKIRE &Mt LT, APiEhE:
H; OFER % Table 1 D(6)RU T,

4. CFD iR
4.1 REMRIBLE

CFD f#HTIC L 0 B U 7= BRI EE A OFE R % Figd 1<
R, FEERS L ORGSR T, EEOm B TS
BOWTKRIMHE AL E U SIS B S5
DIz L, B A — b ClidE s & BRiEfthI s
VARV MBS L D AT, 72 R Gl 3 C Ry
2BV TIREE EFHIHI S Tue,
4.2 SHEREHODEBEIZKLZERAFLER

SA WHRFE DOFERZ Figs (R, T RXRCORERET

HEHAHI— R TlE SA RIBERE L 2oz, ZiuT
4.1 DFERL 0 | A— ML o TAS B EED I S
N TEEBROZEZIREME MR S LA 728, SA KHIR
FEVHE < A3 2 LB Ao u N, F 72, WU O BERS
Bk, RSO TSR A — N COMEEEE
DMRUVER L 72 o 72 (Fig6), EIRITISIT B WLEHELEH I
hE L LT, FEBmiE & e m A — N & ORITI 18~
24%, BB L EHAEI — B & ORTIE 34~39% D7
DSMER ST, Bl K OSESEE T, A5 0%
[ ANE RV UBEEE 25 vl N A 1 e R G VA RV ol
% Uy AR — NIRRT L OFE S R
T LE LRV ZERE IR E A R LT,

5. F&&

AWFFEE, KB - BAVE S/ T 1 U A 281,
AL — P DSENIRPERELR L ORI 5 2 D5
BARGE LT, BTREERA 2 vz CFD ffiric 0
SR DI DR Case Z L LT-RER, BEFB LD
PRIV T, BEmEIY — b TiddRgZiiikds L 0%
WP LE AT ERPRREE BADMH] S AL, 2EF A D MR
SNBSS T,

LIEJ Y BESRHEI — ME ABIE TG & LIS
FAFOFPIINT, S 2 LI BRAIISNCF 5L
FENIRPERE O L O AR5 —ED
ARMEZ R ATREMED B D Z & VIR S HUTZ,

IR -2 EXH
HD R THIUT, Wk D ORUR BIXREREN SR MT 5
23, AENIVRIR & RIREOZEIM N EGE L., AR
IS Uz, RISERAA R,
Jrout = 6‘0’9surﬁl£e—out4'=. 80'90ut4
H2) EENCIIBSEEIS — b TE RS ISR — R
LT A=) (BiEWS) RGN L Lz,
TE3) OB I L TS 7 BRI L Tl b7, %2
A K DI DI & LT,

LIRED - A T s
WA FE s RS (2026. 3. 4)
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1) Masahiro Suemitsu et al.: Expansion of the Market for Passive
Daytime Radiative Cooling and Future Perspectives, Construction,
Energy, Environment and Sustainability: Proceedings of CEES
2025, Vol. 2: Energy, Springer Nature, June 2025, pp. 11-18.

2) EWES  HEEHIY — M & 2 BRI EER R OB fiTH|
IR OREFS L ONCFD TS K DI T o b OFRIEARYT,

AR AR R AGERETE (BT D, pp.1737-
1741, 202547 A
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RERZBEICE T O2WBBRMBARE Y BAILLD
RAENHESHIEMRICET SR
Study on the Reduction Effects of Lighting Electricity Consumption

by Introducing Slight Motion Detection Sensors in a University Library

OFI - A (MR HAT L (PR
EHOEA (R Prwk ekt (PR
Ritsuki YOSHIKAWA*1  Yusuke TADOKORO*1
Naoto YOSHIDA*1  Hideki TAKEBAYASHI*1

*1 Kobe University

In spaces like libraries where users can freely choose their seating locations, usage and occupancy patterns change over

time. In such spaces, lighting may remain on even when no one is present, creating potential for energy savings through

appropriate shutdown. Therefore, we will verify the effectiveness of reducing electricity consumption through automated

lighting control by introducing slight motion detection sensors. We will also examine spatial conditions where higher

reduction effects can be expected.

1. [XC®IZ

XIEAE e EOFIFAE 2 BRS8N T & 528
FCIE, R L 0 AORIFRAAZ LT 5. 2D kD
727 CIIAPAIE T AN R L CWDEERH D,
BYETIC K DB =L DO RREMER 5 5. i
A NEE VT, T A7 U— 7 B8 & 2/
L, TERERORNET 2 5720, FIHK2E H
TADBEDVDIRNEIERED K 9 7222 ~DE i L
TW5.

EMR AT NS RN K AE =R 2R
RRRESITA 72208, B S VISTERESR 90%R1HE DR
FETRI M, KRR & BOLER ORI Y T, 1R
R S0%RITHSE DFHE TR 35%0DE TR X —Zh A e
RBEINTz. EREOFEIVNEINS.

ABFIETIE, MR BIREF PR KIEAE I N
A U CHRTEE /T B B OH B AR 2 SN LT
ZERAD FlRROKIF D A 20— )W L B EIEEh 055
oL, HIBEhROEWZER, SMEEELE L

2. W=

FE RS H SRR BERR D 4 SOZERIC N v
Z%E L (Table.1, Table.2, Table.3, Figl, Picture.1),
HREA D B BN & 28T SO HIBEIAR A MGE L7z
YA LU MNAR—R, F T4 Ry RIZEE, BAX
—RITEBEONE, BIASERITEEO IR THD.
BRI I IR D IS AT N o 2iRE L,
ZHLISNDZE NI IER T Nl P 2348 LT

YA L b A=A IR DO ) TITHEI SN TV 5.
B UV ORIBIREE, YONIBSERRETL 5 5y, AR
HITGIE 16 4MT3RE LTV, 2025 4E 8 A 26 H 1T
BRAETIE 1 4y, INfRRETRIL b S0 LTz, BTN
DOXRZEM O 7 L—h—2 WANZ CT Zi%E L, 1
SYEOIEEET), 1 WEORERE HEEATE L.

Table.1 Objective Building
Building Kobe University Library for Science and Technology
Comp letion April 2023
Floors 4 floors above ground
Total Area 4,169 m?
Weekdays 8:45~20:00
3rd Thursday 13:00~20:00
. Weedends 11:00~17:00
Opening Hours
Weekends before Exams 11:00~18:00
Weekdays during Vacation 8:45~17:00
3rd Thursday during Vacation 13:00~17:00
Table.2 Objective Spaces
Space Space Use | Total Area | Sensor Type
Silent Space Study 94 m? Slight Motion
Online Pod Study 77m’ | Slight Motion
Tatami Space | Study / Break 36 m’ Slight Motion
Open Stacks Stacks 57 m? Wide Angle
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Table.3 Details of Each Sensor

Sensor Type Slight Motion Detection Sensor | ‘Wide Angle Detection Sensor
Detection Method Detection of Infrared Level Changes
Detection Sensitivity lcm —
Off-delay Time 1~ 10 min 10 sec ~ 30 min
. . 2.4m~3.5m
Effective Detection Ra . . . .
e(cVIeV:ical ;;::im)nge (3%No Slight Motion Detection 3.5m
Between 3.Imand 3.5m)
Detection Range Beam-shaped (3.6m*3.6m) Beamrshaped (9.8m Diameter
(Horizontal Direction) (% At 2.8m Installation Height Circle Directly Below at 3.5m Height
& T | o
B8 =
|
i Ll Eh,

Open
|| Stacks

|= __f%_

Slight Motion Detection Sensor (Master) " :“ﬂ“
I pace
Slight Motion Detection Sensor (Sub) —= (North)
Wide Angle Detection Sensor (Master)
Silent
EI Wide Angle Detection Sensor (Sub) Space
(South)

Online Pod

-
=

Picture.1 Objective Spaces

. BIHEBEDOHIFEZR

%\ﬁ%%fzf”i kB Té IR (2025 426 H 21 A~12
A 31 B) © AR RIS S & & 2 OHlE KO
I Fig2~5 Jjﬁ‘. BRAEREH] R FRIA S IR RAT L
TV S RE LT E L i L’Cﬁ”?ﬂig%ﬁﬂj L7z 4%
ZECIT D, KRB, FHWARSEHIR ORI ) #
BEOHIEER% Tabled 1277
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FoTA Ry BT, FIHEOZEH OFEEIR
B EHIRERIL 0. 4kWh/ H, 11 1%TH Y, HHEEERIIRE
HChs. FIHEODLRVRR, EHAREHMO ]
JERIL 38. B%C, FEUE(R A 32. 3% L IXHOEARE .
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BAR—2TE, FIHEOZ A O & 4
JERIT 0.6kWh/ H, 26.2%TH Y, FIHZEDDIMAH,
EHASEHIM O LI IRERIT 63. 26T, HEUHERZE 29. 1%
EIEHOENRE.

BAASEIEE CIY, FIHE DL A O & HI
L 2.5kWh/H, 72.8%TH YV, FIHEFEDV/RVMAH, B
ﬂﬁbk%@%‘i@%’ﬂ%ﬂﬁ%k BRI 1. 9kWh/ H, 87. 1% T

W B OZER LD KE .,

Table.4 Average Electricity Consumption Reduction Rate

Average Reduction Rate (Standard Deviation)
Weekends &
Summer Vacation

Space
Weekdays

Silent Space 4.8% (SD :5.7)

21.7% (SD : 19.9)

Online Pod 11.1% (SD : 8.8) 38.5% (SD :32.3)
Tatami Space | 26.2% (SD : 14.5) 63.2% (SD : 29.1)
Open Stacks 72.8% (SD : 7.7) 87.1% (SD : 9.8)
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BERERAA YY1 — MI&D WBGT BEHR
Ayad—rOBLEFAORDEEIZET SEBRMMR
Effect of scaffold mesh sheets on the reduction of WBGT, An experimental study on the

influence of color and opening ratio of mesh sheets

OmH  —Jt (KBXANEREE)
(LR M ON AN NG D)
Ikko TANAKA*1 Minako NABESHIMA*1

*1  Osaka Metropolitan University

i SRR (KIRASLRS)

eI ok OR VRl AL
Masatoshi NISHIOKA*1  Makoto SHINOHARA*2
*2  TORAY CONSTRUCTION Co., Ltd.

This study experimentally investigated the effects of scaffold mesh sheet properties and mist spraying on WBGT in a

simulated construction scaffold. Different sheet colors and types with known optical properties were compared under no-

mist conditions to identify the most effective sheet for WBGT reduction. Results showed that transmitted solar radiation

significantly influenced black globe temperature and WBGT. Sheets with lower solar transmittance achieved greater

WBGT reduction. Furthermore, mist spraying reduced surface and air temperatures through evaporative cooling, though

increased humidity was observed. The findings highlight the importance of selecting appropriate sheet properties and

optimizing mist application.
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Fig.1 Overview of the Temporary Scaffold Setup
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Subject Experiment on the Effects of Vortex Ring Translational Speed Variations on

Occupants' Comfort in a Personal Air Conditioning Full-scale Supply Unit
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Yusuke YANO*1 Tomoyuki CHIKAMOTO*1 Kakeru SUGIMOTO*1

*1  Ritsumeikan University

Pulse airflow control using vortex rings enables efficient delivery of cool air directly to workers with a small air volume.
In this study, a subject experiment was conducted using a ceiling-mounted vortex-ring ventilation system to investigate how
changes in the propagation velocity of vortex rings affect occupants’ comfort. As the propagation velocity increased, the
perceived airflow sensation became stronger and thermal comfort improved; however, when the velocity exceeded a certain
level, the intensified airflow caused discomfort. These findings highlight the importance of optimizing vortex-ring

propagation velocity to achieve both effective cooling and occupant comfort.
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Verification of air conditioning effects using actual measurements and CFD analysis in an all-

air floor radiant heating and cooling system

Offsll A (FrhTEIE) K| H& (TP =M — (P
IS B2 (TP TS FE BE (TRTEIE) B Rl (Frh TR S)
Masato FUNAKOSHI*1  Eiji OHKURA*1  Hajime MIHATA*]

Toshihiko SAJIMA*1 Haruki NITTA*1  Toshiki SHINNOU

*1 Takenaka Corporation

This study verified the effectiveness of an all-air floor radiant heating and cooling system in terms of energy efficiency

and comfort using field measurements and CFD analysis. The use of floor radiant air conditioning has demonstrated potential

for achieving more comfortable indoor temperatures and relaxing upper temperature limits through efficient climate control

in occupied zones. Furthermore, it had shown potential for creating draft-free environments, contributing to the realization

of spaces with reduced discomfort caused by airflow.
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Table.2.1 Comparison conditions for flooring materials.

Type of Tatami
12mmTatami Washi(1mm) + DAIKEN board (12mm)
30mmTatami Tatami grass (3mm) + DAIKEN board (15mmx2)
340mmTatami | Tatami grass (3mm) + DAIKEN board (15mmx2+10mm)
@Tatami Tatami grass (3mm) + Rice straw (50mm)
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Fig.2.1 Floor plan of the target room and measurement points.
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Fig.2.2 Calculation concept of all-air floor radiant heating and

cooling system.
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(c)Temperature and humidity of the return air from the air return vent

and air conditioner.
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(d)Processing load due to convection and radiation.
Fig.2.3 Result of actual measurement
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(a)Floor radiant air (b)Ceiling-air-discharge
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Fig.3.1 Model simulating the target room.
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3.3 CFD fi##rHER
3.3.1 RRMEEE
r“i%@ﬁﬁ?@ttﬁ% Fig3.2 123, HHICIE, RS
ZEIOLGE . RFAILE DS 22°CREETHH DKL,
RIFR L 2SR DY AL 27°CRREE T D FHIRFEIC K
XMENHERTE 5, AW, REERZEHOEAE
25.5°CREEE, RIRH LZEROS AL 24°CREEE &L 720 |
1.5°CREE DN MR T X T,

Summer Winter

i (— T~ T

(a)Floor radiant air conditioning
Summer Winter

1

(b)Ceiling-air-discharge convention air conditioning

s

— |
] | |

) ||
—

Fig.3.2 Surface temperature comparison.

—a—Floor radiant air conditioning —o— Ceiling-air-discharge convention air conditioning
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Fig.3.3 Average vertical temperature distribution on tatami.
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Fig.3.4 Surface temperature comparison.
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END &5 ARZERITIE, AREIC LD ME~DFEES K&
WEEBZLND, UL, ARETHRET D L7
ZEMCB W TRIERZZER 2 5 2 L2 LD ANME~D
HEIREWEEZOND,

@ Convective companent o Radiation compoment

4.0

30
2.0
10
(]
00

Floor radiant air Ceiling-air-discharge Floor radiant air Ceiling-air-discharge
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Fig.3.5 Treatment load due to convection and radiation.

_Radiation component R = hr - feff - AD{Ts - MRT)
Convection hr : Radiative thermal conductivity= 4. 7Wim?K. feff : Effective radiation area
c coeficient= 0.7 (Standing position) 0.75 (Sitting position) . AD . Body surface
area= 1.68m®. Ts : Average skin temperature = 33°C, MRT : Average radiant
temperature

Convective component € = hc - AD(Ts - Ta,
Radiation hc : Convective thermal conductivity =3.5 W/m?K, AD : Body surface area = 1.68m?, |
R / Ts : Average skin lemperature = 33°C. Ta : Air temperature
¥ [Gonduction Conductive component K = (AAL)(T: - T:)
A : Thermal conductivity (socks) = 0.05W/mK (wool). A : Contact area = 0.021n
(Standing position) 0.046(Sitting position), L : thickness = 0.002m, T. : skin
temperature = 33°C , T : Floor surface temperature

Fig.3.6 Conceptual diagram of human body heat balance.

Oconvective component Sradiation component Bconductive component
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200 528 -34.2 -38.2 -39.5

5 -40.0
¥ oo
- ————
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5 ==
5-100.0
§—1 200

-140.0

Floor radlant air  Ceiling-air- d\scharga Floor radiant air ~ Ceiling-air-discharge|
itiani ion air
ndllonl g conditicning
Summer Winter

Fig.3.7 Heat absorption from the human body via

convection, radiation, and conduction.
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PR T 4 RCEFERFARIBEBRBIAXICET 2R
(ZEM9) —TIRXFUERANEERERICK SBREHNRBREMEICRIZTEEICET SR
Study on Ceiling-Supplied Displacement Ventilation in a Medium-Size Office

(Part 9) Effects of Supply Conditions on Thermal Comfort in a Full-Scale Office Experiment

using a Thermal Manikin

O K& (KRPCRS:) AR R (CRBRORS) e gk (CRBRORS)

o L (KRBRKY) i HFE (KBRRT) AR B (CRBRORS:)

FH ek (CRBRORS:) R (XA THMR) WA Hl (X4 F 0 T3EM))
K EHEL (XA F TR

Taiki NONAKA™ Tomohiro KOBAYASHI" Toshio YAMANAKA"™
Narae CHOI"' Haruna YAMASAWA™ Noriaki KOBAYASHI™' Minari TANAKA™
Nobuki MATSUI® Tetsuya OKAMOTO™ Mari KURANAGA™
“'"The University of Osaka “Daikin Industries LTD

This study proposes a ceiling supply displacement ventilation system that achieves both high energy efficiency and good

constructability. However, displacement ventilation systems are associated with thermal discomfort issues. In addition,

under winter conditions, disturbances in contaminant distribution induced by downdrafts resulting from reduced wall surface

temperatures, as well as the influence of non-uniform radiant environments on thermal comfort, are also of concern.In this

study, full-scale experiments in summer and winter conditions were conducted . A thermal manikin was installed in a full-

scale experimental room, and the effects of supply air conditions on the thermal environment were investigated.

[ZL&IZ

AHFZEClEm =R fE TN - KR R E
B HAERET D, A" Tk, EEEOTICES
TRELDHAKIERBIC 5 2 DR DWW TG LTz, L L,
B TIE, EFREZESEILTO KT 7 MEEOE
I RPHEA RS S NS D, A TAHICRB O TIL, FME
[ C O TR K DIREE A0 DELIVOAE) — 72 i B
BEOGEE LTET NS, AT, BYIROAE %
AE LTo ERFEBRIZIBN T, HARIMERE & B PR o
NEEMERT HT2DIT, AT ¢ Ar AR LT FEREREIC
P~ RFUEEAL, FRRGMHDNRE - RS
K OEZEH OIRBERERIC -2 5 IOV TRFT 5,
1. EBME

1.1 EEREME

FEBRIT Fig. 1 1R T 89 e— iR Z2 B O A 7 4
AR LT RIS T T o 72, RITERHAE O Sa ~
Sd @ 4 P HERE R A X ITITVY, MfaXEIE 2160
m'’/h & U7z, PRI, [ U <RI Ea~Ei O 9 T
DOHERIT (358 X 207 mm) M DHATo7, HERE LT h—
~ /L~ 2% 2 (Comfort il , £ 83 W)1 {A&, [EAE 400 mm,
5 & 1000 mm O AR OIEEENA (75 W/AR)T IR, 5
#EPC (50 W/ ) % 18 BlidiE L7z, #A4IL Fig. 2 (T~
L OICHEMROAMNCIBIT 547 4 A TOREZEL
7o NMEHSROVGIYE % BT 572 CO, & h L—H—

HAEL L, B EFEEE 7D LS CO, & He % 62:3.8
TIRA Lo W A 2R AR _E i (FL+1,000 mm) 35 KO8
P e R F U OETCITELE LIz AR Uil L CORAE
S, CO, DRt % 163 NL/min & L CTE0RL LT, £7-.
BN LB BT Do, SN ANE -2 DREE %
B T RCTOBEHEICOWTIE S 50 mm DAY A 17—

LTWELTZ,
16.300
700 7.066 7.834 700 o
o 5,000 16.300 5.000 P 5 g
! / 12 g
2 e R
2| Ea = [
| Sepy — = =~ pg® Sam op,~ —F - - 1248
S T = e N
= ! 3
o 1 3
HgEb o N
" 9P~ #°PL, o N
ol W TP" S S
§ -
N ! &
L e -
Z | #°Pe T
a | Perimeter|Heating o0
- °“'g O T _Outdoor chamEer “We =
Air circulator 1] i
| N L | | | 5
irculation type temperature control unit
19201 3,520 11.560 | 3,520 12340 | 3,520 1920

Measurement point-temp. and CO, conc.

3Sa ~ Sd : Inlet ePa~Pr :Measurement point-indoor temp. and CO, conc.
I Ea~Ei:Outlet oWa~ Wh : Measurement point- wall surface temp.
OPerson simulator o Ha ~ Hd : Measurement point- wall heat flux
| Pc simulator ° : Measurement point- air speed
(a) Plan view
Pa~ Pc Pd ~ Pf Pj~ Pl
- -

- .- Pg~Pi

Pm ~ Po
Pp ~ Pr
(b) Cross-section

Fig. 1 Plan of the chamber [mm]
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Table 1 Experimental conditions
(a) Summer Conditions

Supply Supply Air Inlet Supply | Location of|
Airflow Rate Air Speed | Diameter | Method Manikin
[m’/h(per person)] |  [m/s] [mm] [-] [-]
_ : Case | 2,160(120) 0.65 540 v
(a) Summer conditions (b) Winter Conditions Case 2 1.440(80) interior
Fig. 2 Thermal manikin Case 3 2,160(120) 1.32 380
e €0, sore. Case 4 0.65 540 MV
"™ Pa-Pi  Pj-Pr Pa~Pi  Pj~Pr ﬁ;:mh (b) Winter Conditions
2450 @ w w u sz
@2300 T 2400 T Supply Supply | Air Inlet Supply | Location of
2100 7 2100 = 2100 4= 2100 70 | Airflow Rate Air Speed | Diameter | Method Manikin
1900 |- B
1700 + 1700 + 1700 + 1700 [m’/h(per person)] [m/s] [mm] L] L
1500 T 1500 Case 5 2,160(120) erimeter
13091 100 1200 1 Casc 6 1,440(80) 0.65 540 P
1100 + 1100 + 1100 + 1100 + DV —
900 |- Case 7 interior
700 + 700 + Case 8 2,160(120) 1.32 380 .
600 + perimeter
80 ] 400 T 200 | 400 4 Case 9 0.65 540 MV
@ 2000 ol 00+ 100t DV : ceiling-supplied displacement ventilation MV : mixed ventilation
20 0 > o h

Fig. 3 Vertical measurement points [mm]

1.2 EEREH

FEBRGAT % Table 11279, EHMEED T RZ 4 50,
KIMEEDFBRE 5 FMDFFI ML L, NT A= %
1 N7 0IZxT ka5 E, mRUEE (AR DER). A
AR E L, M2 TAHEEDOERICB NI —~L
T RF L OMEIZ OV T B IgEE L7z, faRiRiciksnT
ITE IR E T AT KR E R U ok R N
A L7255 (Case 1, Case 5) &, IREHEFXHD
TREAL v MUOKEKR A 2 L7254 (Case 4, Case
9) D2 &IETHIR LT, 728, THREAX v MDA
MZBWTIIm R E Lz, —< I/~ F U DOAE
\ZBW T Fig. 1 (a) |ORT X o IcfiEsia=z=Icr< ., 4t
FE AT DR 2 1T Y A —2{H] (Vd 1T, Case
5) &\ RSN AR O L ZIFIT WA T U T
A (Vb £13, Case 9) |ZHCE L7z 2 S Chui L 7=,
1.2.1 ERNEBELNREFOELHRE

HHARE OSERRCIX, EBR=IZH 1T 5 FL+1,100 mm
DZEZIREN 26C L 72D K5, MRIBELAZFEL, T
RTOBEHIZBWTHIEN L7, 49, AHRE D FHEER
TILHEBREICH T 5 FL+1,100 mm O 22516 oo B 1
% 22 CL LTV, HEANKELSOJEFHZER O
BERAES, MATLERBANKREL hole, £ T,
FL+1,100 mm OZE50RE H i 4 27.3 CE CHR S,
FESNEZ LIGN > & DBED Bl A AR L. PR =
B 2D K OITRE LTz, TORS, Ak
ERETH D 22 CEFERE L DFENZ, P—~ /L~ X
XU DOARDOYEHIRRTH D 36.4 CITIE LIREZE >
7 S, BT A EmIRE 2 R T A ERIEER 22 C
WZRHET D KO JE Lz, B - AHHEFERE 1T,
B AR « 1 PC ORBUTHEE D Sa ~ Sd /v HIRE H
TR CTONBE A E X LT, AWHREER ClIfEsis
FEOIREZFHES 2 Z LT, SLANT (£ 830 W) &7
BLL. Fig. 1 (a) (TR 9 XY B—H— (800 W) ZFE X

Rt
[m? « K/W] prm— AR

*Note: Case 1 and Case 5 are difined as the baseline conditions.
Parameters shown in red indicate values different from the baseline.

W52 L CHERAMOUEEZ B L=, 5 2 724 AT
I% Low-e 77 A (Ui : 2.2 W/m® + K) & HEE TEEN
22 °C. HVRIRFE 12.6 COLAITARYE T 5,

1.3 RAIEHE
AREBRCITIREWEC T RIZGESS, CO, IEEHIEIC
CO, 7 —# v #'— (RTR-576,T&D). Z\jiEd DM E 12
i > Y (Energy Eye, 7+ —) &>, Fig. 1 11D Pa
~PriZHBWTRE - IREDM A, Wa~ WhiZEWNT
BEIRNRE 2. Ha ~ Hd {235\ CEEH O Zi - % Fig. 3
\ORTE S CRIE L7z, Bk U724 e A OB EIE He
BT AMIERSS A Wz, FREORIEIZZ ST R E
~ A% — (PRO Model 1590, AN / ~ > 7 &) Z W,
HIENE T Fig. 1 (a) ® Va~ Vg DY —< /L~ 32 F K
O AR D JE 5T (FL+100 mm) & Vh O —< /L~ %
X DOHEILHD 150 mm %7 (FL+1200 mm) & L7z, Y—
~ /L= 3 % 13 P.T.Manikin( B MR, (K % 1.66
m’, 28 73E) & -,

1.4 FHMEEsE

ARG CII R R & FEEE DM TR Z &Iz (1)
=T L DS Rk il 5 Comfort filiEl & L7z,
SAMREE ORIEIX % Fig. 4 1R T, v~ 32X LN
N5 R GIRE, BHAGERKBEOEN S, &5 RO
SR (2) 2V TEMBEELZRET S, Y E, A
H S 7= 25 OSAMIRE 2 SR ORISR E &3
5L &T, PMV 2HEH L, PHEE SN PMV OfE
& Z DBV 4: 7% E % Table 2, Table 3 |27~
72k, K (2) DRt (BMEHUE ) 1Z ADES? IZHLE S

Qt[W/m t, =36.4-0.054 Q, (1)

teq =t;-R Q¢ (2)

to : BCREIRE [C] Qp @ BHEMELE [W/m?]

2
Dt mn

teg : Y=/ R X N K B EMIEEE [TC)
0.0s4 [ LORREE om0 5 il
[m? + K/W] 36.4[°C] B4R BEER TORYEHAT (m? - K/ W]

Fig. 4 Schematic of equivalent temperature
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Table 2 Calculation conditions and results of PMV
under summer conditions

PMV Clothl.ng A1.r temperature/ (i geed
Insulation | Radiant temperature
[-] [clo] [°C] [m/s]
Case | 0.18 26.0
Case 2 0.26 0.48 26.2 0.06
Case 3 0.29 26.3
Case 4 0.09 25.7

:
A
0 £
24 25 26 27 280 0.5 1.0 1.5
Temperature[‘C] Normalized

Concentration|[-]
(a) Vertical distribution
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s 27
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g p T
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g 25 © X I
2 L
=3 ¥
53]
24 rra——
= oy o 5 o v T VY MY X T g
<SPS HEEEEEEBGESSE S
e P ovEE S8 Sg 88983
. o5 5% = <= o 5 b S o -g ﬁ T =
SEeS e idm 228888 O
= S 5a5 @@
ERERE VRS

ZEQARN « AR T S5
TR R s (2026. 3. 4)

[\
[o o]
g

—O—~Case 1 Ceiling-supplied DV
—L—Case 2 80 m’/h

—A—Case 3 1.32 m/s
Case 4 MV

(b) Local equivalent temperature at each body segment

Fig. 5 Experimental results under summer conditions

Table 3 Calculation conditions and results of PMV
under winter conditions

PMV ClOtthlg A1.r temperature/ fesgpesd
Insulation | Radiant temperature
[-] [clo] °ql [m/s]
Case 5 -0.02 22.0
Case 6 -0.02 22.0
Case 7 -0.02 1.04 22.0 0.05
Case 8 -0.21 21.2
Case 9 -0.15 21.6
2500
2000
E 1500
5
-5 1000
=
500
o lege
21 215 22 225 23 0 0.5 1.0 1.5
Normalized

Temperature[ C] Concentration[-]

(a) Vertical distribution

Equivalent temperature [°C]
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20 b [A et il
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<2 3o ommes g E E 886272 g =
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Heed gy dg—" 2283888 ©
4 & 555w %3
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—O—Case 5 Ceiling-supplied DV
—{1— Case 6 80 m*h

—/—Case 8 1.32 m/s
Case 9 MV

Case 7 Interior

(b) Local equivalent temperature at each body segment

Fig. 6 Experimental results under winter conditions
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2.1.3 —AERYDHBKREICK DB

Fig. 5 (b) £V Case 1 &faxiE%Z /NS < L7 Case 2
Z L4 5 &L Z & O AR O IR FER T
»H-7-, Fig. 5 (a) LV Case 2 TIHREARNKE L,
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LleoTe, UL, BREGEDHMCLY | v RF

DEFNIBT 5 EGR A DR IER L, fiERE=R
WCENELTZTOEEZLND,
2.1.5 #HRARITKHHE
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% Case 4 TIL T8 OFHEE S 2R EN - TR
0, EECIEEMIRE A AR T8> T 5, Fig.
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Ezohbd, . PEHIRRS KO RO
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EMEEMET LIz E 26D, EBE. Fig. 1 (a)
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Fig. 5 (a). Fig. 6 (a) L ¥ B HFZBR D AL Case
1 &b U CAHASERR D FAR S Case 5 CTIIA M2 E T

DFBELEZTF, BVMORENRDT N EH LTS,
L2aL, SRERESAMITER L Rfom s~ L Tk
V. B FE ORI 0.6 FREICIMMZ 6N TS Z
VR TE T,

2.2. 2 RERIBEDOFHE

Table 3 XV 25:0f%2B L C.PMV £ 0.5 INTH Y |
PUEFIHICB S E o7 Z LR TE 7, £7-. Fig. 6
£V Case 5ITBWT 212 HilZFER Lz HikToa L &
JCOENIDOIRE 2 MR T 5 &, 22K 21T 0.59°C
ThHY, ZMEEZ£IT1.89CTH-o7m, TR LR

ZESRAN -« R T s S
TR R s (2026. 3. 4)

RIZ, 3CUREZ TE->TWA Z &b, ETIREEIC
K DBWIAPFIRI T NS W EE 2 B D,
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Fig. 6 (b) V. Case 5 LH#E LT, MR EIV/HE N
Case 6 CITAFIMEICHBNT 246 CEF LTS Z &N
Mgl CT& %, Case 7. Case 8 IZBWT HIAEIEEIC B L

TNDZEMD, RNTA—=F O TII <, NITEH
D~ FF v DEEADOEFENC L BURHUE & 2B D2

HPUEICTREEN A Ul b L &SN D, Bz iE~
FXUPRENTTONDAT 4 AF =7 OO UFITH
A R L. BVBRAMK T L7 mRetEN B 2 b b,
2.2.4 TRFUMEIZL DR

Fig. 6 (b) LV, Case5 &1 T VT &MHETHD Case
7T HHEST D & RSB RSO Do
7=, Case 5% Case7 & bt U CHMNE A OB % 5 |
RTWERMTH D, REBR TG LI Amiih
IZRWTIL, Sl E A~ IR bR o7,
2.2.5 #WHREE (BROER) [CXHHE

Fig. 6 (b) L V| Case 5 & bhifg U CHAAURGE 23 K & 1
Case 8 TIE P OEAHRE N 2RI T L TN D Z
LR TE B, Case 8 T, —</~XF L DETT
Vd (231 2 JEGEDS 0.05 m/s 725 0.26 m/s [IZHEINL T\5
Z b, BEREEOENNILE S T TORRELE
ORI L ZFMEEME T Lz b o EHE SN D,
2.2.6 HARARKITKBLEE

Fig. 6 (b) L V. Case 5 & L CREHKFATH
% Case 9 TlX F¥-H D% < O CEMMREME T L
THY, 2158 THRZEHEROBKARIZLHH
i & FRROMERIN LS, IBRAHREKTATIE, Bxn
& OBEAIZ L > TIMRHAGRS NOBGIRENEIZ 5 2. 5
ST RZ N ERboT,

FEH

ABFFETIE, Kfa AL B A B A L7l
Wit 7 4 ZZBNWT, =</~ % %2 AV iziE 2
BOFmAZ T, B - AW L HICHREERE < 720
S CIFEVOISE M 2872 5 T & A < HRRUDER A LB
R D Z L EMER LTz, ARITERERIZBNT T

A=A B, SO EEDLTETHD,
s & X

D) K FER, IREDA, Ak, %%v m&%x
INPRHES . B R OK . A Ji%, 71
o RHEA T o 2B D KRA
CIZBT 2098 (2D 8) A7 4 A
F 5 NREELC K 5151
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4) ANSI/ASHRAE Standard 55-2020,Thermal Environmental
Conditions for Human Occupancy ,ASHRAE,2020.
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