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Study on Aquifer Thermal Energy Storage System for Space Cooling and Heating
-Part 15 Analysis of Thermal Storage Characteristics in Aquifer

Based on Temperature Responses-
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In Aquifer Thermal Energy Storage (ATES) system, aquifer thickness is a critical parameter governing the heat recovery rate.
In this study, temperature sensors were installed in a heat source well, where direct water injection was conducted during the
construction of a new well, and in an observation well located at a distance from the heat source well for the purpose of

temperature monitoring. Based on the measured temperature variations and numerical simulation results, the thermal storage

behavior in the aquifer was evaluated, and stratigraphic classification was performed.
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Estimation of Subsurface Layer Structure Using Temperature Monitoring Data in Observation
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This study aims to improve the accuracy of heat recovery estimation in Aquifer Thermal Energy Storage (ATES) systems

by identifying subsurface layer structures. Temperature variations observed in a monitoring well were compared with

FEFLOW simulations. A uniform aquifer assumption failed to reproduce observed temperatures, whereas introducing an

intermediate layer significantly improved agreement. Parameter analyses showed that permeability strongly influences

temperature evolution, while thermal diffusivity has a minor effect
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Table.2 operating conditions

Value Unit Remarks

Cumulative Winter operation  2.9x10*  [m?]
injected/extracted

volume Summer operation 4.7x10* [m?]

Initial ground temperature 19.8 [°C]

Average reinjection Winter operation 11 [°C]

temperature Summer operation 28 [°C]

pipe diameter 0.303 [m]

Weekdays 8:00~18:00
2024/12/12~2025/03/31
No operation on weekends

operating period

operation overview
and holiday
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Table.1 physical properties

Name Value Unit
Initial ground
commom 19.8 °C
temperature
porosity 0.3
. Volumetic heat
Aquifer . 3.18 MJ/(m?3 - K)
capacity
Thermal
L 2.7 J/(m-s-K)
conductivity
Hydraulic
- 1.73x1073 m/s
conductivity
Impermeable Volumetic heat 3
. 3.06 MJ/(m? - K)
layer capacity
Thermal
- 1.2 J/(m-s-K)
conductivity
Hydraulic
- 1.0x10® m/s
conductivity
20
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Fig.2 Comparison of observed and simulated temperatures
at the central position



A-2

ZEAEN « AR Ll i S
TR E R R i U (2026. 3. 4)

Water temperature (°C) Water temperature (°C)

11 17 19 21
Pom B

-48m
-49m
-50m
-51m
-52m
-53m
-54m
-55m
-56m
-57Tm
-58m
-59m

11 13 15 17 19 21
47

@® Aquifer
@ Impermeable layer
—12/12
- 12/18
12/24
1/1
1/7
— 1/13
—12/19
— 1/25
—1/31

Fig.3 Comparison of temporal temperature variations at different depths
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Fig.7 Comparison of temporal temperature variations at
different depths
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Study on Aquifer Thermal Energy Storage System for Space Cooling and Heating

: Part17 Analysis of Thermal Interference Loss Locations and Quantities
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Aquifer Thermal Energy Storage (ATES) systems are among the technologies that contribute to energy conservation and

the reduction of carbon dioxide emissions. In ATES operations for heating and cooling, both hot and cold thermal energy

are stored within the same aquifer. However, these thermal energies can spread and mix due to diffusion and advection within

the aquifer. This phenomenon is referred to as thermal interference, and when thermal interference occurs, the amount of

thermal energy available for air-conditioning use decreases. In this study, thermal interference loss locations and quantities

are quantitatively analyzed.
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Table.1 Ground composition

Inicction. P ine fl te[m’/d Category | Layer thickness(m) | Layer

Thermal storage cycle Runnnig mode Running schedule = Injection temperature yection, * umping ow 1@ e[rzl ay] 5 1

cumulative Flow 50k[m’] s 2
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cyclel ~cycle5 - 5 5
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- 5 6
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5 8
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Fig. 1 Well layout (well spacing 75m, 150m)
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Fig.4 Aquifer center depth thermal interference loss location (well spacing: 75m)
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In order to analyze the introduction of an aquifer thermal energy storage system using simulations that couple the equipment

model with the aquifer model, it is desirable for the aquifer model to have a low computational load. In previous studies, the

models had an issue of low accuracy when environmental flow was introduced. In this study, the model was improved by

incorporating the effects of hot water wells, and when the thermal recovery rate was compared with FEFLOW, it was confirmed

that the model achieved high accuracy, with a maximum difference of about 2%.
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Table 1 Calculation Conditions

Porosity [-] 03

Initial ground temperature [°C] 20

‘Water-pouring temperature [°C] 15
Thickness of impermeable layer [m] 15.6

Table 2 Material properties

gravel | water | Clay
Thermal conductivity [W/mK] 2.7 0.6 1.2
Heat capacity [M]/m3K] 3.18 4.18 3.06
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Table 3 Each case
case | Aquifer thickness | Environmental flow | Cumulative
[m] velocity [m/year] flow [m3]
1 10 25 100,000
2 5,15,20,30 25 100,000
3 10 50 100,000
4 10 25 50,000
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Study on High-Temperature Aquifer Thermal Energy Storage Systems

Evaluation of Reduced Heat Recovery Efficiency in Cold Wells Due to Thermal Interference
Between Hot and Cold Wells

AR Of% Wik (CRIRANLKY) E = B @B ERT (KA KRT)
7 zn— R EE (RIRAN KT E = B B RR (RIRASIKRY)
E= B PERE EEe CRBRANLRS)
Sota MORI*!  Minako NABESHIMA *!  Masaki NAKAO ™!
Shigeki KAMETANI ™! Masatoshi NISHIOKA *!

*I0saka Metropolitan University

High-temperature aquifer thermal energy storage (HT-ATES) stores hot water above 50 °C in an aquifer and enables direct

heat use without heat pumps. However, practical applications remain limited due to reduced thermal recovery caused by heat

loss during storage. Buoyancy-driven flow and thermal interference between hot and cold wells are key factors of heat loss.

In Japan, where cooling demand is high, thermal recovery at cold wells is a critical performance indicator, and thermal

interference must therefore be considered. This study conducts numerical simulations assuming ATES application conditions

in Japan to evaluate thermal recovery efficiency.
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Fig.2 Cross-sectional view of the aquifer model
Tablel Basic simulation conditions
Thickness of aquifer
Distance between wells
Pumping and injection flow rate

10m
100m
50000m?
23°C and 50°C
15°C
18°C
1.73 X107 m/s¥

Injection temperature at the hot well

Injection temperature at the cold well

Initial ground temperature

Hydraulic conductivity of the aquifer

Start of the cooling period ——(Cold wel—Pumping start. Hot wel—Injection start}N |
Cooling period(120day)
End of the cooling period Cold well—Pumping end. Hot well—Injection end
Rest period(60day)
l — 1lcycle(360day)

Cold well—Injection start. Hot well—=Pumping start

Warmmg period(120day)

Cold w njection end. Hot well—Pumping end

1

Rest period(60day)

Start of the warming period

End of the warming period

Fig.3 Operating conditions

3. BABUREDEGE

AWFFECITBRNLERIZ L 0 | ATES OZEBMEREREM 21 T
9o ENEIERIIHIHIH IR & FAE & U TR BRI TR
LEBAEOFSGTHY, A TERIND,

n= prz qout(t)(Tout(t) - TO) ... (1)
cpw X qin () (Tin () — To)

N BNEIE, cp,, : IKDHEEL, qoye (0) : RFE DK EE,
Qin (£)  FERIE DVFAKEL, T,y (8) BRI OB Ty, (0) -
RERI OFEAIREE, T, @ AR

4. €K ATES &SR ATES & D LEER
1. BFALBOINEICRIFTEE
FEFLOW TIHREZA(IZ X 282 (1) 2X(2)
R TIRIERER I L VRS 5,
10dp

ﬁz_;ﬁ (@

7R uﬂfu BT s E
IR SN (2026, 3. 4)

Fo, V2 b—va VN TR A E 8T 50
EDEINT D Z L BAHETH 5, BHEWFIE 2 Tl Ay
BENEE SN TORWEIKBET L Th-o72, Ll
Al ATES (ZBWCIEEiRAKZEKTHZ &2y, #
ﬁ@%ﬁﬁbxﬁﬁ% L7  ENEICRICHEE RITT LB X
bND, FZTLUTD4r —ATHr—ARZT 4T,
BRI RO Ll K ONBEE AT O E1T 9,

—e— ()iRBEF~ 23°C TR LA SERR S &2 Z 58 L 72
W (BLF23°C #Ah7e L)

= (bRE A~ 23°CTHIK LIRS 2 B 8T 5

(MTQML@ﬁ%D)

—— (Q)IREI~ 50°CTHK UINEEREE Z 8 L

v (AT 50°C - hi7e L)

aee (IREHA S0°CTHK LIKIZIRIR B 8T 5

(LA 50°C #4H0)

ISERR SR & B L T2 — A TIEL=3.424 X 104(/K) &
L7z, Fig4, Fig5 ITREREZGEIELREEGEZ LR,

Recovery efficiency(%)
N
S

1 23 4 5 6 7 8 9 10111213 1415
Number of cycles

Fig.4 Thermal recovery efficiency of the warm well
80

Recovery efficiency(%)

9 10 11 12 13 14 15

1 23 45 6 7 8
Number of cycles

Fig.5 Thermal recovery efficiency of the cold well
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Fig.8 Comparison with a single cold well
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Fig.10 Thermal recovery efficiency of the warm well
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Fig.11 Thermal recovery efficiency of the cold well
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Simulation Study on Enhancing the Efficiency of Factory Heat Source Systems Using
Groundwater Heat Performance Comparison of Aquifer Thermal Storage and Groundwater
Heat Utilization Methods
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*I Osaka Metropolitan University

This study investigates the applicability of groundwater-based thermal energy systems for reducing energy consumption and
CO: emissions in the industrial sector. Two heat source systems are considered: a system combined with aquifer thermal
energy storage (ATES), which enables seasonal thermal energy exchange, and a system that directly uses groundwater as a
heat source. The target facility is an air-conditioning equipment manufacturing plant equipped with fuel cells, where waste
heat from the fuel cells is utilized for air-conditioning purposes. Numerical simulations are conducted under assumed site

and operational conditions to compare the performance characteristics of the two systems.
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Table 1 Simulation Conditions for Each Case

Case 2: Direct

Item Case 0: Air-Source Case 1: ATES
Groundwater
Groundwater Calculated by .
- 19° C
Temperature model
Initial Ground _ 19° ¢ _
Temperature
Return Water
Temperature - 25" C -
(Warm Well)
Operation Mode Switched every Same as left Same as left
6 months
Simulation Period 1 year 15 years 1 year
Outdoor Air Temperature | 27.2° C/7.6° C Same as left Same as left

Table 2 Equipment Specifications

Item Setting
HP Chiller Type Cooling and Heating (Reversible Type)
Rated Cooling Capacity 80 kW
Rated Heating Capacity 80 kW
Cooling Operation Chilled water inlet 22° C / outlet 15° C
ondition

Chilled Water Flow Rate
Heating Operation

1.4 kg/s

Hot water inlet 28" C / outlet 35° C

Condition
Heat Source Water
Flow Rate 16 ke/s
Fuel Cell Exhaust Heat o
65° C
Recovery Temperature
Temperature After 60° C

Exhaust Heat Utilization
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Performance of Ventilation with Ceiling-supplied Displacement Ventilation in Office

(Part 11) Comparison of Ventilation Performance in 3 Countermeasures

against Heat Transfer through Building Envelope in Winter
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In this study, we propose ceiling-supplied displacement ventilation system to improve design and installation issues

of conventional displacement ventilation systems. In the previous work, the ventilation performance with heat transfer

through building envelope in summer and winter was investigated, and it was found that the ventilation performance

was sufficient for summer conditions, but not sufficient for winter conditions. Therefore, this paper compares ventilation

performance through full-scale experiments, focusing on 3 countermeasures against heat transfer through building

envelope: ceiling radiant panels, perimeter heaters, and heated air supply along ceiling surface.
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Table 1 Experimental conditions

0 0, Assumed condition (¢,, = 22 [°C]) Actual experimental condition
3 3 t, t t,- 1, Z, t, -1, L' G t,'-t t, t' -t
[m] | B | oy | oty | o] | e | Pel | i | e | e | Tl | e | T
Case N - 20.7 -
Case W- NC ) 27.1 172 | 9.9
Case W- CR ) - 27.7 - 19.1 | -8.6
600 20.3 585
Case W- PH 13.0 | -7.3 19.2 119 | -73
Case W- 120 120 381 | 178 228 | 415 | 187 | 146 | -82
Case W- 240 240 308 | 10.5 i 240 | 341 | 1001 | 156 | 84

3% NC : No Countermeasure CR : Ceiling Radiant panel PH : Perimeter Heater

120, 240 : heated air supply (Each number indicates Q,)
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On the Air Supply Terminal Generating Periodic Airflow using Fluidic Oscillator System

(Part 6) Investigation of Temperature Distribution in Large Spaces through Comparison with

Nozzle-Type Diffusers

OHJIl KRR ( KBRKRSF)
oL (RBROKRE)

e B (BEEERR)
Kotaro NAKAGAWA™

Narae CHOI™

ANBR IR (CRBRORE:)

Tomohiro KOBAYASHI™
Haruna YAMASAWA ™
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Ik B (EERHANHIIERT )

Zitao JIANG™

Kenichiro TAKESHIMA™ Masahiro KATOH"

"'The University of Osaka “Kajima Corporation Kajima Technical Research Institute

Compared with the conventional air outlets that blow steady airflow, the outlets that generate periodic airflow have
been attracting both academic and technical attention from a point of view of improving ventilation efficiency. This
study focuses on the fluidic oscillator which generates the periodic airflow, and investigates its applicability as air
supply terminal. In the previous report, the applicability of fluidic oscillator as air supply terminal is clarified thorough
several experiments. In this paper, CFD analysis using Large Eddy Simulation (LES) is carried out to clarify the
temperature distribution in large space. The usage of fluidic oscillator in large space is investigated through comparison

with Nozzle-Type diffusers.
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Fig. 1 Working principle of a fluidic oscillator
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Table 1 Simulation cases Table 3 Heat transfer rate

Heat Transfer External Heat Transfer
Case name | Diffuser Type ISR EE 01 Coefficient Area | Temperature Rate
stored goods [W/mK] [m?] [°C] (W]
Case 1 FO No Envelope 0.36 140 33 1314.5
Case 2 Nozzle No Inside-wall 1.55 140 9.8 2864.4
Case 3 FO Yes Roof 0.45 69.1 -3.3 818.18
Case 4 Nozzle Yes Floor 0.92 69.3 4.6 1174.4
Sum 61714
Table 2 Summary of CFD analysis
CFD code Ansys Fluent 2025 R1
Simulation model Pre-Conditioning Calculation : Main Calculation :
Reynolds-Averaged Navier-Stokes Model Large Eddy Simulation
Turbulence model SST k- model Standard Smagorinsky-Lilly model (Cs=0.1)

SIMPLE
Second-order up wind

PISO
Bounded Central Differencing

Algorithm
Descretization scheme for advection term

inlet Velocity Magnitude : [Case 1, 3 :8.68 m/s Case 2, 4:6.99 m/s)] / 27.38 [°C]
I3 e e outlet Velocity Magnitude:[—3.93 .m./s] / Gauge Pressure:0 [Pa]
wall Emissivity = 0.9
Werner and Wengle wall function
Iteration 2,000 20
Time step size - 0.002 sec

Preconditionging period - 10,000 time steps (20 sec)

Main calculation period -

30,000 time steps (60 sec)

Total number of cells Case 1 : 1,486,805

Case 2 : 881,417 Case 3 : 1,566,915 Case 4 : 1,012,237

time steps (60 sec) DAERAARFH & L THH L7, K
HUREIIR O 1 2129 2,100 m*h, &5 4,200 m'/h
T 5, BNIEEN 23 CTHDHEIREL, %ikd 28
BN AT 5 - ORI 2 2738 ‘C & Lz, &2
DA AE L7 Table 3 | EVATTEHEA R A AR
& L. CFD fi#iir Tli3E D B — 7 RRICAEE L7 BED Okt
MIOIREE LANEDENa L 77 X Ak b2 | BEHE &
IV OIS TR RERA S & 0 fdT 21T o 7=, Fig.3 1C
FRTIE Y T ZERIC BT A REI D 5 6 2 mIZ DOV TUR,
KIFREZ 7 BIENS DY 0 LY [ Td 5 7= OB AR
e L. oMo 2wk K OKH: - Kb OB i a 1R
ELTWD, 7272 LTRSS CIIEENIREE /AR OEFE IS
X0, BiRPAER X OENEEEICENEL D,

2. AAEEDHER

KR THW TR D FO A CED fi#HTIZ 350 T JE 5
EEEZFESHETWD Z & 2MRT 572D, FOR
HEZ IS DR R A OEZ1T S, 22T
Casel ICBITH2ODFO D H b, X JEENRKE WD
FO COfEREZRT,

Fig.5 [ZMHH if FHONS 381 2 BN R A] O REf 28 8l % |
AR EFHMBER S s T, ZO/MENL, FOD
ORISR A B L TV D 2 L DR T
7o F7z. Fig.6 [ZE AL D/ NT — AT VB
Parzen 7 (> KU ZHWCERLLIZb D ERT, =
DOFER D G 2 A R T &, RS THW -
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Table 4 Indoor mean temperature

Case 1 [Case 2 |Case 3 |Case 4
24.65| 24.66| 25.16| 24.19

|Mean temperature [°C]
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Energy Simulation of Room Air Conditioners
(Part 2) Study Using Machine Learning Models and PID Control
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Daiki YAMAKAWA*!  Haruo SOEDA*!

*1 Osaka Electro-Communication University

To enable users to use room air conditioners efficiently, we have attempted to reproduce room air conditioner control by
incorporating machine learning into the heat load calculation code "SCIENCE-macro." In this paper, based on the knowledge
gained from the study in the previous paper, we have constructed a new method using machine learning and PID control,
and verified its accuracy by comparing it with the results in the previous paper. As a result, we found that accuracy improved

in many operating modes, and that the results were not significantly different from the results with the best accuracy.
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Comparison of Thermal Environment and IAQ among Air-conditioning and Ventilation
Methods for Standard Office
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Aika KUSUNOKI™!

*I University of Fukui

Yoshihisa MOMOI"!

*2 Osaka University

MEH B @K
A5 TR HERTE)
Tomohiro KOBAYASHI? Eunsu LIM™?

*3 Toyo University

Various air-conditioning and ventilation systems have been proposed; however, practical HVAC design usually assumes

a perfectly mixed indoor environment and rarely considers differences in ventilation efficiency among systems. This study

applies CFD analysis to a standard office model to quantitatively compare thermal comfort, draft sensation, and indoor air

quality for different air-conditioning and ventilation systems, providing fundamental data for system selection.
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Diffuse celling Underfloor Underfloor Sock duct
ventilation air distribution displacement ventilation (SD)
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— Supply air — Return air

Fig.1 Target air-conditioning and ventilation methods

m Air diffuser m Exhaust air grille
Human = Human (Occupancy rate 50%)
Desk (1,400mm*700mm) mPC
Fig.2 Perspective view of standard office

Lighting
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Table 1 Internal heat gain condition

4 (2026. 3. 4)

Conditions Occ[l\xg?nts [l;(]:] Llig&?]ng Electr;;]al] outlet '1;;);3]11
L 53*12=636 [100*12=1200| 10*56=560 907 3303
M 53*12=636 [100*12=1200| 10*56=560 0 2396
S 53*6=318 | 100*6=600 | 10*56=560 0 1478
Table 2 Summary of CFD conditions
CFD Code Cradle CFD 2025.2

Analysis Domain

12,600mm(x)*7,200mm(y)*2,800mm(z)

Number of Cells

222(x)*139(y)*103(z)=3,178,374

Turbulence Model

Standard k-¢ Model

Finite difference scheme

QUICK

Evaluation indicaters

Temperature, PMV, SVE3, DR, EDT

Table 3 Simulation conditions in 24 cases
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m Air diffuser m Exhaust air grille = Lighting

No Case T(;:::i:ngt;ilal tesrlrllgzzt?;:e Airflow rate | Air velocity
W] e [m3/h] [m/s]
1 Casel-L-1 3303 22 2477 0.410
|2 | Casel-L-2 3303 18 1239 0.205
| 3 | Casel | Casel-M-1 2396 22 1797 0.297
| 4 | DCV [ Casel-M-2 2396 18 899 0.149
|5 | Casel-S-1 1478 22 1109 0.183
|6 | Casel-S-2 1478 18 554 0.092
7 Case2-L-1 3303 22 2477 1.91
|8 | Case2-L-2 3303 18 1239 0.956
|9 | case2 | Case2M-1 2396 22 1797 1.39
| 10 | UFAD [ Case2-M-2 2396 18 899 0.693
|11 | Case2-S-1 1478 22 1109 0.855
|12 | Case2-S-2 1478 18 554 0.428
13 Case3-L-1 3303 22 2477 0.008
|14 | Case3-L-2 3303 18 1239 0.004
| 15 | Cases | Case3-M-1 2396 22 1797 0.006
| 16 | UFDV [ Case3-M-2 2396 18 899 0.003
|17 | Case3-S-1 1478 22 1109 0.003
18 | Case3-S-2 1478 18 554 0.002
19 Cased-L-1 3303 22 2477 0.015
| 20 | Case4-L-2 3303 18 1239 0.008
| 21 | cases | Cased-M-1 2396 22 1797 0.011
22| SD [casea-M2 2396 18 899 0.006
|23 | Case4-S-1 1478 22 1109 0.007
| 24 | Case4-S-2 1478 18 554 0.003
12, 600 R— 12, 600 )

DS S Sm’:.m E B E EN®

||}EEE$H ”’momhﬂﬁg]"]ﬁﬂﬁm m

- ¥ B E E W®

o
s T " e W |
800 11, 000 800
- e
E=====c Ea=m=zc
3) UFDV @ SD

Human = Human (Occupancy rate 50%)
Desk (1,400mm*700mm) m PC
Fig.3 Air diffuser locations for each air-conditioning and ventilation methods
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Fig.4 Indoor distribution for each air-conditioning and ventilation methods
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CFD Modeling of Line Diffuser Airflow using Momentum Method
(Part6) Prediction of Air Velocity Distribution in Cooling Condition
using Detailed CFD Simulation

Orr & ¥ AN (@HKRF) B I B M (EIERE)
B R PR (CRIRILFEKRT)
Aito TAKEMORI*1 Yosihisa MOMOI*1 Ryohei KONO*2

*1  University of Fukui *2  Osaka Institute of Technology

Building service designers often use CFD simulation in order to predict airflow pattern in room for the optimization of
the diffuser layout design. However, there are some problems such as too much computational time. This is because that
they need a huge number of computational grids to predict precisely supply jets from complicated shape diffusers. The
purpose of this study is to perform a detailed CFD of the airflow characteristics of air conditioning jets to validate CFD
model with Momentum method that reproduces a single liner diffuser under cooling condition, and to clarify the relation

between the Constant K and Archimedes number A; for calculating the throw distance at the supply opening.
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Visualization of Airflow Patterns in Small Air Purifiers within Indoor Spaces
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Kazuhiro Harada*2 Fumitoshi Ogino*2 Masaaki Horie* 1

*1  Setsunan University *2 Duskin Co., Ltd.

Indoor air purifiers often underperform because room geometry, openings, furniture, and HVAC

systems significantly alter airflow. This study supports recommendations for optimal purifier

placement in ealistic indoor environments. Flow visualization experiments were conducted in a model

space and an actual room by releasing smoke at the intake and outlet of a small purifier and observing

its transport and dispersion. The model space, built with aluminum frames measuring 1500 mm by 1500

mm by 2000 mm, was enclosed on three sides with blackout curtains to enhance visibility, enabling

detailed observation of characteristic airflow patterns that govern pollutant removal effectiveness.
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Fig.2 Outline of the smoke nozzle
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Environmental Equipment Planning for the Integrated-Space Type University Building
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In this study, we report the environmental facility plan of the integrated-space type university building. environmental
equipment planning aims at both improvement of comfort inside the building and reduction of CO2 emissions in a
building characterized by an atrium space. We report the latent and sensible heat separation air conditioning system, the

cascade heat recovery system, and the system that controls vertical temperature difference in the atrium space.
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Fig.3 Conceptual Diagram of Variable Latent and Sensible Heat
Allocation Air Conditioning System
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Fig.4 Conceptual Diagram of Cascade Heat Recovery System
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Facility plan for PMO EX Honmachi

OfEE sk (PP T
AR R (PR TR )

Ryouta AKATSUKA*1  Youto SUZUKI*1

*1 Takenaka Corporation

WA A (FrTEL)

Shun KOBAYASHI*1

This building is an office building in the PMO series developed by Nomura Real Estate. Aiming to achieve the first

office ZEB Oriented in the PMO series, the exterior was redesigned from the established design code and elevated to a

design that leads the next generation of PMO with environmental consideration. This report describes the architectural

plan, equipment plan, and environmental plan.
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Design planning and implementation
for achieving LEED and WELL certification in office buildings

OZFH Eg (I LEiE)
Masahide SUDA*1

g ek (Freh Tss)

Mitsuo YAMAGATA*1

*1 TAKENAKA CORPORATION

This paper presents a comprehensive framework developed for an office building in Kadoma, Osaka, aiming to obtain

LEED and WELL certifications. It outlines the processes spanning planning, design, construction, commissioning, and

operational performance verification. The study organizes key coordination efforts and technical strategies for improving

indoor air quality, thermal comfort, acoustics, and water quality, and explains how certification requirements were

integrated into building services, documentation, and performance verification during the operational phase. The findings

support future projects seeking to systematically incorporate sustainability and wellness in the Japanese building context.

[ZC&IZ
T, KU EhOBENE & EIRHOBREL 21y 5t &
LT, 80T 2 REAEOEEMIT —famE-

TW5, AT F TV T, B 58 = R LF—DiER
BB E ST, T4 79 A 7T it A nRiE, EH
BEBEOMEREFRLR, FIFHE ORERE - P, Loy i‘/z%?
RO ENTAR D HskAr & LT L C& 7, R
LEED, BREEAM, DGNB, WELL. Fitwel 72 & %@k@fmﬁm
AVE K U, A0SR AT 5 & & b, G- i
T - EHOBERREZ ZE L D, ARCiE, LEED B
JOWELL .mftz»’:ﬂ%% L7 KR ETIICESF 7 4 A
IVERIGIT, AR R D EHE - Fat T e A @G Eo A
TR, T 2 v a = 7 oEE EHROMERE

HEHE O M A %:*kif% L. FrC, %’ﬁ’féf BERBT - HERE -
KEDUEEDMATH ~OWNER LG T, TOHE

(EDrAN k LS ODW%F%%&%?Z)O

1. BYWE

KIBEOREE A Table 1 (TR, AEITRBUTH
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Table 1 Building Overview

Item Details
Location Kadoma City, Osaka
Primary Use Office, Retail
Construction Period 2021 to 2023
Building Area Approx. 4,800 m*
Total Floor Area Approx. 24,500 m*
Structure Steel structure, 7 floors above ground
Environmental CASBEE: Rank S / CASBEE-WO: Rank S
. . BELS: ZEB Oriented
Certifications

LEED: CERTIFIED / WELL: SILVER

Fig.2 Open-. A1r Atrium Common Area
CERTIFIED, WELL Core v2 ¢ SILVER ZHuf5% L. &=k
BB, SNERBEAE. ‘7:}1/t“~—/1’ 7 om EEK ST,
2. LEED ZBSE & WELL £33

2.1 LEED ZBEEDM#IE

LEED 1. KEZ YV —2 BT 1 o 7% (USGBC) 73

Fig.1 Exterior

i L= EBA 72 B Z0EE T, A7 a2, St E &
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727 753 % Fig. 4 1~ d, LEED [THEE/21F CTle <,
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T A I VAR 8 U CEREEMERE A Rl T & D mDNRHE
ThbD, Filo, =3 —MEREIZ OV TIE ASHRAE JFE%EIZ
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Sustainable Site Indoor Environmental
j Quality
Water Efficiency Design Innovations

Fig.3 The 8 Categories

CERTIFIED SILVER GOLD PLATINUM
40-49 points 50- 59 points 60—79 points 80+ points
Fig.4 Rating Level

Ay va =R, EARHCIHE R AR R S
HA=H Y TPNEMESND, Eo iEHPIHIC B LT
L7 vy BRI L, EEREE, EERE, i LAt
], BRI e & A IR B T & T, B A R
AITHERE T & DA & 72> TN D,

2.2 WELL FBEIOMEE

WELL Building Standard %, [EE WELL © L7 (7
AT (IWBD) A3RET 5 AP LOFERET, 225, /K,
Sed, b, EE), BgPEE, F. MEL Z22A, =3
=T 4 D10 BTV —T, FBEEORFFE - r7;uut~/r
VT EFUNT % (Fig. 5), F7z, MIASEE OBASAEIIIS
U725 > 7 531F % Fig. 6 1Z7~k9, WELL TiL., BHiToM:
HEMREIES® POE (Post—Occupancy Evaluation) ., JE{(EET v
r— R EEBU T, EROEKESCERE, BER Y

“UTNIERIR 23T 2 803 Ch D, 7%E
WETT T < TEH B CIRLYEM 2 ke iR T &
TWDNEEMT D, ZDT=8, ZERIFGE D RS
PAER) -VOC FEL, FREHO S0 L 7 56T BRE L ~UL,
HRIEEh 2L 3225 < 0 Vo 7= BRI B fR
FEAVRENTED, &EhEEN R E o TJ%GE%‘O)
TR E AR T DA A L 7e o TN D, E72, WELL 385
TS AT, 3ET L OFFEHFFEE DME LD,

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

= Q000
Nourishment Light Movement
c» . .@@ .
Thermal Materials Community
Comfort
Fig.5 The 10 Categories

WELL WELL WELL
CORE CORE CORE

BRONZE

BRONZE SILVER GOLD
40-49 points 50-59 points

Fig.6 Rating Level

PLATINUM
60—79 points 80+ points

3. LEED FZSFERET & %
3.1 WEIAE DX
LEED ZREFDMEEHIZOWT, HHH Z L OXENAEE

Table 2 (24, £z, LA I —EBOFEM7RERGT « F24kt
JERNFIZOWCRLHT D, (Table 2 OFRFIAHIZOWNT
AR

« Water Efficiency : [BAO/KEHES TiL, sME
DHKIZHF LT, ~—2F A > (LEED 2¥4E) LV 30%L4 E
OHIEARD Hivd, REIsMEEKREE R v~
Fa—T7HXETHZ LT, HEHEE RS EHEE LT,

TEANOKEFEERE] OFEMIE 3. 1() IZFEHT 5, |
WL~ DKERIE | Tl AR OfaK S AR | A
— 2 EFH L EHEZ SR, 2T 5 2 & TR L,
+Energy & Atmosphere : BRI v g =7 &KL
T A v a = TV ERER L SR E e
KA., FERRRER - TR - M B £ TED THEEL
T2o TECARBRSR S B D R —MERE] OFEMIT 3. 1(2)
\ZREHT 2, [ L~ O3V —FHl) T, A%
MHEHOEBLOH AGLEARG | A —2 2RI L,
B PR T2 2 & Tris Uiz, TR iis £
Tk, B ORI 22 L1379, i co e v
A ZITORWEHE & U CHEBCHEA L,

Table 2 Required Items in LEED Certification and Corresponding Measures
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Indoor Water Use Reduction

Category Prerequisite Requirement Response
Sus;a.unable Gonstru'ctlon Activity Pollution BT TOE L CTEHhD SR, SREEOIEHICTHE
ites Prevention
Water Outdoor Water Use Reduction B KEFEHIR GEKEREER)YTHEL TR
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Building-Level Water Metering
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Field Evaluation of HVAC Planning for Exhibition and Storage Rooms in an Art Museum:

Temperature/Humidity Control and Chemical Pollutant Mitigation

OFA "D HA KM Wi B B ERRD . BT kY
VRS T
Yuji AOKI*1, Taiki SHIGEHISA*1, Masahiro YAMAOKA*1, Kaori NOMURA*1, Kazuyoshi NAKASHITA*1

*1 Takenaka Corporation

This study reports field measurements of temperature, humidity, and chemical pollutants in the exhibition and storage

rooms of the Tottori Prefectural Museum (completed in 2024). Measurements were conducted during construction, pre-

handover, and early operation. Stable hygrothermal conditions were achieved by tuned HVAC control, and uniform storage-

room conditions were confirmed using sock diffusers and distributed return grilles. Concentrations of ammonia, acetic acid,

and formic acid were reduced by low-emission materials and phased ventilation with chemical filtration.
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LR CTIEE IR OBLE D HIRIE BT L OVZE
SJEBRBROREIDN KD HND PV, BrREIINEARe
)2 S e RV N S G SN 1 - 71 A4
AR RE S NS T2 DCFIEIRRE DY 27 3@,
ATl 2024 % T.00 RN ETRE 2 #5025
IR B 51 LIRS AT C ol U 7= FERIRE S 2 SR L
ZERFHE D24 & e ESh R A ST D,

L. IR E

AR LS EBUR A S IR Sz b 3 - BEE 1
PEDOEMARECTd D, R « NI LS « KHE - 258
DRI DR TR S D,

L 1 B L URREOHE

EYEE % Table 110, JBAREE - WU OEE % Table2
R,

2. BRE - IWEEDZRE S REEEAREREER
2.1 IAREDREEFRETESE

JERE R - G BB ORI R G55 & Tabled
W,

2.2 BREDZEEHE

JERE TN - BRUR A =TS 2 L, K7 Y
—XTAMHORH L L, BEBEIRTE A Y~ MRIAAIZ
KDL A AR Lo, KGR L Y | BENOKRSY
iz ZE S, R — ABLE IR ENC L DA RO
R0 24 L, 22 2AROIRIBE DY —{b & X -> T b,
ANZERITES D COLJLEEIZ IS AIEHIE & L, =N

Table 1 Outline of Building
2 W A TR - T L A ek
W A A T
ﬁ/:
TR | e askiarab
e T - Bk - P
ik E—

BUE/HE | M B 3B - B2 1 B/RC1E(HBS, SRCIE)

HESLEE | 5,347.72 nd

JER s 10, 598. 89 mi

Table 2 Outline of Exhibition and Storage Rooms

F=4 A (nd) K@ m | )
avryasx y7)-1 190 4.75 902
avryask 47)-2 190 4.75 902
avryask 47)-3 105 / 89 4.5/ 7.0 | 1,095
avryasx 70— 4 171 3.75 641
avryask 47)-5 174 3.5 609
EEERE 996 5.0 4,980
IR 1 304 5.0 1,520
IR 2 780 5.0 3, 900
IR 3 386 5.0 1,930
G ERE 79 5.0 395

Table 3 Temperature and Humidity Design Criteria
E={3i7 k1] 23]
R 24+2°CDB, 555%RH | 22=2°CDB, 55 5%RH
IR 22+1°CDB, 55=5%RH | 18==1°CDB, 55=5%RH
FEIURIE | 1722°CDB, 50==5%RH | 17=2°CDB, 50 +5%RH
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Fig. 4 Temperature and Humidity Trends in Exhibition Room
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Table 6 Chemical Concentrations and Pre-exchange Filter Consumption Rates
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4.05 255 0.40| 7.17 12.36 1.64

AR 304.0 500( 15200/ 956.7[ 1 3,100 2.0 40.0 70.0
13.5% 6.4% 4.0% 23.9% 30.9% 16.4%
3.94 461 0.82 3.26 1212 0.74

IR 2 780.0 500 39000 21186| 2 8,200 21 28.0 515
13.1% 11.5% 8.2% 10.9% 30.3% 7.4%
401 4.62| 1.10 5.55 13.20 1.98

IRjERES 386.0 5.00 19300 11649 1 4,400 23 33.0] 29.0
13.4% 11.6% 11.0% 18.5% 33.0% 19.8%
2.35 1.63 0.40 3.66 1011 1.1

SRINEE 79.0 500( 3950/ 3358 2 2,800 71 320 66.0
7.8% 4.1% 4.0% 1224 25.3% 11.1%
3.99 285 0.64 048 1.48 033

—BHREE 500 450 2250 2273 1 2,700] 12.0 36,0, 88.0
13.3% 7.1% 6.4% 1.6% 37% 3.34
272 3.10 057 064 212 0.36

aLyLavFrSU—1 190.0 475 9025 6419 1 4,700 52 39.0/ 79.0
9.1% 1.8% 5.7% 2.1% 5.3% 3.6%
_ 294 3.03 0.66 083 176 0.40

aLsrarFesy—2 190.0 475 9025  641.9| 1 4,700 5.2 58.0 94.0
9.8% 1.8% 6.6% 2.8% 4.4% 4.0%
_ 105.0 4.50 215 241 0.50 081 1.61 031

aLyvav¥45)—3 10955  5724| 2 6,600 6.0| 52.0 945
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. _ 1.74 2.02| 0.39 054 152 0.29

aLyLav¥rSy—4 171.0 375  641.3] 5382 1 4,900 76 72.0 97.0
5.8% 1.2% 3.9% 1.8% 3.8% 2.9%
242 222 0.60| 1.12 1.20 030

ALy av¥r5U—5 174.0 350 6090 5327 1 4500 7.4 51.0 90.0
8.1% 1.3% 6.0% 3.7% 3.0% 3.0%
_ 2.55 255 0.65| 0.33 1.28 0.29

LERTE 996.0 500 4,9800| 26232| 2 26,200 53 49.5 715
8.5% 1.5% 6.5% 1.1% 3.2% 2.9%




© i LT S
= b)?’”%éi%mmjcﬁ% (2026. 3. 4)

A-13
E—ARMBREY ) —I—LIZEITS FFUEHEEAXDOMRETMICET 5%
(2m3) FHFERREICH TS FFURERUVRE LEEAEE - FRERESMICKRITTEZEDTE
Performance Evaluation of Centralized FFU Arrangement System in Non-unidirectional Cleanrooms
(Part 3) Influences of FFU Arrangement and Supply Velocity on Temperature and Contaminant

Concentration Distribution under Non-isothermal Conditions

ORT B CRBRORT) ke JUK CORBORS) 10 B (RIoks) # L CREROR)

I FosE CRBORY:) TR Sk (13 xRk Ba (S
Yota KINOSHITA*1 Tomohiro KOBAYASHI*1 Haruna YAMASAWA*1 Narae CHOI*1
Kazuki NAKAGAWA*1  Shigeki TSUCHIYA*2 Masanori SASAKI*2

*1 The University of Osaka *2 SANKI ENGINEERING CO.,LTD.

This study investigates the effect of FFU arrangement and supply velocity on temperature and contaminant concentration
distributions in non-unidirectional cleanrooms under non-isothermal conditions. The cleanroom was equipped with a
centralized FFU arrangement system. A 3.2 kW heater, corresponding to 50 W/m” of floor area, was installed to simulate
a machine. JIS test powder was used as the contaminant. Six experimental conditions were established, varying in FFU
arrangement and supply velocity. A dense arrangement of FFUs near the wall improved ventilation effectiveness at the

same airflow rate. In contrast, increasing the FFU supply velocity did not necessarily improve ventilation effectiveness.
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Table 1 Experimental Cases
Number | Total Air Volume | Ventilation
A t of FF FF \ locit
Case rrangement of FFU U Supply Velocity [m/s] of FFU | of FFU [m’h] Rate [1/h]
Case 1-0.25 0.25 5,264 17.0
Case 1-0.35 Staggered 0.35 7,376 22.7
Case 1-0.45 0.45 8 9,480 28.4
Case 2-0.35 Straight (near the wall) 0.35 7,376 22.7
Case 3-0.35 Straight (far from the wall) 0.35 7,376 22.7
Case 4-0.35 All 0.35 16 14,752 42.7
R
? OA 4
FFU A . X
Dry Coil %:;
- e
Hanging Wall
. unn  Heating Surface
Wali Wali Wl Wall Particle 400
FLALS50— b A Powder Aerosol
Fig. 4 Arrangement of FFU Generator
BAL 7o i 3.2 kW CIRIERSIC 6 L C 50 W/m’ F2fE
DFEEMAZ RRIE LT,
1.2 REME

IR« R EaRE 504 & Fig. 2 X O Fig. 3 (=@ Y
BIE LTz, A T AUENVEXE, Rtk 0.3 um DLk 1
B E % /8—F ¢ 7 V71 7 > Z — (Rion, KC-52) % >
TEH120.1 Hz THIE L7=,

FEER 1L Table 1 & O\ Fig. 4 |[oR9H Y, R s
FFU fE#na%0, B, W LEGRO 6 &5 6 S & LT,
J#E#5d 5 FFU % Case 1 IZT S ED 8 H& L, Case 2
VIEEHI D 8 5. Case 3 IZBED HimWMEID 8 &, Case 4
IZ16 B4 T& L7z, FFUMKM LJEEIZ DUV T, 0.35
m/s & L7273, Case 1 DA 0.25 m/s, 0.35 m/s, 0.45 m/s
DEMZFRITT-, 728, Case 1-0.35 # AL L5 5,

FEERTFINEIZHOWT, £9°. FFU, DC, #hitk, FEL
KA EiR S, BNIBENERICELEZ L 2R L,
Fig. 5 (TR JVHYERAENE L 0 JIS BB 1-17
(019 - 24 pm) AT B Y LY = R L—H
(Palas, RBG Solo) & HIV T, FEEMAIZ AT TR IS
HGERA ST, 20Kk, BENORL AR E =
L7210 30 0T — 4 ZFZBiE R L LW,
1.3 FH@isZ

RS ITAE L7 2B R0R CEBSEHE L, IEICOW T
Eq. (1) Z AT, BRI C [ IS L VM L7,
_C—Cs G W

272 L. FAAIEE C [Um'] 130 & L, HEXIERE C,[1/

¢, —-C, C,
m’] 1% BD } O DC (Z334) D i1 Ei o MU A5
Vg E LTz, 728, C, [1/m’] IXHIESBE 27T,

*

Dimensions in: [mm] Position of Emission

Fig. 5 Position of Emission and Emission Methods

Fiz, BEEKOMRONEZTHMT 57280, EBRER)
3 Ve, [ IERERR LR Ve [-], Bk o R
( DABRJEEIAE TR ) &, [] &R T,

BRIZHRITEQ. Q) LW EH L=,

T, — T,

“=r,-r, @
2T, TLICTIXERIREZ, T, ['C ] IFHMEIRE %,
T, [CHIEFERNEE 2 £, 7el ARRICBN T,
T, 1% BD X O'DCIZET HIREDORMEEALASIT Y, T,
I% FFU KO OA (Z3681F 5 R HHHRLEE 0 B B -S|
T, 1% Pl ~ P16 1281 % FL+1,100 mm LA | DIRE DI
i,
TBYYE R ERIRIT Eq. B) L HH L7z,
e = (Cc—e) 3)
Z 2T, Lo [V TN TERE AR LTV D, 7R,
(&) ITENETDONR=T 4 7 NVH T2 —ICTHIESH
TR HURE DI & Lz,
SRR Eq. (4) KV EH LT,

Ce

€6z = ) C))
Z 2T ¢ [UM B RE 2 2R3, EEEE
P FE RO TVEZERET (FL+1,100 mm) PN DTG %0

rRODHIEEBEXLTND,
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2. $EREBE 2.1 FFUEBBEBIZK D&

Fig. 6 |2 P2 ~ P6 (ZI31F AEnEIRE A%, Fig. 712 Fig 6@ kv, P2IC z‘ou\f@JfAf@%%{ﬁF@ﬂ%ﬁ?ﬁlz
P4 J2 TVP6 | iow‘ HENEREIRE A 4, Fig. 812 EAERTE 7z, F£72. FL+2,000 mm 2L FCix4
FL+1,100 mm (231 2 A EHEE LIRS 2~ T, & ﬂﬁ#ff YEAAII R E 7o 74l iﬁ%hiﬁﬁwtﬁ“iﬁb%
7-. Table 2 ,mﬁhﬂéaﬁfm BYSEREDR, BER AR LSBT FRFU BLE DS IR E A I & IE

WL NS o,

Fig. 7 (a) LV | BIVELIRE DOERESARIL P4 12\ T
Case 3-035 N ETOEITIRLEL o7, ZTOHENK
& LT, Case 3-0.35 TiX FFU & BE L OO 2NE D

HEHERE A ~T, 728, FFUREIZ L 2B TIX
Case 1-0.35, Case 2-0.35, Case 3-0.35, Case 4-0.35 % Lt
L. FFU MK H UJRGEZ & % 5228 Cld Case 1-0.25, Case
1-0.35, Case 1-0.45, Case 4-0.35 %tlﬁﬁt‘f'é

3,000
)
£.2,000
=
B=
Q
T 1,000
NK::: R 28 [p4 P5 P6
22 23 24 25 22 23 24 25 22 23 24 25 22 23 24 25 22 23 24 25
Temperature [°C] Temperature [°C] Temperature [°C] Temperature [°C] Temperature [°C]
| —o— Case 1-0.35 —o— Case 2-0.35 —o— Case 3-0.35 —o— Case 4-0.35 |
(a) Cases with Different Arrangement of FFU
3,000
)
£.2,000
=
oh
[}
T 1,000
0 P2 P3 [p4] P5 P6
22 23 24 25 22 23 24 25 22 23 24 25 22 23 24 25 22 23 24 25
Temperature [°C] Temperature [°C] Temperature [°C] Temperature [°C] Temperature [°C]
| —o— Case 1-0.25 —o— Case 1-0.35 —o— Case 1-0.45 —o— Case 4-0.35 |
(b) Cases with Different FFU Supply Velocity
Fig. 6 Vertical Distribution of Temperature at P2 ~ P6
3,000 3,000 3,000 3,000
E) ) E) )
£ 2,000 £ 2,000 £ 2,000 £ 2,000
= = = =
oh 5h ) )
3 1,000 5 1,000 5 1,000 3 1,000
an) T s T
N i 2 R s i N i R i
0 0.5 1.0 0 0.5 1.0 0 0.5 1.0 0 0.5 1.0
Normalized Normalized Normalized Normalized

Concentration [-] Concentration [-]
—o—Case 1-0.25 —o—Case 1-0.35
—o—Case 3-0.35 —o—Case 4-0.35 —o—Case 1-0.45 —o—Case 4-0.35

(a) Cases with Different Arrangement of FFU (b) Cases with Different FFU Supply Velocity
Fig. 7 Vertical Distribution of Normalized Concentration at P4 and P6

Concentration [-] Concentration [-]
—o—Case 1-0.35 —o—Case 2-0.35

Table 2 Efficiency of Heat Removal, Contaminant Removal Effectiveness, and
Air Quality Index in the Occupied Zone for Each Experimental Cases

Non-isothermal Casel-0.25 | Casel-0.35 | Casel-0.45 | Case2-0.35 | Case3-0.35 | Cased-0.35
Condition
Efficiency of 1.12 1.16 1.25 2.06 1.53 0.17
Heat Removal [-]
Contamn.lant Removal 1.57 236 275 3.95 2.28 5.00
Effectiveness [-]
. Air Quath Index 155 236 3.08 427 235 5.39
in the Occupied Zone [-]
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(Q) Case 2035 7

(e) Case 3-0.35

6) Casc 4035

LT [ T T T T T T T
0 0102030405060.70809101.112131415][]
Normalized Concentration [-]

Fig. 8 Horizontal Distribution of Normalized Concentration at FL+1,100 mm

DR RKE N0, FFU 2> 5 OFERERIT AN EE]
IZBWTCHIEYYE 2B XA RN B 2 bD, £
72, Case 4-0.35 Tl P4 ([T THEE S OFFAE LIRS
EDPOFEMEL Y bR oo 7z, ZHUL. FFU 25
DORKEIERIE £ T IR L, ERIFEITIEN DB,
ED DA TIRIERE & 72 > TIFE 72725703 P4
FTRWHEEZX LD, P6 CIREEARNRS
720N, ZAHUL FFU 20 b OGN BT &£ TH
B, D oiBYYE b BT STV e o o E]
REMEDSE R B D, Fig. 8 (b), (d), (e), () L v, Bl
TEFE DK 1% Case 2-0.35 NELAHNTIEL 725 T
W5, ZAUE, Case 2-0.35 TlE, 1EH /228K 0 BEM I
o TFBE L CTREMHIZ LN 7272012, #EETA
BEADBEREENMIZ bR bDEEZLND, £,
Table 2 LV | [REEDOFRFIZIBT, Case 2-0.35 DEL
BrEhE, IGYVEREDIR, BEBIES R R b &
VY, ZIHDZ E XD RFEGRSANTIX FFU 2T
FRICEFAICEE TS Z & T, BeEREROYEERICER
VD HEENRN B L 72 D ATREMED NIE STz,

2.2 FFUMRH LEGEIZK B2

Fig. 6 (b) LV, P2 OATIRERENER SN TEY |
A At L7242 38T FEU WRHE U RGE 2N LS 25 A
WCRIETHE L /NS Do Tz,

Fig. 7 (b) L V. Case 1-0.45 & Case 4-0.35 CTIEE 4
Bz, g, S RRE L7 &FTld, Case
1-0.45 TIIHBMRIZ X 571 X 0 & FFU 225 OFRE
WIZ L DEMENNKREL ootz 2 LT, S| NN T
TEYSE DYPERL « IRA DMt S - TEENED & 5, Fig. 8
(), (b), (c), (D L V. Case 1-0.25 NENDFAEITHEA,
EREANTRERENRE L 2o TV D, Lo, Case
1-0.35 & Case 1-0.45 TIXERMRE LT, HAELEED

HPHDYSE L < /g5 T\ %, Case 4-0.35 CILFFU E [ C
ISHIE IR IR 0 & 72> TV DM, Fmmofix b
&L AT, H R Ao THRYE DS

Wk S, KR ERNC S D P4 K OVP6 (21T D SR ER

FETE, RERANC, IREEDIR N ICIT DRkl & 7o o 72

Lo LBbns, £/, Table 2 LV JEAIEIEGTE

#% Case 1-0.35 & FbXT Case 1-0.45 [ZBWTHE VY, L

EXY . RFEBREMETIX, FFU O LR A KX <

T 52 EPGEIRITITEDR O RWGEENR SV | RO

£ O 72BiE L O CORFDNEETHH LBEZ BND,

3. F&O
AT, FFFEIRRERIZIH VT, FFU £ HELE 2

DIE—F Il 7 ) — o b— MBI BIRE « RT3

REDSMORMEZAT > T, T OREHR, ARERSMTIX

FFU ZBEmUTEICETRICRET D 2 L T, B2k

OMVEZEREIIZ d61T DDA B < 72 2 RTREMEA IR &

iz, F7o. FFU M UJRGH D EIE D 2 TIIHRKR LR

DR LIFRERTH Y | BLEH SO TEAIICHFT 5

VBRI ST,

—SE R —

D LES 7 V= b— A2 AT LD /P72 i e
DIFGE, 225G - HE L PPN e s R im g, #
7%, pp.25-28, 2022.9

) e KB JE—JFIAFAL 7 U — 2 b— AIZBIT 5 FFU £
Pl 5 A OVERERIM I BA 9~ 2 M58 (2D 2) EEREFHRIC
K BHIRERERICI51T D FFU B 2N IR R RT3 5
EORA, 225 - W LFREOIE R R g,
9% 7%, pp.77-80, 2025.9

3)ISO 14644-1 Cleanrooms and associated controlled

environments - Part 1: Classification of air cleanliness by
particle concentration, second edition, 2015

4)G. Cao, et al. : A review of the performance of different
ventilation and airflow distribution systems in buildings,
Building and Environment, Vol. 73, pp.171-186, 2014

5)E. Mundt (ed), et al. : Ventilation Effectiveness, REHVA
Guidebook No.2, REHVA, 2004
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EE-ARREY ) —VII—LEXRRELI-FFU OZREFIEFEIZET HHH%K
(ZD 1) CFDBICKPFRRERICE T AFIHAMENERNFTREICKRIFTEZEDERE
A Study on Variable Air Volume Control Method for FFUs in Cleanrooms with Vertical Unidirectional Airflow
(Part 1) Effects of Monitoring Point Location on Indoor Cleanliness in Isothermal Conditions using CFD

Offex AR ik CRBREE) /MK HIIR CRERKRS) s FR CRBRR)
i T CRBRZ) RE o8 (e & 51 TH #E (FEEse st
Ryoma SASAKI"' Tomohiro KOBAYASHI"' Haruna YAMASAWA™
Narae CHOI"'  Atsushi SAKATA™ Sae SENDA™

"'The University of Osaka  “AXS SATOW INC.

This study evaluates a proportional-control variable air volume system for cleanrooms with vertical unidirectional airflow
designed for high-precision equipment. CFD simulations were performed using FFU supply air velocity as the manipulated
variable. Isothermal steady-state simulations were conducted for different monitoring point locations. The results clarify
how monitoring point locations influence airflow distribution, particle transport, and cleanliness in the work area. Single-
point control induced inter-zone airflow imbalance and cross-flow, which may reduce the spatial representativeness of
measurements. Four-point average control reduced airflow and energy consumption, whereas, due to the contaminant
uniformity, it is essential to maintain an appropriate threshold for contaminant concentration.
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Fig. 1 Analytical model [mm]
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Table 1 Analysis condition Monitoring paint
I I
Software Fluent 2023R1 Zone 1 Zone2 ¢
| I
Number of cells 3,863,306
Turblent model Standard k-¢ 253 Z$4
Algorithm SIMPLE
Gradient scheme Green-Gauss Cell Based — —
Pressure interpolation scheme Body Force Weighted O Z&S Zﬁ6 O
Scheme of convection component QUICK (a) Control_1
Outlet Gauge Pressure = 0 [Pa] S 5
4 | | .
Particle emissions (Simulated by passive scholar) 750,000 [/min per person] E Zone 1 Zone 2 Z
S — — :
Table 2 Analytical cases z 2
! — — :
Inlet Boundary Nu@ber of. Z Zone 3 Tl E
Case e [ monitoring points : — — 3
Supply velocity ) ) 4 Y per zone for control 9 9
intensity [-] |diameter [m] [1/zone] g Z
Constant | Constant (rated condition) 6 Z&S Zﬁé °
- Q Q
Control 1 Proportional control 0.1 1 1 (b) Control_4
Control_4 Proportional control 4 Fig. 2 Monitoring point location (y = -650)
Start [ v, WEABEREE [m/s)]
4 V, . BHEOTASERIC 35 5 B [mis]
ITO Vi RO FERAE [m/s]
v Vi @ JEGE D _ERBRAE [m/s]
i=i+1 - .
¢ V g+ PR EE [m/s]
No No VAdjuat = V[ncum-m + Kp X (CTurgct - Cp)
i > 10,000 E— mod(i, 10) =0 — V=V cument K : A5l 7 A v [mi/s]
C : HAEAE [/m?
 Yes 3 Yes e F PRI [/’)
. B T/m3
Finish Vi = min(max(v, . V), V) | G, ¢ S m)

Fig. 3 Control flow
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HEZ ISORMEY ICBITH 7 7 ASHYE & LTHEE LT,
KIEMHITRRE ST FFU B S 51517228
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RHRUIZBND TR OT-OEAR Lz, F2, KEIZOW
THBHEOT DGR L7z, FERE L UIMAZEEE L
TEERET NV ERLE Uiz, NN OFRER Rk
0.11 gm LA k) 1% 750,000 {E, %3P LAHE L TRw o7
AHT—THzHZEE L, ZZTldZone 1, 61244
TO, Zone 4, 51224430, BF 12 MRELE L7z, AKX
SINEERFRE L. 6 T ST SR AR L7225 & R
PEDITTADIRANT 7 7 A% ¥)FEITH 2T,

1.2 RIS 14

fEMT FHEOWEE % Table 1 (2859, ELIEET /I
W ke BT VE W, FREFWT 21T o 72, MALSR
IR, REERIT L X — o F v oo — B A
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AT FFU 2 ER AR GHEiT 255 L E=4—
SUTBT DTEEEICS U CRES EIHE 28550k
W A4T 7=, fMTEE% Table 212, 4 AA7E % Fig.
21279, &4 Constant (Xl 2177, &Y — 2 TE
KR 100 % O—TiEfin b Uiz, &4 Control 1 T34
Ve RS RIS 2 1 SRR L. Z5f Control 4
TIFEE Y — N2 4 B OHI S 2SRRI E Lz, Wi
NLOFIHZEBNT S, HilfHROSRENE IR T2 248
E L7y =-650 [mm] (ZHE— L7z,

1.3 HEAE

AR TIL FFU Ofa KRG & B E & & 75 g5 il £
AL, HI#H 7 n—% Fig. 31277, £9. &4
Constant DU HAREZ HIASMEE U CHIREEZBA LTz, &
BOREZEWEABRE L., SN X2 AR RE O
X 10 iteration Z & IZFENE LT-, S EHIRFITIL, £ —
v OFERICI T D ER R E A fililE ¢, & LT
BAF L. HEUE Crge & DIRZIZIEDUW TR EGE Vg
R U7, B ST Vige (X LT, BRI
FOSEIREIH 2 ZE L, JEEHO ERRE Vi CERSEGEED
100 %) B X O TERAE Vi (EFSEUED 40 %) ZH L
7oo ZAUC KV PRE S NIZIRABERURGE 1, 245 —
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O iteration F THEV K L7z, & HIZIEHPER EDT=,
10,000 iteration ZEFERZILEUT 100 iteration |Z351T BHEA
RO FEE A — OAREE LTEHEL, £
DRIEHIE AT O TICFH R 2k L7z, 7eds. B
Cragee [F. 551 Control 1128V T — U MICIENEGE Sy
MERTHI e HE LTEREL, S Control 4
BN T HF—DfEE VW,

2. HEREER
Fig. 4 |Z55MFICBT 28~ b Lds KO-
FEDIKI- « $hiE A 2R T, ARFETIE, VEEmRR A IR
b y=0~1,800mm &iEF LI, FEEFEEICHIT DR
BT T-, Eq. 1 THAELEZIT 57,
c
‘=
T 2T, o [ TSRO IR o [H /m’]
1L ISO 7 T A 52 2B BRiFk 0.1 pm LL_E ORI F(Z%9
2 BRFFAIREE (100,000 [ E /m’™]) e [ /m’] 134550
7 OVEERECT IR E T 5, Fig. 4 D y=1,100
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1,6 T62 % BREDME, ZDftliL40 % OJEE L 72 -
72o FE7-. %Ak Control 4 TIZ4L Y — 2 TTFIRED 40
% F CRENPK LN DR L ooz, Fig. 5124 —v
DI LIEEEC PR 29, £9 D&M
THVEEIECE AR X BEED 20% LR TH Y, 44
BB SNDRER Lo TND, T, &Y —
> TCHRARGE A —E L TV % 4:1F Constant, Control 4
LT D & BEOR S TRIZRIC R LR
TEROERE N LR L TWD Z ERNbmnd, —F., &
Control 1 {23 T Zone 4, 5 % [Lik3 5 &, Zone 4 D
B ESETEISC IR EE DRI R & < Ip o T, 2L
B — R RE S U2 2 S X0 BRSNS E
REI, BEEDKEZV Zone 6 TIA LK )5z
=~ B LD ThD EEZHND,
2.1 &1 Constant
TEFS 100% JEHE CTd 55 Constant TlE, &K — v
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E LT D L& — 2 F % L7 3—N[ah 9 [EARR 7R
BEERR Uz, F84E LIZhi 13 2 ORI » THIDT~
kS, LE—rF v o A=~ EE BRI L
THEE AR LIz, JHUL, VRO EEIC X DR
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2.2 &4 Control_1
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2)ISO 14644-1 Cleanrooms and associated controlled
environments - Part 1: Classification of air cleanliness by
particle concentration, second edition, 2015
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B D DFERERIS JOFEREMME . H ARSIl SRR 3L
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Constant Control 1 Control 4
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y=1,100 100 % 100 % 40 % 40 % 40.0 % 40.0 %
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Velocity
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concentration
y =-650
z= 15,000
Velocity [m/s] Particle concentration [particles/m?]
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Fig. 4 Distribution of velocity and particle concentration
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Fig. 5 Normalized particle concentration per zone

Normalized particle concentration [-]
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Study on Push-pull Type Personalized Air Curtain (PPAC) for Reducing Infection Risk
(Part 1) Effects of PPAC Geometry on Contaminant Capture Efficiency
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Rintaro KOHNO*1 Narae CHOI*1

Tomohiro KOBAYASHI*1

B L (KRR
g B (KRR
Haruna YAMASAWA*1

*1 The University of Osaka

The COVID-19 pandemic has highlighted the importance of reducing infection risks in indoor environments. Although

increasing the ventilation rate is effective in lowering the overall concentration of airborne contaminants, its effectiveness

in the short-range exposure near an infected person is limited. In this study, a push-pull type personalized air curtain

(PPAC) is proposed to reduce infection risk, and its performance was evaluated in a climate chamber assuming two

seated occupants (an infector and an infectee) facing each other. The effects of PPAC on temperature and contaminant

concentration distributions were examined under mixing ventilation (MV) and displacement ventilation (DV) conditions,

together with the influence of PPAC geometry.

LIz

Pl ov g A L A EGRSE (COVID-19) O iRk
ITIC LY, ENBREIZIT DY Y A 7 RO BEEMEN
B TRMS AN TN D, BKEDOIERITENOIHYY)
EIRE ORI AR TH DY, B U O fE iR R
T D RACITR AR B 0 D, 8=V F IR
AR 72 & DRFTRIRIR DR ST D, ABFFET
X, Py va VR E WA= VT i —T
(Push-pull type Personalized Air Curtain, LA T PPAC) %
BELY, ZTORYY 27 (KR EBRET 5 2 &% A
HET %, AT, IREHSR M OEHUHERIE TIZE
T, PPAC OFEANENIRE - (FYEIREICE 2 5
WL N5 L3I, PPAC OZIRMEREIZ KIE 5
B DN TR LT A s 3 5,

1 EEREIE

1.1 ZEEBAE

FEBR I Fig.1, Fig.2 IR T RIRKFEAN TRBEEICT,
YL L IERRYE A NE o TERE LT 5 22/
ERE L TIT oo, BYH L LTSIk OBEA
Rz, ERpEL LT =T 4 v /=% F 2,
WA % 120 cm OFFEEICEE L, BEEIIA TS W &
L7z, B LR GE oM oL iz, k==
I (Supplying Unit, LA SU) & ffifE = = I (Capturing
Unit, UL F CU) THEk S 415 PPAC #3%iE L, (RG]
K MV) & BEHHL (DV) DR TRV TE
Bp A& St U 7=, FEBRZ:{H% Table 1 (2779, PPAC %
B L 72V MV & DV(FA5E: 150 mY/h) % J A S
& L, PPAC(75 m*/h, [IEGEKT 1.2 m/s) Z 3% & L7-4

Temperature measurement points 5,450 950 Temperature CO,
e Concentration measurement points 8= 'l [ 770 [ ]
Temperature and concentration measurement points | — | ] %:288:: 2,400
— vy \—b—/x 4 T ’ I
Heating 1,200 AN 2,100 2,100
2 Manikin . Supply(MV) e N I
K 200% e 1500
— [Q [T PPAC CU 1300 —— 1:300 —_
~ 1,100 —— 1,100 {—
N 900 ——
o W= 700
S Person o0 W= 300 -
0 - simulator §§ T 100
= L L20 Pa~Pf =,
Supply(MV) FELC — _ Fig.3 Measuring points
Supply(DV) — Fig. 2 Section view of experimental chamber s
. o e —
2 Table 1 Experimental conditions SU " cu
(=3
<t 3 =3
ey Case Room Ventilation PPAC RN Type a
Type Flow rate [m*h] Flow rate [m*’/h] d Type tv1so
MV150-n0PPAC 150 - SUF flcu
MV 150-PPAC75-d20 150 75 20 a 2l s
2 MVIS0-PPACTS-dd0-a 1o/ 150 75 40 a @l | Type b
Nl ; : MV 150-PPAC75-d40-b 150 75 40 b L 50
Heating  Pd MV 150-PPAC75-d40-c 150 75 40 ¢ SU e CU
manikin 1 MV225-n0PPAC 225 Slls
L L DV150-n0PPAC 150 Alfle Type ¢
‘ DV150-PPAC75-d20 150 75 20 a W20
2,700 2,300 DV
\ > At > L DVI50-PPAC75-d40 150 75 40 a 3030

Fig. 1 Plan view of experimental chamber

DV225-PPAC75

225 Fig.4 PPAC Geometry
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T AT RFX L DEND 144 Limin O EH WK %
1TV, FEIRYH ORI D 2258 & 7l L 7=, PPAC
I3ASK , CU B HiE L7-%8% % HEPA 7 ¢ /L — %3
LT SU b itfa ¥ 5 =Bl o 2EE 2188 L T
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Fig. 6 Vertical distribution of indoor temperature difference from supply airflow and normalized CO, concentration (case DV)
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Country-Specific Contributions of Open Biomass Burning to PM2.5s Concentration in
Thailand Estimated Using Tagged Tracer Method
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Taiga ICHII*1 Nanthapong CHANTARAPRACHOOM*1

Katsushige URANISHI*2 Tomohito MATSUO*1 Hikari SHIMADERA*1

*1  The University of Osaka

*2  The University of Kitakyushu

Open biomass burning (OBB) is a major source of PMys pollution in Thailand, which is strongly affected by

transboundary transport from neighboring countries. This study quantified country-specific contributions of OBB to PM s

concentrations in Thailand in 2019 using the tagged tracer method implemented in the Community Multiscale Air Quality

(CMAQ) model. The model showed that OBB contributions significantly increased during the burning peak season

(March-April). Myanmar was the dominant contributor in most upper northern regions, while domestic emissions were

dominant in the east upper northern region. The spatial distributions of OBB contributions were strongly influenced by

seasonal south-westerly wind patterns.

IZL®IZ

W7 VT REE T, BRI REAI OB IE X O/
K7p E DB SA A~ APBRIE (Open Biomass Burning:
OBB) 234E L CH Y Pl s 15YICTAN i % 52T
5, TTHX AL, EOHERRIRFED & D22
LT < FRRAHYET D 7 DITIFENAA DI AR
F 5B LT fRNT AR AKX T D, Bran & Vi% 2017
LT 2019 20D PMy s FEAEPRZT GARHT 21TV N OBB 23 7 A
2B BFEFY) Pl s IEOTHKTHDL Z E2WE L
72, Amnuaylo jaroen 5 2134 A ALERD PMy 5 15U~
WEDFEZ2FHE L, EWNHEH XY & ELED S0 08B
HSRIGGE D ITHY Pl s 15U FFE-T 5 FIREMD 8 5
ZEERE L, LLENRG, 24 ROEUEOERE
MR EESIIMEIRE L TR TH D, A KOV
FEOFHHGZ ERNHET 5 2 &1, #1128
% b A B LI RKUGRS R A a5 2 L2k
WCARAIRTH D, ZDOFRRRITHLT 57280, A
FTIE, ZANZBIT D Pl s IE~0 0BB D52 [F)5IT
M5 Z LR ERET D,
1. Fk

1.1 EFILEE

KO RE Y I 2 b—v a3 VITIEKRKREET v
CMAQ (Community Multiscale Air Quality Modeling

System)?v5.3.3 W=, K&ET—HXIZIIKEET L
WRF (Weather Researching Forecasting)Model?v4. 3 %
Ve, OMAQ D REIEYEBEH BT — Z 2 DUV CIRIRIC
IRTHEHA Xy N Y B RWTAER LT, A&RBE
HILZ REASV3. 2. 1 KL ONHTAPY2. 2, BA A A~ RIRBEIC
FINNv1. 5, HEAEEIRIC MEGANV2. 04 & fv iz, 7=, # 7
& b L—H—ik ISAM Z W T, SRT*I8E o 08B
W& 7 %E) M TEZE 0 0BB F3K PMys B L, Z A
O Pl s LT39S [EI 0BB 7 5-4F R L7,
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Numerical Simulation of Japanese Cedar Pollen Dispersion in the Kansai Region Using an Air

Quality Model
oA & CRERRH) R B CRIRKS) eSS P A ON N D)

Hiroshi NAKAMOTO *1 Tomohito MATSUO#*

1Hikari SHIMADERA*1

*1  The University of Osaka

To support the development of effective pollen countermeasures, this study simulated cedar pollen transport in the

Kansai region by using an air quality model. With an accumulated daily maximum temperature of 400 degrees Celsius as

flowering threshold, the model successfully reproduced daily variations of pollen deposition including the occurrence of

high peaks. However, the results showed that it failed to capture diurnal variations of pollen concentration. This study also

quantified the contributions of pollen emissions from each prefecture, revealing that urban areas are predominantly

affected by pollen transport within a prefecture and from neighboring prefectures.
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A Fundamental Study on Indoor Airflow Patterns in a Cross-Ventilated Building

driven by Wind and Buoyancy

(Part 1) Investigation of Airflow Characteristics in a Room with Multiple Openings

by Wind Tunnel Experiment
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In recent years, increasing attention to energy conservation has led to a growing adoption of natural ventilation systems

in buildings. To design an effective natural ventilation system, it is essential to understand airflow characteristics at the

design stage. However, during the early stages of design, predicting airflow characteristics is challenging because various

conditions, such as opening configurations, have not yet been determined. Therefore, this study conducted wind tunnel

experiments to clarify and systematically characterize the airflow behavior in buildings with multiple openings under

various ventilation conditions. This paper reports the measured results of temperature distributions, CO, concentration

distributions, and airflow distributions.
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Table 2 Summery of PIV Setting
Davis 8.3 (La vision)
Direct Cross-Correlation Method
1280 pixel x 1028 pixel
Passl : 16 pixel x 16 pixel

Program

Algorithm

Camera Frame Size

Interrogation Window Size i i
Pass2 : 12 pixel X 12 pixel

Overlap 0%
Frame Rate 100 fps
Sampling Time 8s
Laser Output 35W

TR« B T S
IR I RSO (2026, 3. 4)
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7B, BUIENICRA S, BRNITESERE 12558
T 5 FE TR LT,

3.2 BESMAE
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Fig. 5 Measuring points of velocity distribution
Table 3 The amount of CO2 emission

CO2z emissions [sccm]
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Eq. 2

4 FEREER
4.1 [RO AT

Fig. 6 |Z& 5O ATt L {8 1 K L 800 D hifg %
PIV (2 K 0 fifh L O LR a2~ 2ok
PRZ DWW T EREI & O %R T, Model A Tli,
TN, FINCLY ERT D LRI X0 RER X
OV SIS - CRELFBE A2 SRt 9~ sl D3RR S 4
7mo Fio, BFBHO LV FEH Lo T id K Hmds
FOYEREBR TR - Tt D, ZAUZ KD | BRI s
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Fig. 6 Result of Airflow distribution
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—EEREEBREZNALLF-CERABRIEEDRRE
(Z£?D 3) KEAHMENMEREREE &V CFD BT L D
ERAEDEVNVIZEANTRFEICRETZEDRE
Development of a Novel Natural Ventilation Device Utilizing Double Roof and Stairwell
(Part 3) Investigation of Indoor Airflow Characteristics with Different Roof Angles
based on Reduced-scale Experiment in Water Tank and CFD Analysis

FASEH OMGE AR (KFRKZ) 1E = B [ B (KIRKRH)
E s B /MR R KRR IE2 B 8 T (RIRRH)

Ryota KAGO™ Haruna YAMASAWA "' Tomohiro KOBAYASHI™' Choi Narae™
"'"The University of Osaka

In the present study, a novel buoyancy-driven ventilation system in which the stairwell shaft is connected to a double roof
is proposed. A previous study showed that the similarity of flow features and temperature distribution can be enhanced by
conducting reduced-scale experiments in water. In this paper, reduced-scale model experiments were conducted in a water tank,
and natural ventilation characteristics were examined in terms of temperature and velocity distributions. Furthermore, the roof
angle of the double-roof structure was systematically varied to clarify its effects on the airflow characteristics. Additionally, the

experimental results were compared with those of a reproduced numerical simulation to examine the agreement.
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2. FE{ELE

N DR - Ko A & FER W) & fE/MER C—
B 5123, @MURERICERE — BT L2 0ERD
%o (Eq. DRI T AR T Grix, BHERMEHD
BfRAEER L, AEIO XD 72 B R3S O & Fig -
T DRI DOOEDTHDH, 22 T.GrDEFKRNF T,
FERERICE D 2 K & L 2B\ CHNE S IZHRIET
EDOEBITIREXZAT DA TH D, L, RIZZERF
T 1/100 O/ IMER FEERZ1T5 L35 & IREAZER
D 10 B L THMERH Y, FEHRENTH D,

or = 9PATL (Eq. 1)
v

Z 2T, AR TIEBEE St 2 212, (BEq. 2) 12T
LA U —$ RalZHEHBT 5, i< 13 Baturin® 25~
N— B EZNICHES THNBRRE SR E LRGSR
WAL O 72 S B &A% Ra = Gr - Pr>2 X 107
ERE LT, EETIETHD Y REEO THNT IS
DOWTEBRAZITUV, Ra>2 X 107 THADFELE 220
Z DL E (Eq.3)ITRTTIVF AT A Ar DS H BRI —
By HZ LEMR LR,

ATL3
Ra = Gr X Pr = 9b (Eq. 2)
va
ATL
Ar:g[’;2 (Eq. 3)

BES D ICBWTH Ra 2 b ESEHPAIZMR Lz, K
IR S B EFTRE 72 B8R Gr AIBRIC L & AT Th 5,
7212 L. Gr & RHCBMEER S a 2 oY
(CEPREPERRE v OB T | M/ AL B T HHE
RIS LK 2 b,

BER D - AL HIC, BRTHICBITOREBES L E
W E R H, REBIREZEAT % | BB O E —ERE W
AOREZE, RFREHR U 2 " EHBRRH OO R
E L7, £, 32HiTREMT D0, EBRIZBWTHEB
AREZE (MK TRWMUT & T 5720, FEK - A TAT
WEL L 72D X9 /MR DI BN G 2 P L T2,

Flow Meter Filter

2SR« AR T S
FITRIRGE T R SCEE  (2026. 3. 4)

BEA D Tk, IRONAERZEMTIIRa>2 X 10 %
72T K D Al MVET B & 2R TT O 2 LR
72, BRI T Ra D3 RIS H T D EREERRE v X0
IR EILHR I a 23/ & < MBI Z 72 L3 vk
BTN ED E RSN, KT, KPigk
T DM IMERIEBROE R A RE T 5, 2. KFICE
F B FESR A CFD fRATIZ L D HEL L., ERER L g
5T L CIRNT ORI AR LR b O Tl 5,

3. EBRHE
3.1 EERE(E

FBALTE DR A Fig. 2 12, EERSAF % Table 12,
FEhR s L OB T 5 FEER R BL O CFD T ic B ) 24
Rt % Table 2 |28 3, KA O K E XX 600 X 800
X 800mm (HX) THO, 727 UAKIZEYIERL
72 1/40 OFE/IMER 2 NI R E Lo, FEBRERZ I, %
72700 mm FEEDKIEE 72D K YK EEST-, T3—
t—#—% IFREICHET 5 Z &L CTIF ONH AR %
B L, ke —& —I1C kv BHIC X B EVE o & B e
L7z, #iRe —% —% Z@HERM O mLSNIEESS ©
ER L= OHICHE L, BN —RIcizbD L5,
D EARA S N F ORIENTIT AT b A& #GEE L,
INHOEERETHZ0ICF T — (RKS400E-S, 4

Table 1 Experimental conditions

Chiller

<Rubber Plate

Heater

Stainless
Steel Plate

Model Rubber Heater

Water Tank

(a) Configuration of equipment

Roof angle [degree] Roof rise [mm]
Case - 45 45 91
Case - 30 30 53
Case - 60 60 158
Table 2 Boundary Condition (Experiment and CFD )
Wall Enhanced wall treatment,
Gradient zero (Adiabatic)
Inlet 4.8 X 10" m/s, 18 °C
Outlet 4.8 X 10" m/s
i © ’ Case - 45 333 W (Experiment, CFD)
S?Ch§223$§“ Case - 30 257 W (Experiment, CFD)
Case - 60 467 W (Experiment, CFD)
Heat Gi ti .
etlt nggsﬁ o8 48 W (Experiment, CFD)
1 'V Approximatery 700 mm depth ]
i _/Hose = i
_b e— Measurement Points Qﬂ_
3§ Box that contains’Héater [
_T_ Mode _t_
Mesh
gﬁggionw @ @ Heater
Water Tank

(b) Measurement points (Temperature)

Fig. 2 Experiment equipment
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B2 RHMEDRE
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%05 & LCRBEANERIC4,156W OFEEZ8E LT-,
FToo 1 BIREITIZAER - BRI EVE 2 FLIA AT 600W
DREANDLDHDE L,

M/ EARLZ IS 1) DR BRI, T O ny ZROEK
SHEICBU D RAEICE LS Z & TIRE LT, FERE
W) &AL D Ar NEHBIIC T 5 Y LIRET D &
TR A & AE I D ARFRIEE 75 AT 3% L (= 1)
L& RFEHE DR, (ny,=0.04) 1L (Eq. 4) LV k£ 5,
Fo, BEREIIMBSRERZIET D & nye ny &SI
Mt & 0 BB DOHEZR ny (ny=0.08) 1% (Eq. 5) LV KE 5,

1
158 mm

1
91 mm

~
<
o
AN

53 mm

30 degrees 45 degrees 60 degrees

L L L
(a) Case - 30 (b) Case - 45 (c) Case - 60
Fig. 3 Model geometries for each experimental condition

Table 3 Analytical conditions

CFD code Fluent 2023 R1
Total number Case - 45 4,017,044
Case - 30 4,289,741
of cells Case - 60 4,570,007
Turbulence model SST k- model (Low-Re)
Algorithm SIMPLE
Discretization scheme Second order upwind

Table 4 Overview of PIV analysis
PIV software Davis 8.3 (La Vision)
Algorithm Direct Cross-Correlation Method
Camera Frame Size 1280 [pixel] X 1024 [pixel]
Interrogation | Pass 1| 24 X 24 [pixels](overlap 0%) X 3 times
Window Size | Pass 2| 16 X 16 [pixels](overlap 0%) X 1 times

30 [fps]

Frame Rate

ZE SN - AR el S
FTTZE R R iU (2026. 3. 4)

ny = /Mg Ny - Ny, (Eq. 4)
Ng =MNc,p Ny n? - nar (Eq. 5)

33 AIEIEE
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AT L, CW:YAG L — % — (CW532-10-3W, 5W,
AR )~y 27 X (BR)) %MW T, Fig. 1(b) IZ/RT
A-A'WrHEIZ > — MROYEA RS 35 2 & Thiihv s % 7]
R Lz, ZOTZ@mET A7 (K9, 1 b w3t ()
Z VTR L7ZEE 2SOV T, 30 fps T 5400 B2 (K9
180 s 47) DWEIZ%F L C PIV /i 21T > 7, FRATHEE
I% Table 4 |Z/R Y TH D, B, ML —Hhi1rDF
T —~DIRA LI L DR IR ERAD 2l T D720,
BRI OBRITT 7 —0EiR 245 1k L CEREITo 72,

4.CFD @it =&

FER L CFD it Of &t 92 Z & T, T Ok
JE AR S, EFIIKTICIS T S EEL CED fB T 217 -
THEY ., ERSEM % Table 1, fi# T F1% % Table 3 (2%
9, fEANTZEMIE. Fig. 1(a) [275 3 X 912 600 X 800 X
700 mm (75 &) OAKH & Uz, fEATZERI NI X SEBR [FTRE,
BHHOBEZRE L, FO—m» b —FRICHAHT 5
Lo L LT, BERIIBEZ (E L, EB &R U R e E
% CFD fifTicB Wb 5272, £, ARIIHHENIHE
HAICNEL D720, [KRefilEDO Y LT 21T TE
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Table 5 Experimental and analytical results of temperature
Case-30 Case-45 Case-60 Measurement points
Experiment CFD Experiment | CFD (Water)| CFD (Air) Experiment CFD I

Point @ 1821 C 1821 °C 17.82°C 17.82°C 17.82 17.64 °C 17.64 °C Q
Point (D * -0.25°C 0.00 C -0.26 °C 0.02°C 0.03 -0.47°C 0.01 C
Point @) * 0.78 °C 1.07°C 0.75C 0.76 C 1.50 0.48 C 1.29C
Point 3 * 4.14°C 4.16 C 441°C 441°C 4.88 3.81°C 423°C
Point @ * 0.44°C 1.57°C 0.15C 1.25°C 1.24 -0.05C 1.16 °C ®©
Point ® * 0.83°C 1.52°C 251°C 1.33°C 1.06 0.35C 1.16 C @ B
Point ® * 41.82°C |80.79°C 41.61 °C 83.74 C 89.54 3991 °C 86.53 °C DANN
Point @ * 0.05C 1.50 C 0.68 C 1.29°C 1.02 0.27C 1.17°C 4
Point & * 0.15°C 1.54°C 0.55C 1.29°C 1.09 0.18°C 1.17°C O wowrsy
Point @ * 1.03°C 541°C 19.04 °C 420°C 4.49 0.69 C 1.77°C -@:@'

*Notes: For Points (D - (@, the results are shown in the form of temperature difference from Point (0) .

Table 6 Ventilation rate

Ventilation rate [m’/h] Error
Experiment CFD
Air, 1,454 (Air, full)
full scale | C35€43 ) =0.0361 (Water, reduced) 49.8%
Water, |Case-45| 0.0241 0.0322 33.6%
reduced |Case-30| 0.0265 0.0336 26.7%
scale [ Cage-60| 0.0301 0.0346 14.9%
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Development of a Novel Natural Ventilation Device Utilizing Double Roof and Stairwell

(Part 4) Comparison of Indoor Airflow Characteristics
with Different Building Shapes usin CFD Analysis

OF & B g £ (KBRK®) E & B /MK FUE (KBKS)
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Haruna YAMASAWA ™' Tomohiro KOBAYASHI™' Narae CHOI"' Ryota KAGO™'
"'"The University of Osaka

To develop the design strategy for a novel natural ventilation system that utilizes a stairwell and double roof, a numerical
investigation was conducted. This paperd discuss the effect of double roof geometry and approach flow conditions on the
natural ventilation characteristics. It was shown that under the same aspect ratio of the double roof cross-section, the heat
generation has a large impact on the ventilation rate, whereas although the heat generation rate decreases, the smaller aspect
ratio resulted in a larger ventilation rate in the studied cases. Additionally, the impact of the approach flow was limited in the

studied cases.
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TIREDMY MR TH B, HHTZERO x ORI, I
SHBED LRI x HORBES O SHEORS, T of Jo N
WANZ 105D RS %, y FInOESIXy Flno@EwE Floor-2-{ B
SOSH%E, BITEMOBID4SHORES L L, . 3

Bk 9 2 FEARFMEIT B T 53t @ W ~HE % Fig.1(b)(c) Floor-1J L -
RT, SENIIEEERE LB r—L b L, o0 268 |
WOKRE ST ARBEFRREEEET VT 2B EIC (b) Target building overview (c) Plan view of the first floor

Uiz, 7T 3l gl L BEEDOHRZR T TN D, ———
BEBXSRIE 1 - 2 BEICAE L CBML T 0 . ZOTRIC
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Table 1 Studied cases
Roofangle | Roof rise Bl Bl ol Cross-section of double roof Heat generation rate [W]
[degree] H[m] |wind direction | velocity [m/s] | Long side length [m] [Short side length [m]|  Double roof Internal (1F)
Case 45-H3.6-S0.1-a 45 3.6 South 0.1 1.82 0.4 2,658 600
Case 30-H2.1-S0.1-a 30 2.1 South 0.1 1.82 0.4 2,050 600
Case 60-H6.3-S0.1-a 60 6.3 South 0.1 1.82 0.4 3,733 600
Case 30-H3.6-S0.1-a 30 3.6 South 0.1 1.82 0.4 3,551 600
Case 60-H3.6-S0.1-a 60 3.6 South 0.1 1.82 0.4 2,155 600
Case 45-H3.6-S1.0-a 45 3.6 South 1.0 1.82 0.4 2,658 600
Case 45-H3.6-N1.0-a 45 3.6 North 1.0 1.82 0.4 2,658 600
Case 45-H3.6-S0.1-b 45 3.6 South 0.1 3.64 0.2 5,317 600
Case 45-H3.6-S0.1-¢ 45 3.6 South 0.1 0.91 0.4 1,329 600
D 2D 0.5D Table 2 Boundary conditions

L < L < L <
X

(b) Type-b

Fig. 2 Cross-section of target bulding and double roof

Pl XV
(a) Type-a (c) Type-c

1.2 RAT &

fRMTSF % Table 1, BEft5:f% Table 2, fiftT Fik%
Table 3 [Z/R3°, AR TIX, 49 FMEOMATHE R 2 HiE
T 5, M4 Case (BIRAE [ ] -HUERE S [m])
- (AMEBJELR) : South F 7213 North DEELT) (FMERJEGE [ny/
s]) - (ZEHEROWIHK X A 7 : Fig. 2127~k9 a,b F
Tl e D3 M) 2R1LTNVWD,
THEHBBROMEILAS EEIEARE LT, 30 E, 60
B LS, B D FRERICAEOZbIcth —ERAR
EMEHBELTDEME, AENRRRSTHEHB—E
DM ZEENENK T T, £=. RATZERN O EE f7f
DREZERL T, ENKTFEICREEEL 5 2
20O E LT0.0 m/s —HRDSNERIE A fRHT ZE [ o FE A
BERmICE 2, —FH, RO H 5544 E LT, Case
45-H3.6-S1.0-a 2 X Case 45-H3.6-N1.0-a (2B W Tl #
BRI O R AR E L C, BB ARISE SR A o k& B
RgzafLlz7 7an—F 7o —%8fEEiE 1.0m/s & L
THx7, 7=77L. (Eq. 1). (Eq. 2) \ZRT$NE 7 D JE
L, ELIRBREE 34T & O CELIE = R oL ¥ —F K OV Gk
RO/ RABERICEZTBY A& EKalInES Y
DJEGRFEFRIZ BT 2 5ERERH A LD 0.24 & L7z,

U(Z) = US(Z/Zs)a (ECL 1)
1(z) = 0.1(z/z;)" @005 (Eq. 2)
BESFEIRR, EREWORRE~O A F &L, WO 4

HIZBIT 5 2O KRR ERRE RIAALTY 7—7-

Enhanced wall treatment,

Rl Gradient zero (Adiabatic)
Inlet Temperature: 18 °C
Velocity: Case-dependent
Outlet Velocity: Case-dependent
et Roof angle: 30 268 W/m’
eat Flux Roof angle: 45 284 W/m’
at the roof 3
Roof angle: 60 282 W/m
Heat Generation at Floor-1 600 W

Table 3 Analytical conditions
CFD code Fluent 2023 R1
Total number of cells 4,457,958 ~ 5,538,304
Turbulence model SST k-w model (Low-Re)
Algorithm SIMPLE
Discretization scheme Second order upwind
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3. R
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JE 554 % Fig. 312, IR OFE R % Fig. 4 (R T, #
AREEF_EEBRBRHOBEIIBIT2HELIVEL L,
EBRAEL IO HEBRES S B ST,
AR D & ERRIC, BIRAE N R K TH D Case 60-H6.3-
SO.l-alCBWTHAELRKE oo, AR, i
BEMEICHE ) BEBEOHEMPBESNDL DD,
HABB IO HEBRRGE INKE <, BEERKEN
KR THoTmbDEBEZLND,
THEREIE36Om T ELE LBRAEOLEE
b S E =& T, HBEVED R K TH 5 Case30-H3.6-
SO0.1-a TR BN K E o7, 2 LUIRESAH LY.,



A-20

Case 45-H3.6-S1.0-a

Velocity [m/s]
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0.2 I
0
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N Case 45-H3.6-S1.0-a
Temperature [ C]

2 > N
21 I

19 I

18 |

Fig. 4 Temperature ditribution at A - A’ cross section
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Fig. 3 Velocity ditribution at A - A’ cross section
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Case 45-H3.6-S0.1-a Case 30-H2.1-S0.1-a Case 60-H6.3-S0.1-a Case 30-H3.6-S0.1-a Case 60-H3.6-S0.1-a

Case 45-H3.6-S0.1-b

Case 45-H3.6-S0.1-c

Case 60-H3.6-S0.1-a

Case 45-H3.6-S0.1-b Case 45-H3.6-S0.1-c

> N

A

li

Table 4 Ventilation rate in each case

Heat generation rate

Ventilation rate [m’/h]

at double roof [W]
Case 45-H3.6-S0.1-a 2,658 1,451
Case 30-H2.1-S0.1-a 2,050 1,343
Case 60-H6.3-S0.1-a 3,733 1,713
Case 30-H3.6-S0.1-a 3,551 1,668
Case 60-H3.6-S0.1-a 2,155 1,480
Case 45-H3.6-S1.0-a 2,658 1,579
Case 45-H3.6-N1.0-a 2,658 1,377
Case 45-H3.6-S0.1-b 5,317 1,386
Case 45-H3.6-S0.1-c 1,329 1,456
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Fig. 5 Relationship between each parameter and ventilation rate
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Study on the Prediction of Indoor Environment in Various Stratified Ventilation Systems

(Part 1) Full-Scale Experimental Comparison of Three Air Distribution Systems in a Room with

High-Heat-Generating Element
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Eunsu LIM™ Narae CHOI"' Kentaro KIDA"

“'"The University of Osaka “Fukui University ~Toyo University

This study experimentally investigates the characteristics of Displacement Ventilation (DV), Impinging Jet Ventilation
(IJV), and Wall-Attached Ventilation (WAV) systems. As the supply airflow rate increased, the temperature increased, and
the CO2 concentration decreased in all conditions. For WAV, the CO2 concentration in the lower zone varied with the

supply airflow rate due to entrainment. [JV exhibited a lower stratification height than DV due to high supply momentum

and turbulence generated around the heat source, while WAV showed the highest stratification height, attributed to

entrainment. Additionally, the thermal plume travels vertically upward with DV and 1JV, whereas with WAV, it was

deflected toward the supply terminal due to entrainment.

[ZL&IZ

ek D — iR A E LTk, BENEKEH
fif 2R EIRE - MRS E D RAHBRK MV) X
NDEICHOWLNTE T, MVIZERNEEKZ 2254
LT B, R AXF—HEENHEIINICE L, =
WIBYE N FIROBICHEEE LT L E D /RN H 5,

AUk L, IR R E RIS T ST K A B
BB AR L, BEgE R E T 55 TH D,
AFGRIIBFERE, | T D FfERIR O 2R AR L,
MR ENTZERITFINC L > TEN~NER D, DR,
NSRS & OB E PO 22T EFRIZ L v E5A-
L. # ERICHREINER O 2B TR ENS, £
DOFEF . R RIR ) OTE s TR BB A &
AU 2 EEI I LSR D DIEE L DIRWREEDNTERL S 41D,
ZDAR=ALTED | EHSIEI MV FRUTHAT
TRNVX—EEED D0 FYE DR A 7 2K
T&DERIRIME T L ans,

L L s r U 3k 2 2 M FE L TR0 |

WA Z2BGHFIERHENL STV D & B E WV, AF
Teld. BRSO — RGN LT A 2 &
ZHEME L, A Crbuinsa B B2 A3 5220
gl LT, EHK (DV), RimfEzess 1v),
BEE A EHS (WAV) OIRFEER LN CO, A, ¥
BRSO T — DTS DR FRIERIZ LY
HIE L, i Ui R 2 45,

1. EKRER

1.1 EEREERK

Fig. 1 lIZxf54 & LTz 5 N0 R O X % |
Fig.2 & Table | ([ZFFMI72 EBR G2~ d, AAFIETIX
EEEMAD & 5 I B R T AT 5 2 & A AE
L. 0.8 X 0.8 X 0.8m DT L I RO FEEYLZ =
L ZELE Lo, T OORF, FEVEIT 1.5 kW & L, R
O OEBRRZIIHIT D720, FEEKRDER O FHIIES
0.1lm Oy 7 7 —/VIBWA 2 3%E LTz, fakUEAAR
BERICBEET R T ¥ o N — N TR S - 225 %,
FEOABER O RIZERE L7247 FEN L THELFR

(a) Displacement ventilation

(b) Impinging jet ventilation

(c) Wall-attached ventilation
Fig.1 Configuration of the investigated stratified ventilation systems



A-21

Table 1 Experimental conditions
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Room size [m] 5.00%5.45%2.77(H)

Air flow rate [m’/h] 300 450

600

CO, dosing rate [NL/min] 5.0 7.5

9.0

Supply height [m]

0-0.60 (DV), 0.60 (1JV), 2.17 (WAV)

Supply terminal
dimensions [mxm]

0.81x0.58 (DV),

1.50%0.10 (1JV, WAV)

- Air spply chamber ) PolevA ~F
5 Flow meter N e S
g 5 g @ 3 2,77 S5
: . ¢ RS
S . hoaung ey S
5 ' relement HIN =
§ . Air1 (1,500W) ¢ . . = T;g
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3 : e | A YDy e 150 + %
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\ :(0.58mx0.025mx12EA)§||5: S int S
\ ; ; ; HIR 0.10] . S
LN wa L wB il , 008 §§§ —N
' Supply terminal | o N —
(DV, IV, WAV) | 3 U ol
i i i E g

=)

0.85
| Temperature
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5.45
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L

Dimensions in [m]

1.20

(a) Schematic diagram of climate chamber
Fig.2 Details of climate chamber setup
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Fig.3 Measurement points of plume velocity
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Fig.4 Vertical profile of temperature difference (7-7,) and dimensionless CO, concentration
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Fig.5 Average temperature difference (7-7;) and
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The Impact on Air Conditioning and Heat Source Energy Consumption in University

Using Central Heat Source Systems
Calculating Energy Savings from Behavioral Change Based on Analysis of CO2 Emissions Per

Person and Proposals for Promoting Behavioral Change

OMak ks (SLeambEKRT)
Takuma MUNENAGA *!

A BT (LAt R
Tomoyuki CHIKAMOTO*!

*! Ritsumeikan University

Currently, energy conservation measures for university facilities are required to achieve carbon neutrality. However, to

enhance energy savings, it is necessary not only to implement measures such as commissioning but also to encourage

behavioral changes among building users. By analyzing per capita CO, emissions and promoting behavioral changes, energy

savings can be expected. This study constructed a per-capita CO, emissions prediction formula based on heat source COP

forecasts. Furthermore, it demonstrated that calculating optimal behavior pattern tables and optimal heat source operation

points can yield significant reduction effects. Additionally, proposals for behavior change promotion measures were made.
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Table 1 Overview of the building to be analyzed

2 [ELvES BEHR BTHE FEREHE [ni]
F74X ER S cS 1993 6898
&R AFA TR B~ MC 1993 5922
BE aA=AvRIT7 Us 1993 6677
Py FURLATR PH 1993 9503
H= FALAFNTR FH 1993 5686
A—Zt94>7 EW 1993 12206
BIHRE YIRLTAYY wWw 1993 12206
FUTT T 2014 6579
EX2 EXL1 1993 5973
BIERE IoeN2 EXL2 1993 5248
IoeL3 EXL3 1993 5651

Table 2 How to distinguish between weekdays/holidays, heating
season/cooling season
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BEEE
HREZER CFH)
BE—#BEO~6 & -1
EHERH

FH - kH XBIFE
B _(ZEX)
THEH/HEHR

FHAAIR/Z AR/ £ kIR
TI—NTYI4—7
EREH

R - ARE X3k
20215 E 2022 E
REFEHA : 4/1~5/9,10/21~1/29 FEREER - 3/31~4/18,11/1~2/7
SEHA © 5/10~10/20 ABERA £ 4/19~10/31

I —AYEDIFIF—HRBFNET L |

¥ v
[ —XErbmh#EE [ —AsrbamEERARE |
) v
—AEZDCO,FHEE (BHHHEE) BIEBOSEESKME
¥
112 EOME
+

— NO YES
ERE—MR>TFS—14 — <2-380 #ERREUE—

F =BE—MROTFS—18 - ZBBE—MROTFS—18
| BRBUR IR 18 TRE | BRBRABIEAKE 26 TR

O HHEE (SEERARE) |
+

I 11

[CAEEDCOBHEE | | —ABEDCO,HHEE (REERAME) |

Fig.1 Flow to calculate CO2 emissions per person



A-22

HEE L7,

1. HAEEE

RIGIEMX, SEMEERF D Z « < &% v LRz (LU
T, BKC) a7 AT —3 3 TERE STV D R
MDOHBEARPHE SN THD 2 1L BTHY . £ 11 B
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REL 72077,
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Table 3 Regarding CO2 emission factors and incremental heat values

#Bii 4 2 COBEHRE 2.05kg-CO,/mi
BHCOHEHRH 0.419kg-CO,/kWh
ZHE— PRV TF 7 —RUHZRRASRAEOHIERE AEH BREHA
126 BREG)] 4.98 4.83
235 EERIMEG)] 12.07 1147

Tg’lj)ﬁle 4 Multiple Regression Analysis of COP for Heat Sources *2’
igIE o 1
fEER?
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Fig.2 Behavioral Change Through Building Relocation Using
Predictive Models
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Fig.3 Optimal Action Pattern Creation Flow *4’

Table 5 Method for Creating Thermal Load Structural Models
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Table 6 Optimal Action Pattern Chart (Heating Season)
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(2)  ZEAE— MR TF T — DB
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T, BB BRI LT Co g EDHA D720
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3.3 B X —hFE
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Fig. 8 Overview of the Psychological Factor Analysis Model
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