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This study evaluates the progress of the plan for global warming countermeasures for the Japanese commercial building
sector using a building stock energy model. It was found that the amount of energy saved by introduction of high-efficiency
lighting had the potential for further energy savings. It also became clear that the target for energy saved by energy
conservation in buildings will not be achieved with the current trend of technology adoption. Factors contributing to the
amount of energy saved were identified, and the results showed that the impact of improved heat source efficiency was large.
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Fig.2 Estimated results of high-efficiency lighting spread
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Fig.3 Estimated results of building insulation adoption.
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Fig4 Estimated results of Technology Adopted for Air
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Fig.5 Reduction due to introduction of high-efficiency lighting
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Fig.7 Reduction due to energy conservation in buildings
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Fig.8 Factor breakdown of energy savings in HVAC
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Water conservation planning in outdoor athletic facilities
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To reduce environmental impact, rainwater was used for toilet flushing and lawn watering. Report

on the water-saving effects of rainwater harvesting based on simulation results during design and

actual measurement results. We were able to show that the percentage of turf sprinkling water use is

very large in outdoor athletic facilities, and the relationship between rainfall and rainwater use.
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Simple quantification method for CO: emissions in BIM

(Part 2) Study of methods using Revit Dynamo and Excel

Oit H3% (RIREXERERF)

Satomi TSUJI*1

WM R ORIRFESRGEE RF)

Haruo SOEDA*1

*1 Osaka Electro-Communication University

Focusing on carbon neutrality, we studied the quantification of CO: emissions using Revit. since the Revit-only method

required many items to be entered manually, we created three new methods in this study, using Dynamo in addition to

Revit. As a comparison method, CO: emissions quantification of the two models was performed, and the differences

between the methods were compared. The results showed that the use of Dynamo reduced the number of manual entries

and improved efficiency, and that Dynamo's strengths in automating workflow when using BIM could be leveraged.

[FL®HIZ

SO, S, B D COFRHRITEA
D4 CO-PEHREDK) 40%% LT\ %, 2008 47 H 8 H
® G8 JHFRIAY I v FEMESITIL, 2050 4-FE TITHSR
DIRZEINRAT AP EZBUR L0 D72 < &b B0%HINET
50 CHENEE ST 5 Z EAEY A F i, 2020 410 A
\Z HARBUMI 2050 £ —Ry =a— FILEES LI,
FOROORK JERE LTEENTNS CO.D [RZ2 5
by 1o, AR CIEER L,

ARKFOMAEELORZET, L 225 Revit 27z
COHEHEDER(LTFEDIREZITo T, TONEXB Y
THITo THIZE 2 A, FEICTANTHHANEL | K
{000 | ENENO TR EE R T,

F ZCARZED BHIIL, BIM V7 h®D Revit ZHWT,
COHEHHEZERILT 5, MA T, TNOHLOTREEZEY 2
TTa s T I —)L D Dynamo A LT X D &h=R
BNNEEZEITO 2 & Th D,

1. HIREE

L OAFFEZ FEIZ . Dynamo & Excel ZFIfH LT BIM &
TD CoHEHBEERLEIT -7,
1.1 Dynamo DEFEHEH

Vivian WY. Tam &% OMFZETIL, vk TOMFZETH
B SNT-FIHFRER T BIN-LCA BT P —F %
FEL, —HEOBEEZSRL TS IERTT U kK
W27 7' —F % WO DRI EZMENL LT,

BIM-LCA #5537 7 m—F I, 1) FEs (BOQ) % Excel {2
T AR— b, 2)BOQ ZELHD LCA ¥V —/ U T AR—
F.3)BIM Y 7 b7 =7 HDLCA 7T 7 A OfER, 4) &
TaTNTur g I IEREOMEMBIMAT V=Y b
IZ LCA (A ZH D, D5 HODEA FITHESI. i
b ZRHlT 2,

FHEAERIE, A BT 2T TR ST X T EREOM
MEDODLA T DR THRIFIZE D T LDorioTe,
1.2 CO.HRHEREAIZDLNT

CO-HEH DTN B CO. HEH BT IE, PE¥E
BIFR 2 FE A Fk S 7z B ARRGL RS D ALJ-LCA™ Z-fdi A
L7z, 2O LCA Y —/VOEEFEL S — b OB AFHAL
HLRIRLD . MEIORBEARIFEALZ CO PR BIFERAL
& LTBIMET VORI RE LTRIE LT

Fo. SIALEE®RE B THIZICES T — 2 ~—A
% Excel TER L. Tablel {2779 X 912 Dynamo {21 &
A—RLFTWESICTRLE,

Tablel Simple Excel database
A A

W L o7 (LBt T2 TH 1 2 1 L(TIA)) CO:HhH B 31 kg/m*

PRl b 2t (U7 3t GWS0L) COLBEE B B 3.3 kg/m?
El o7~k (35— F#L T F) Fe2dN/mm?) COHEE SR E 283.5 kg/m*
Il =5 F— F (BT#PBGLTE)) COHit SRy 4.7 kg/m?
Bl 727 7k (EREEH Y 4 Y — k Fe24N/mm?) COBEth BIR BT 169.6 kg/m*
[ 18 (/50 =—FF) COHh ERE 7.9 kg/m
[l = (7w v+ A5 2 10mm (EEFIX)) COMHRRE 90.7 kg/m?
W AN =T aa— N (HFAh=Tro+—LEEHFR) COHEHEREM 192 kg/m*
Cl 7 (RBE) COHrt Ems 24.1 kg/m?
) = (RH T B4+ PB) COHFEREE M 8.1 kg/m*
B8 =>4 U —F (34 U—t (BEEIF) Fe2dN/mm?) CO-HEH &R Efi 233.3 kg/m*

2. Dynamo. Excel ZFL = CO.#HHEEF =1L
2.1 BESBIMETIL

Z ZClE, Fig. 1 & Table2 |R” 5 BIMET /L &%
DORERA BN LT, Table3 1277 4 ©D CoHEHEE
B FEZ O CHERF 21T 72,

Fig.1 Simple BIM model
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Table2 More info about simple BIM model Table3 Four quantification methods compared in this study
77 iy . CO. PEH & Typel  Revit LT COHEHEZFHET 5 I78E (LK)
N JRHNT @Revit E 7Ry xs 3T A= %AERK L,
HEAE | oW 102-85- | - LA 31[kg/n’] CO- HEH RN A AT
kg 215p - TEEWEE 3. 3[kg/mt] @Revit DEFHRIZE D, CO-PEHBEZFHET S
c a3y U—Fh | 283.5[ke/m’]* Type2  Dynamo %AV T COBEHEZFHE T2 HE 1 (RD
H (DExcel {Z CO. PEHFIFHNL & A S
 AER— R 4. 7[kg/m’] @Dynamo % FAVNT Excel ™ CO.PEH AL A
RI e s A VAHE | 8. 1[ke/mt ] Fhi
KA ¥ @Dynamo Z AT Revit OEMF—& #HiH L
CAER—R . Dynamo T COHEHEAFHETS
7S BUEITE e Y— | 283, 5lke/m’] ¥ @FERIE Revit DBEMEID /T A—=ZITHTIL,
gy )— Mz TEHFRICHLETRTD
k 225mm Type3  Dynamo Z AV T COFEHEBZFHE T 2 HiE2 (R
1 ar 7 U— L FF 2 R) 0O 00 HEHHHRIE L (DExcel 17 COPEHBIFEALZ AT)
%2 FH G FHl fB4+PB) 0 C0: HrH{BRUHAT @Dynamo % i\ T Excel 0 CO. HEHIRLIFHALZ
Z1LC. ABFFETIL, Table3 IRd 4 SOEELFIE it
D5 b, Type2~4 O 3 SOERILFIELFIHRE LI, @Dynamo & AT Revit DJEMET—5 ZAlit LT,
Typel (XILIFOTFETH D FEyTCOANZFEAR LTS Dynamo _E"C CO BRI RA R 2
FIETHD, Type2~4 I[TEZEORET HFHETHY, @RI Excel 170
Type2 1Z Typel DI %t L9~ Dynamo T 9 T, Typed  Excel % FIVNT COHRHIRZ 3BT 5 H1: (D)

Type3 13 Dynamo = CEHRA D COHEHFE % KD Excel 12
T ZAR— b LHFE, Typed 1F Excel ([ZJ@MEGHAZ T
27 ZAR— kL Excel T COHEHEAFHT L2FIETH
b, F7-. Type3, Type4 TExcel ZHD ANT-FlHE L
TR ER LTS Y 7 FThHDHEND T & HEFHKRT
COPEHHEZFRRTHEND, KEFFEY 7 M THD
Excel THUHATX 2D Tid/ev b5 Z & Dynamo %
452 & TExcel & DRevit T —F DA L R— |-
T AR— "D TDRT W ETH D,

4 SOTEBACTFIEDORHRE Tabled (2 DT,

FER L LT HEH Y 7 MMI Typel IZRevit DHTH Y |
Type2 % Revit & Dynamo D 22D Y 7 k., Type3, Typed
I% Revit, Dynamo, Excel ® 32DV 7 hafifH+5%, +
7=, COHEHEDFRITIEL LT, Typel, 2 (L Revit TH
7 AU T & OEFREZERT 5723, TypeS, 4 13 Excel EIZ
TARTOEMD COHFHEEZRRTHIENTE D,
Type2 O—fFilL LT, Fig. 2 1IKEMIT =7 hRT
A= EBINT 57077 A Fig 31X C0- Pt @A A
TAHETaT T LTHD,

FEio, 85 BIM 7 /WM &2 BN L 72358 10 B e
TARREMED DTz, b ENBEHIN TV DEM 2 HET
Brer. Typel 13, BN LTZER /3T A —21Z CO-PEHIE
JFHAL 2 FENCAT LT U7 5720, Type2 13, E&
(VHRA T2 U7 B 72 TR NS BEDI A BE

ORI E>Tar 7 V= DEINER ST 5720,

Dynamo D71 7T AOIEENPMIEZ /> TLE 9, Type3,

DExcel {Z CO-HEHTIFHNL & AT

@Dynamo Z AV T Revit D@t —& ZhiH L.
% Excel 12T 5

BExcel T COHEHEZFHETD

Typed DHE S, FERALOBITIT ) TRHEFE,

ZLC. 5 BIM BF /ZIHER ST W=7
BB LI 2 OBEI 72 5 TR TR LT, Typel
D, TaY =) bRTA=ZDBINE, Z ZIT C0.HE
HEEHATSOE S OS5 TR CATALERH S,
F 72, Type3, Typed I&, Dynamo D% Excel (ZHI/13
BRI TR B VO A ESE LTV B T8, DB
33 Dynamo D7 1 75 KAAZE LU/ 7y, L
ML Type2 DB, ERIURIATD AU AR B2V T
RIIIONZ D32 7o ARFFED HHY T % Dynamo %
FAT L LickrERMOABbE R L E 2D
DTIEARNED I By,

TOIIIRSA-S
B LA

Fig.2 Dynamo program of type2(1)
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Table4 Comparison of CO: emission quantification methods
ERVFE Typel ([LIE™) Type2 ($2%5) Type3 ($2%5) Typed (#24)
Revit + Dynamo + Revit + Dynamo +
FERY—n Revit Revit + Dynamo
Excel Excel
CoHEH BRI Revit (J£51+3%) Revit ((EEHE%) Excel Excel
; § Dynamo H#h Dynamo H &)
f e 0 ) Excl FH#) Excl F#)
Rl CEREF D ) ) .
CO-BEHH RIS e LM LM e LM
BINDORS
i LEST D INT A—H R
EMORS ) LR Dynamo PNODZEF# Dynamo PNODZEF#
+C0. 5 i D J:.
-CO- HEH &I Dynamo £ | fFHjE;L v
T TRET S
N ) | AR )T B Excel
cJuves k * Type2 (Zkb, 7'm v
o= . L DENERELTND
NT A —HEBINT * Revit DB THART =7 "RTA—F EAE e BAI L o<
Z N [ - D
VER DD OIFHEIHERTESD | BV Dynano D7 THEe
y - . . Dynamo b CE/LONE
DARDE% - EHEOBEMZ Ll CTRTOTREE 077 LEID R .
N P , EEETHUNERD D
COHEHH EJFHNAICIE X | Dynamo TITH 728, - [H#E 7795 Excel R A 7
DWEEFICANT | 0/ TLORBE | DEAEIREL TS | T T
BUERD B, B ko | 0 e PRt
N REHEAL, G C0HE
Dynamo b CE/LONE W% 35 5 24
BaFET 50
BEE B LERDD %j

X1 BEOLA, FEICE > Tar s UV — NESRER L7290, Dynamo NOEEBLENI/R D
¥2 HOENULD, TRTOEWMDOT =7 b5 A—Z 1B - C0.HEHEDF §®7U77A%1/EEZLTD‘Z)%A

/_Pe 22 comu-

Fig.3 Dynamo program of type2(2)

2.2 2FEETBIMETIL

Z ZTIE, Fig.4, 51RTLREMER LTz BIME
7L (H3d - RC &, PR - 2 YRR C, SE~REFE @ 453 m)
AT O LIz, Type2~4 OF4EA T C0:HE
HEE B L AR T,

FER L LT, Type2 OTFET COHEHEA E &
LT TERD o, BEIE, EEHRAAFRT DBRICET L
WAEEH L7288 & 20 CoHEHED Y 7 LTAN S
RN TH D, Fig6 DX DI [BE] hT T H A

T llcmfgEa it L, CoPEHEDFEZIT 5, Tabled
® B FNZET VR LTSN 7 X AITASh D
728, CHITEE D COPEH B A 7T H BRI FE TRt

A2 AT RS2 56G0h o0,

352

Fig.6 Program of dynamo
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TableS Wall schedule Table6 Excel created with Type3 (excerpt)
A B C CW 102-50-100p RE- 7o /—,,_;; 100 - mE- 7o / 7—% 190
Tk IPEUEBAT CO2fkit B 'M—’
E10 fmEs CW 102-50-100p 113921 kg g
11 wiEE CW 102.50100p o
813 Bier CW 102-50-100p e
B14 Bier CW 102-50-100p S
%16 {EEE CW 102-50-100p g
#15 fE=E CW 102-50-100p
6 {Zi=E CW 102-50-100p
% fE=E CW 102-50-100p .
&5 EEE CW 105-50.100p Table7 Excel created with Type4 (excerpt)
&5 REE CW 102-50-1 OOD # 4=:zf: I il ‘ oW 1:)?-5{11(:0;» [ . PEE- 70y 7 7100 ik - ME-70y 2 ‘ 7190 Tk
&9 miEEE & 005 100 o i 5 [
7 wiEE G 102756-100p 5 1545 o
&1 & CW 102.50-100p o e o
N—rooa-lb1 n—TuoA -l 5% L i e ecomin
&8 EHER A8 -0y -5 100 28,63 504554 | 2928408 |
E98 B e J0ybo <5190 e
ara ————— o1
54.73
27.33
Type3 @ Dynamo b THKEM D COPEHHEZFHE LZh =
% Excel |CT7 AH— M BFEL, Typed DM LTZ

HA ORI (HfE, A & Excel |Zm7 AR— L
Excel _ECCOPEHEAFHET 5 FETHIUL COHPEHE
SN TIEHLINERIT D ENAEETH T,
Table6 23 Type3 CfERL L7z Excel 2%, Table7 73 Type4 C
YER L7z Excel X TH D, EIEIIREDERST )Y Dynamo
WHTY AR—F L, HEIC A SNEERTHY . F
o s B & TR AR E L, &k DA 5 CoHEH &
R L,

ELELLFETOATHAND RN EnD, 588T
TRV AENET D Z LN TE T,

3. #@E

3.1 HAROKBHE

AWFFE I, LIRF223ME%E Lz Co PR EE Rt Tk
(Typel) ZH LT, Revit ODEY a7 VT rloI 7Y
—/LCd % Dynamo % AV /= CO.HEH EiE Bfboo HEhk
1 77 AOVERRC, Excel ZAfH L7o#ii= 72 E &b FED
WEEIToT2, T, TNENOFEREE LT, TV
\ZEHER o> T8 E DOEBILDFHEOE A fEE LT,
FER L UC, f#i5 BIM S A O84 . Type2 OFIEIF
kA DIE CAEE 2 B0 L 72RO E B L RHZATh 2 U
UM 22 W TREN ) s 7=, N2 CL =7 28 Lz
Bt EEACRHIAT O TATENZ E RV oTe, 2D
EMNDARED BRI TH S T X 0 NRIIEEETTS |
L9 SIZRI LT, Dynamo DFRATEH 5 BIM &2 HW DR
DU—r 7ua—OHBLATENT Z ENTE, BVEE
RLTZEWZ 5,

L LRy b, 2 BT BIME7 /L0 COHEH BE &AL
T Type2 OFETIIEEALEITO 2 EMTE o7z
23, Type3, Typed DFETIIERBILNATRETH -7, 2
OFEE LEERAEE & ETIIOD 2D - 7273, Typel
DT & T 2 & FEICOANEE B2 0D Lz
7o, THLBARMIEO BIAEER L2 & W HDTIE
TRNTEA DD,

3.2 FaE

2 PEAEC BIM BT /LD CO-HEHEE AL TIL, Type2 &
FETERITHZ ENRETEZ DBEESNRHD | &
B bETT 2 MEENRH D, Type3, 41355872 HEMELTIX
TRVDNERILT HZ ENTETZ, Typed, 4138V #Ee
ET IV TORGEEZATV, ERMICZHIT TA% Lo Ehix
REEAT > TOE T2,

2 E XM

(1] SHEE - BIM E7/UZI81T 2% COHEHERDM S HE Rk
FHE@D, KEREXUBERTFAER L, 2022 FHE

(2] EHFE:BIM (2361 % COHHHEBDOMIS ERILFEDRG,
AARE AR KRR [T, 2023 4R

[3] Vivian WY. Tam, Yijun Zhou, Liyin Shen, Khoa N. Le :
Optimal BIM and LCA integration approach for embodied
environmental impact assessment, Journal of Cleaner
Production, volume 385, 2023 4£

(4] BAEESEES,
https://www. aij. or. jp/jpn/books/1ca2013/
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Development of an energy demand estimation model to support municipal decarbonization
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*1  Osaka University
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To achieve local decarbonization, municipalities need to plan and implement decarbonization measures that are

appropriate to local natural and social conditions. Currently, however, the data and tools available to municipalities are

insufficient. Therefore, this study developed a model that can estimate energy demand for an entire region while taking

regional characteristics into account. Case studies conducted in two regions with different characteristics showed that the

developed model can be used to estimate electricity demand taking regional characteristics into account and can be used to

analyze future demand in the region.
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Fig.2 Number of non-residential facilities by business type
Table 1 PV capacity and residential HP water heater installation

scenarios
Hudak A Hilek B
2021 2030 2050 2021 2030 2050

pPv [MW] | 21.3 | 30.7 | 60.0 | 2.2 3.7 8.8
HP [%) 17.8 | 35.6 |[60.1 |4.1 8.3 13.9

Table 2 2030 and 2050 scenarios for the business facility physical

model
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Estimation of the amount of renewable energy from kitchen waste in the Yumeshima area
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Consider a system to collect garbage at a sewage treatment plant using disposals in the Yumeshima area. The kitchen

waste collected at the sewage treatment plant generates biogas, which is then used to generate electricity with a gas engine.

The amount of electricity generated and the amount of waste heat from the gas engine are compared with the demand for

electricity and heating used in the sewage treatment plant. The amount of CO; emissions reduced by the amount of biogas

generated and the amount of waste heat recovered from the gas engine is calculated.
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Fig3 Nempaij and Nepmyp bij in restaurants
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Fig5 Nempaijand Nempbij in hotel and inns

Table 1 Four kinds of parameters in each industry

Office building Assembly hall Restaurant Other retail stores  |Hotels and inns
R_effecj 0.50 0.52 0.63 0.62 0.74]
D_perj 0.10] 0.25 0.80 0.32 0.05
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Table 2 Biogas generation source in anaerobic digester

case@ |Only current sewage sludge in Konohana Ward

case® |Only current Konohana-ku sewage sludge + Osaka IR sewage sludge

case® |Current Konohana-ku sewage sludge only + Osaka IR sewage sludge + Osaka IR kitchen waste

Table 3 Amount of digestive gas generation in each Case

R vacj 0.23 0.13 0.00 0.00 0.00
R_empj 1.00 0.05 0.18 0.16 0.10
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Fig.6 Kitchen waste disposal by type of industry
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Fig.7 Annual biogas generation and percentages of self-

consumption rate in a sewage treatment plant
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B Digester tank heating B excess heat self-sufficiency
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Fig.8 Breakdown of recovered heat use
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The Impact on air conditioning and heat source energy consumption in university using Central

Heat Source Systems

Analysis of CO2 Emissions Per Person and Proposal of Energy Saving Measures

Ofazk )k (SranfEK5)
Takuma MUNENAGA*1

Tomoyuki CHIKAMOTO*1

A BT (LR

*1 Ritsumeikan University

Currently, more energy-saving measures are required for university facilities to achieve carbon neutrality. The purpose of

this study is to create the base data that can estimate CO, emissions per person by outside air temperature, number of people,

and time of day, and to propose energy-saving measures. As a result, we analyzed the relationship between energy

consumption for each building with outside air temperature, time of day, and number of people. We create the base data that

allows us to estimate CO; emissions for each building, and propose energy-saving measures for FH.
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Table 1 Overview of the building to be analyzed
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Table 2 How to distinguish between weekdays/holidays, heating

season/cooling season

Distinction between weekday and holiday

weekday (class day)

holiday (classX)

regular classes

Saturday/Sunday

Holiday class days

vacation

golden week

makeup classes

Make-up exam date

Regular exam date

intensive course

Distinction between heating season and cooling season

FY 2021

FY 2022

heating season : 4/1~5/9,10/21~1/29

heating season : 3/31~4/18,11/1~2/7

cooling season : 5/10~10/20

cooling season : 4/19~10/31

BEMS data

[ (amount of heat supplied by water, Power consumption) ]
—

~calculation~

« Number of people by time per building
« Energy consumption per person per building

s
« Energy consum

\___day and energy

~analysis~
ption by time of day for each building

- Correlation between outside temperature, number of visitors, time of

consumption

AN

—

Understand the current situation of the target building
and propose energy-saving measures

Fig.1 Flowchart of the study

[ Understand the total floor area of each building from the area table}

|

Building usage name |Building name |abbreviation |year of completion [total floor area [ni] [ Calculate the capacity ratio of each building from the area ratio }
office CORE STATION |CS 1993 6898 =
library MEDIA CENTER |MC 1993 5922 [ Multiply the number of people staying at the university by time of day by the area ratio }
cafeteria UNION SQUARE |US 1993 6677 —~———
complex*? PRISM HOUSE  |PH 1993 9503 | Calculate the number of people staying in each building by time of day |
classroom FOREST HOUSE |FH 1993 5686
EAST WING EW 1993 12206 hofexample) Total floor area Total floor area Number of people ‘
research building |WESTWING  [ww 1993 12206 [ The whole university | | of the building of all buildings staying in the building
TRICEA T 2014 6579 5000A X 6,677ni / 255514ni =  130.658.A
EXL1 EXL1 1993 5973
experiment building |[EXL2 EXL2 1993 5248 Fig.z How to calculate the number Ofpe()ple
EXL3 EXL3 1993 5651
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Fig.3 Regression analysis result of amount of heat supplied by water
per person (CS)
Table 3 Regression analysis result of amount of heat supplied by

water per person (11 buildings)

Y : amount of heat supplied by water per person

X : outside air temperature by time of day

Building usage name|office library cafeteria |complex |classroom|
Building name CS MC us PH FH
heating season 0.1517 0.1757

cooling season 0.1705 0.0636 0.1021 0.1295 0.0411
Building usage name research building experiment building
Building name EW ww T EXL1 EXL2 |EXL3
heating season 0.1687| 0.1412| 0.084| 0.0913

cooling season 0.0276| 0.0231| 0.0308| 0.0119| 0.004| 0.0072
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Table 4 Multiple regression analysis of amount of heat supplied by

water (heating season)

Adjusted R2 1 0 B 1
| — ]

absolute value 0

heating season : amount of heat supplied by water

Building usage name office |library |cafeteria |complex |classroom
Building name Ccs MC us PH FH
oaT o2z
. B |nun of people | 0.203 | 0.096 0.079 (NS 0.375
morminng |- time 0.126 NS 0143 0117 |NS
Adjusted R?
OAT
i B [nun of people | 0.140 |NS 0.057 (NS 0.411
daytime | e 0.095 |NS 0.049 |NS 0.095
Adjusted R?
OAT -0.176 -0.522
. B |nun of people | 0.407 NS 0.253 NS 0.525
eVening | ltime NS | -0.168 |NS ~0.306 |NS

heating season : amount of heat supplied by water

Building usage name research building experiment building

Building name EW ww T EXL1 [EXL2 |EXL3
OAT
) B |nunofpd 0148| 0.140| -0.174| 0218 0142| 0.327
norng time 0.240 | 0.300| 0.205| 0.330] 0.216 |NS
B |nunofpd 0.140| 0.145| -0.178| 0.329] 0.138|NS
daytime n
time 0.095 | 0.095 |NS 0.140 | 0.086| 0.095
Adjusted R?
OAT
. B |nunofpd 0.289 | 0.289 [NS 0.478 [NS NS
evening time  |NS NS -0.116 |NS 0.233| -0.280
Adjusted R?

Table 5 Multiple regression analysis of amount of heat supplied by

water (cooling season)
cooling season : amount of heat supplied by water
Building usage name office |library |cafeteria [complex |classroom
Building name Cc mMC us PH FH
OAT
i B |nun of people |NS NS 0.175 0.225 0.375
morninng time
Adjusted R?
OAT 0.378
. B |nun of people | -0.253 [NS 0.126 0.145 0.337
daytime | e -0.094 | -0.049| -0.088 |NS NS
Adjusted R? 0.251
OAT 0.510 0.574
. B [nun of people | -0.066 |NS 0.059 0.058 0.225
evening | fime NS |NS |NS NS NS
Adjusted R? 0.254

cooling season : amount of heat supplied by water

Building usage name research building experiment building

Building name EW ww T EXL1 |EXL2 |EXL3
OAT
) B |nunofpd 0.089| 0.097| 0143[ 0219 NS 0.080
norninng time |NS NS NS -0.098 | -0.065| -0.116
Adjusted R?
OAT
i B nun of pi
daytime time
Adjusted R?
OAT
i B nun of p
evening time -0.119 |NS NS 0.053
Adjusted R?

FE, FEADNRIZ A 3 R S hufz, MC T 4 1R
L7- MC IZ31F 5 2022 45 7 A OEIEEL /KNG b iEE
HOEZBIZE{ V)~ 6 [ EAiE O BRAEI R I E BB D 2L,
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Fig.5 Regression analysis result of the electric light per person
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Fig.6 Regression analysis result of the electric power per person
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Table 6 Multiple regression analysis (electric light)

absolute value o Adjusted R2 1 0 B 1
I —==
electric light Building usage name |office |library |cafeteria |complex |classroom
e ligl Building name cs _mc_ |us PH FH
OAT 0.368| -0.183 | -0.232| -0.272| -0.272
) B |nun of people 0.294 | 0.145 0.562 0.468 0.468
morninng |- ftime 0.644| 0654 0386| 0.636] 0636
Adjusted R? 0657 0513| o0.621
OAT -0.498 0.332| -0496| -0.496
heating davti B |nun of people 0.383 | 0.249 0.738
season | VUM | [time -0.128 |NS 0164 | 0.051 0.051
Adjusted R? 0316| 0452 0568 0.631 0.631
OAT 0388 -0.403| -0.208| -0.221| -0.221
B |nun of people -0.296 | 0.321
e time -0.381 |NS 0.464 |NS NS
Adjusted R? 0435] 0199 0331| 0675 0.675
OAT 0268 0.244| 0219 0198 0.196
) B |nun of people 0.335 | 0.094 0.641 0.555 0.554
mominng| " time 0480 0614 0264 0488 0.490
Adjusted R? 0.617 | 0.576 0.690
OAT 0.391] 0.629| 0323 0314 0317
cooling davti B |nun of people 0.403 | 0.074
season | Y™ | [time 0.129| 0041| -0.150| 0.070 0.070
Adjusted R? 0.252] 0379| 0667 0.724 0.726
OAT 0116 0.443| 0172 0.216 0.220
B |nun of people 0.542 | 0.093
S 1 |time NS 20.127| 0.600| 0.288 0.292
Adjusted R? 0323] 0278] 0359 0.736] 0738
lectric light Building usage name research building experiment building
electric g Building name W ww [T EXL1 |EXL2 |EXL3
OAT 0.735 | -0.323 | -0.307 |NS -0.148 | -0.287
| B [nun of people -0.359 | 0.315| 0.194| 0.354| 0.083| 0.355
mominng|  ltime 0.249 | 0.726 | 0.620| 0473 0.614
Adjusted R? 0.147- 0518 | 0.501| 0.692| 0.672
OAT -0.554 | -0.597 | -0.532 | -0.258 | -0.251 | -0.435
heating | B |nun of people 0.486 | 0.581 | 0.325 | 0.604 | 0.346 | 0.564
season | © time 0.409 | 0.329 | 0233 0.323| 0.441| 0.359
Adjusted R? 0474 | 0527 0.303] 0.390] 0.275| 0.425
OAT -0.378 | -0.383 | -0.435 | -0.153 | -0.266 | -0.318
B [nun of people 0513 | 0569 | 0.419| 0.740| 0593 | 0.586
e | [time -0.297 | -0.289 | -0.205 |NS -0.161 | -0.285
Adjusted R 0582 0.648| 0.406| 0.514| 0.497 | 0.650
OAT 0378 | 0.371 |NS 0300 | 0.216| 0.279
) B |nun of people 0.280 | 0.356 | 0.161| 0.376 |NS 0.276
mominng| - ftime 0574 | 0550 | 0576 0.378| 0.709| 0586
Adjusted R? | 0798 0835 0.445] 0.545| 0.630| 0722
OAT 0.494 | 0532 |NS 0546 | 0.130 | 0.340
cooling | =~ | B |nun of people 0.461 | 0.621 | 0.309 | 0.227 | 0.173 | 0.460
season | ) time 0381 | 0.242| 0.279| 0.342| 0.406| 0.304
Adjusted R? 0.474| 0545 0153 0.355| 0.190 | 0.325
OAT 0.355 | 0.426 |NS 0304 | 0119 0.231
B [nun of people 0548 | 0.652| 0.434| 0.639| 0.445| 0.407
e [time -0.152 |NS -0.106 |NS -0.260 | -0.354
Adjusted R? 0.662 | 0.681| 0.272| 0.553| 0.493 | 0.639
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Table 7 Multiple regression analysis (electric power)

) Building usage name ‘office ‘Iibvary cafeteria |complex |classroom
electric power —
Building name CS MC us PH FH
OAT -0.102| -0.203| -0.496| -0.496
) B |nun of people 0.312 |NS 0.176 0.176
mominng| " ftime 0.479 | 0.433 NS 0.336 0.336
Adjusted R? 0.668| 0.175| 0631 0.307 0307
OAT [0863] -0.217| -0.064 | -0.633|  -0:633
heating . B |nun of people 0.316 | 0.154 0.802 0.178 0.178
season | 91 | [time 0.087 |NS -0.155| 0.067 0.067
Adjusted R? 0672| 0.048| 0.666| 0.359 0.359
OAT [0782] -0.177 |ns 0487| -0487
) B |nun of people 0.332 | 0.264 0.622 0.182 0.182
e |time NS 0128] 0.399 |NS NS
Adjusted R? 0.605| 0.049| 0159 0.225 0.225
OAT 0630 0438 0339| 0541 0531
) B |nun of people 0.260 | 0.086 0.074 0.070
morminng | ftime 0158 | 0.307| -0.114| 0.140 0.147
Adjusted R? 0543] 0380 0741 0357 0.348
OAT 0.746 | 0460| 0366 0.629 0.633
cooling . B |nun of people 0.267 |NS NS NS
season | 9Me | e 0.055 |NS -0.107 |NS NS
Adjusted R? 0531 0211 0.754| 0395 0399
OAT 0697 | 0.400| 0.083| 0582 0.582
B |nun of people 0.261 |NS -0.128 -0.125
el [time 0.238 |NS 0.689 |NS NS
Adjusted R 0474 0.159| 0286| 0334] 0335
) Building usage name l research building experiment building
electric power —
Building name EW ww T EXL1 |EXL2 |EXL3
OAT 20.625 |NS -0.205 | 0.619 | -0.173
| B [nun of people 0.174 | 0.256| 0.090| 0.163 |NS 0.296
morminng| - ltime 0548 | 0649 0.158 |NS 0.155 | 0.332
Adjusted R? 0.703 | 0.753| 0.047| 0.038| 0450 0.270
OAT -0.080 |NS 0.439 | -0.284
heating 3 B |nun of people 0.233 | 0.319 |NS 0.131 | 0.209 | 0.421
season | 4Me | e NS 0.057 NS |NS 0135 | 0.212
Adjusted R? 0.696 | 0.745] 0.005| 0.016 | 0.309| 0.202
OAT -0.067 | -0.094 | 0.509 | -0.210
B |nun of people 0.272 | 0.391 |[NS 0.172 | 0.392| 0.448
€1 Jtime -0.257 | -0.197 | -0.114 |NS 0.151 | -0.199
Adjusted R? 0.666 | 0.677| 0.012| 0.029 | 0.406| 0.354
OAT 0589 | 0.535 |NS 0.766| 0614 0.199
) B |nun of people NS 0.156 | 0.109 |[NS -0.107 | 0.097
mominng| " lime 0.316 | 0.352| 0.161 |NS 0241 | 0274
Adjusted R? 0546 | 0568 0.053| 0.586| 0514 0.171
OAT 0.800| 0.747| 0.097 | 0.690| 0.614| 0.256
cooling . B |nun of people 0.081 | 0.185| 0.134 |NS -0.098 | 0.121
season | VM | e NS |Ns NS 0.059| 0139 0.180
Adjusted R 0613 | 0521 0.018| 0.484] 0.450| 0.096
OAT 0.776 | 0.656 |NS 0.721 | 0594 0.178
B [nun of people 0.096 | 0.203| 0.121 | -0.068 |NS 0.276
21 ltime NS |NS NS NS -0.202 | -0.250
Adjusted R 0632 | 0508 0.014| 0.511| 0455 0.315
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RACZaL—2aVIT&RERAIIRBICE TS E 2 LBIEO R HEE 4T
Uncertainty Assessment of Environmental Fate of Radioactive Cesium in the River Basins of
Fukushima Prefecture through Long-term Simulation

OAFE  BE CRBROKRT) iz b 3 (AR IR FERR JEAAR)
USRS N ON PN ) R B CREOR) g B CRBRORE)

Akira NITTONO*1 Tsubasa IKENOUE*2 Hikari SHIMADERA*1 Tomohito MATSUO*1 Akira KONDO*1
*1 Osaka University *2 Japan Atomic Energy Agency

The Fukushima Daiichi Nuclear Power Plant accident caused extensive '*’Cs contamination. Long-term simulations have
been conducted to predict the amount of '*’Cs outflow from river basins to the ocean. However, there are uncertainties about
the influences of rainfall, tree types and dams to the '3’Cs outflow. This study focused on how much these three factors
influence the '*’Cs outflow in eastern Fukushima river basins from 2011 to 2040. The *’Cs outflow varied by -10 to +17%

depending on precipitation, and by -16 to +19% depending on tree species, decreased by 21% by dams.
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Table 1 Initial '*’Cs deposition in Forests

2SR - fAE TR SR
IR IE RS OCE (2024, 3.8)

1 2 3 4 3

DB 0.17 o] 011 041 031

EC 034 o] 008 034 023

B Deciduous broadleaf trees
B Evergreen coniferous trees
Shrubs, Grasses, etc.

Fig.3 Distribution of dominant tree species

Deposition
h 4
1. Leaf, Branch, Bark » 2. Wood
F 3 ¢ *

—> 3. Litter

A A
— 4. Organic Soil —>

A A
—_— 5. Mineral Soil L

Fig.4 Diagram of forest model structure
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7-11 HT088)Th-o7=, ZOBMNEEZ H 212, 3250 b
T v TR EFGE LT-, Table2 ([CRFE /7 —AE/RT,

Table 2 Calculation cases of TE (Trap Efficiency)

Calculation case TE
1 0.69
2 0.83
3 0.96
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Fig.5 Cumulative '¥’Cs export from eastern Fukushima 14 river basins
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Fig.7 Cumulative soil particle runoff
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Fig.8 Cumulative 3’Cs export from forests
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Fig.10 Cumulative '¥'Cs export from Ukedo river
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Evaluating the Effects of Fishing Pressure on Bioecosystems at Harima-Nada in Seto Inland Sea Using Monte

Carlo-based Food Chain Model
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Shun OKAZAKI*1 Yutaro KOGA*2 Hikari SHIMADERA*1 Yuichi SATOH*3 Valentina PINTOS ANDRCOLI *1
Motoharu SUZUKI*2 Tomohito MATSUO*1 Akira KONDO*1

*1 Osaka University *2 Hyogo Prefectural Institute of Environmental Sciences. *3 Lake Biwa Environmental

Research Institute

There is a high fishing pressure, which affects the marine ecosystems, and a decreasing trend of fishery production in

Harima-nada. For sustainable resource management, the relationship between the pressure and the ecosystems needs to be

investigated. In this study, we evaluated the response of the ecosystems to the pressure in the Harima-nada using Monte

Carlo-based food chain model that takes fishery into account. The results indicated that piscivorous fish decreased with

increasing fishing pressure, but planktivorous fish increased because the impact of the decrease in its predator was larger

than that of increasing fishing pressure.
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Fig.1 Structure of food chain model, N: Nutrients, P:
Phytoplankton, Z: Zooplankton, F1: Planktivorous Fish, F2:

Piscivorous Fish
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Fig.3 Comparison of calculated and observed TN concentration
and Phytoplankton biomass 2010s for 1000 patterns. The top and
bottom of the box represent 75th and 25th percentiles
respectively. The top and bottom of the vertical line represent
95th and 5th percentiles. The inner line is the median and the

asterisk represents the average.
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Fig.4 Material flows and stocks for each catch scenario calculated in the Harima-nada model (fishery pressure multipliers from left to

right: 0.2, 1, and 2). represent the average of 1000 patterns. (PP: primary production, SP: secondary production, TP: tertiary production,

QP: quaternary production, TE: trophic transfer efficiency (= predator production/prey production)).
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Fig.5 TN and biomass concentrations and ratios of fishery mortality to total mortality for each fish species (blue line: F1, orange line:

F2) at different fishery pressure (lower axis: catch multipliers). Plot are results of the average of 1000 patterns for each mode
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Study on the relationship between urban block characteristics and weak wind ratio based on
LES

O ffiy (HFRF)

Kazuki YAMAKOSHI *!
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Hideki TAKEBAYASHI *!

*1 Kobe University

The measurement results of wind velocities in central urban blocks of Kobe city were used to verify the accuracy of the

calculation results unsteady analysis using LES model. Although the numerical calculation results have too small fluctuations,

the average wind velocities were well aligned with the measurement results. We evaluated the weak wind ratio on each

pedestrian area, which includes sidewalks, narrow roads without sidewalks, and intersections. The weak wind ratio increases

when the average building height around the road is low and the road width is narrow, or when the average building height

around the road is high.
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Study on Aquifer Thermal Energy Storage System for Space Cooling and Heating - (Part 12)

Development of a Lumped-Parameter Model for Simulation of Interseasonal Heat Storage

Utilization-
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We developed a simplified model to reproduce the temperature response in an aquifer during ATES seasonal operations.

The model assumes unsteady heat transfer to the impermeable layer, which was not assumed in the old model, and

simulations were conducted to confirm the accuracy of the model. As a result, the model succeeded in reproducing the heat

recovery rate of ATES during seasonal operations with high accuracy.
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calculating cycle short : Injection 9h—Stoppage 3h—Pumping 9h—Stoppage 3h long : 90day 15cycle s
gravel water cray ’
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-(Part 11) Estimation of Aquifer Thickness Based on Temperature Time Series Variation

and Location of Unrecovered Heat —
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Aquifer thickness is one of the key indicators of the heat recovery rate of an aquifer thermal energy storage system (ATES).

This study aims to understand the relationship between aquifer thickness and heat recovery rate by analyzing unrecovered

heat in the vicinity of the aquifer and estimating the thickness of the aquifer from temperature sensor observations in the

aquifer and impermeable layers. In this report, we show that under conditions of no groundwater flow velocity, the thicker

the aquifer is, the more heat is transferred to the impermeable layer, resulting in a lower heat recovery rate.
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Fig.1 Operation cycle and unrecovered heat
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Fig.2 Heat recovery rate by aquifer thickness

Table.1 Operation cycle

& TR
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0o : W HIHIR EE[°C]

0; : FT R i IZB 1T HIRE°C)
N:T7—5%

Spread of heat storage mass

Aquifer
thickness

If the aquifer is thin
If the aquifer is thick

Fig.3 Spread of heat storage mass

Area in contact impermeable layer

Name Value
Operation period[day] 365
Water injection period[day] 0~120
Stoppage period[day] 121~180
Pumping period[day] 181~300
Stoppage period[day] 301~365
Original ambient temperature[°C] 18 o e #hinle thickness P
Winter water injection temperature[°C] 13 If the Aquifer is thick If the Aquifer is thin
Water flow rate[m?/day] 833 . . . .
Fig.4 Heat transfer to impermeable layer by aquifer thickness
Table.2 Physical property
Longitudinal Volumetric heat  Thermal conductivity Coefficient of Aquifer Darcy velocity
Name Porosity [-] dispersion [m] capacity[MJ/(m3 +K)] [J/(m-s-k)]  permeability [m/s] thickness [m] [m/year]
Aquifer 0.3 2 3.18 2.07 1.73%x1073 0.3 0.3
Impermeable 0.3 - 3.06 1.2 1.0x1078 0.3 0.3

layer
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-(Part 14) Effects of Aquifer Thickness and Environmental Flow Velocity on Heat Recovery
Rate-
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Ruiguang TANG*1 Masatoshi NISHIOKA *1

*1  Osaka Metropolitan University

Linri CUI*2  Shinji MIHARA*2 Minako NABESHIMA*1
*2  Mitsubishi Heavy Industries Thermal Systems, Ltd..

Aquifer Thermal Energy Storage system (ATES) is expected to save energy by storing the waste heat from the building

in the aquifer. In this study we advance ATES system operation by using simulations to understand how aquifer thickness

and environmental flow velocity affect heat recovery rates. Insights from this research inform strategic planning for future

operations, optimizing thermal energy use and enhancing system efficiency.

1. [FL®HIC
ATES % EHIIC D720 ZSh3R0ER T 5 720121, 4
M DOENE: « Jiil/ T o A % GHEICHERF -2 BN H 5.
ZDT=DITIE, - Z LI GERFRR A M L RAFEOENANIY
BraPHIL, BKREREELEA 7V 2 — a2 RD D
VN D D,

BEAEAFZE 2 0 B & AH 7 2 PV CENRIER
KBRS LBREEOE RS KE 2T D LN
Mol TNEZIT T AR TIEHE Y I 2 b—ra itk
DEKBIE S - BRETHEE & BEILERT D ORHR A RDHIE
Y25, 2 2 THRLND AL, IREDBBIEREHEES
LEEOHRIRERNC 2D EEZ D,

2. BKEBETIVERE

AWFEDET ME, 15 AT A A, 14 LA ¥ —TCHET
%, MRS A Figl [ZR7, 0 A— ML BHET 50
A—MVETHTET, S A HD D, 50 A— FMLELF
D5 JBIIHAKET, YD 4 BIIHETH D, HAKE
DAJEOIRE S (THET, WMEEEZE 2 TICEKEDE S
LERBEMEATE L C, 7 —ARZT 4 &7,

2.1 ERETILEYMHE

MR % Fig2 12, BVREWEL Table.l |77
Table.1 |27~ L7cBVBRITHEV I BE TH Y . B
RIFHEHERED 1110 L35, £7-, Fig3 & Fig4 I
RSO W E OB EME 2 xS, FHFEHO
250mx200m DOFIPAITA 3 231 XZH#7>< (40.7 nd) L.
ZOMOFEPIEIA v =2t A X% 160 m & Lz,

2.2 5—RRET4

HOKBIE S % 4 450k (5m, 10m, 15m, 20m) . AFREEIATK
B FERES/KE %2 4006 nd, 10 i), BRESiH
% 3 2&1(0m/year, 25 m/year, SOm/year), ERBEITIEDIEN %
2 5 (B & fim), BRI im], A & ) OfAS
DT —ARZT 4 %17 H, EEAT V2 — L%
Table2 |Z/RT, LIBED r— AR X T ¢ IR ZAREIY
i, ETRRAHFICBT 28ETH S,

Table. 1 Physical property

Name Aquifer Impermeable layer
Porosity [-] 0.3 03
Longitudinal 5 -
dispersion [m]
Volumetric heat 318 3.06-
capacity [MJ/m?+K] '
Thermal 1.2
conductivity 2.07
[J/(mes<K)]
Coefficient of 1.0x10%
B 1.73 X103
permeability [m/s]
Aquifer thickness -
5,10,15,20
[m]
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depth[m] | thickness[m] slice | layer depth(m) |thickness(m)| classification | slice | layer | |depth[m] | thickness[m]| classification slice | layer | | depth[m] slice | layer
0 1 0 1 0 1 0 1
40 Impermeable layer 1 40 Impermeable layer 1 40 Impermeable layer 1 40 Impermeable layer il
-40 2 20 2 -40 2 -40 2
7 Impermeable layer 2 7 Impermeable layer 2 7 Impermeable layer 2 7 Impermeable layer 2
-47 3 a7 3 -47 3 -47 3
2i5) Impermeable layer 3 25 Impermeable layer 3 25 Impermeable layer 3 25 Impermeable layer 3
495 4 495 2 -49.5 4 -495 4
04 Impermeable layer 4 0.4 Impermeable layer ) 04 Impermeable layer 4 0.4 Impermeable layer 4
-49.9 5 299 5 -49.9 5 -49.9 5
0.1 Impermeable layer 5 0.1 Impermeable layer 5 0.1 Impermeable layer 5 0.1 Impermeable layer 5
-50 6 5 -50 6 -50 6
Aquifer 6 \ 6 Aquifer 6 Aquifer 6
7 7 -53 7 7
7 7 uifer 7 7
8 8 8 8
8| 8 uifer 8 8
9 9 9 9
Cll 9 Aquifer 9 9
10 10 10 10
10 10 uifer 10 10
-55 11 11 -65 11 -70 11
0.1 Impermeable layer 11 0.1 Impermeable layer 11 0.1 Impermeable layer 1 0.1 Impermeable layer 11
-55.1 12 260.1 12 65.1 12 -70.1 12
0.4 Impermeable layer 12 0.4 Impermeable layer 12 0.4 Impermeable layer 12 0.4 Impermeable layer 12
-55.5 13 605 13 655 3 -70.5 13
25 Impermeable layer 13 25 Impermeable layer 13 25 Impermeable layer 13 25 Impermeable layer 13
58 14 -63 14 -68 14 73 14
7 Impermeable layer 14 7 Impermeable layer 14 7 Impermeable layer 14 7 Impermeable layer 14
65 15 -70 15 75 15 -80 15
(a) Aquifer thickness 5m (b) Aquifer thickness 10m (c) Aquifer thickness 15m (d) Aquifer thickness 20m
Fig.1 Ground Structure Diagram
N . Fluid fluxBC=0[m/d]
% heat source well 1 heat source well 2 Fluid fluxBC=0[m/d] Heat fluxBC=0[J/{m?+d)]
Cold-water well Hot-water well
\ o 5 O EQ
2 E T 528 T
Q=
/ 4 @ B 9| Allelement 8 E gt g g E
. . 8 ] ] T TR 9 T2
] 1 3 S < @ | TemperatureBC=20[°C] 27 go £ 3 g
—_— 23 $§ 28 : 3
| 150m | 35 55 521 5
e 13 §f 3¢ £t
D —— =" £z =0 £e
booosom ! Fluid fluxBC=0[m/d] Fluid fluxBC=0[m/d]
'y Heat fluxBC=0[J/(m2-d)]
200 . Fig. 3 Boundary conditions Fig. 4 Boundary conditions
Fig. 2 Plane figure ) )
slice(1+15) slice(2~14)
. . - - Injection flow rate [m3/da
Thermal storage cycle  Running mode  Running schedule  Running time  Injection temperature - ! [ - )]
Cumulative Flow 50k[m®]  Cumulative Flow 100k[m?]
Injection period[day] 122 8:00~20:00 15°C 410 m? 820 m?
Stoppage period[da 61 sto
cycle 1~cycle5 pp_g P . [02) D 0
Pumping period[day] 122 8:00~20:00 25°C 410 m? 820 m*
Stoppage period[day] 60 stop
Table. 2 Running schedule
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31 REREODGE
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Fig.6 |2~ d K DT, &R A 71 (K - ko
LA ASHEINS 2 12 -Dd., AR 00 JE FH 0O | X i
IR S TR Ut 2 BURIERE O E R A )T LA,
IR DRI 2 KR & #ih IR FE & DZENIER L,
[EY ATREZARIR R BN L, AU K- CERIERIX
FHT S, Fig7 ICREEAE (NP0F) L ARG

oA L Y) O—fF HKEES Sm, FRTEEK
10 Tm) 2T, YA 7V EER DB R R
DAL THY | EOFRERENEINGERIL 50%0BAEE Y |
%5 YA 7 M 60%% T EH3 5 (Fig.6),

Heat recovery rate[%]

Spread of heat storage mass

Aquifer
thickness|

If the aquifer is thin

If the aquifer is thick

Fig. 5 Model
80
75
70
65
60
——5m —o—10m 15m
55 20m —o—5m_100k —o—10m_100k
—o—15m_100k —e—20m_100k
50
1 2 3 4 5
Cycle

Fig. 6 Water flow=0 50k m*&100k m*
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3.2 FETRNIREE 25m/year DHE

Fig8 IR S5 K D1Z, M7KIHED BIRASE BRI D
HACERIINH LK S, BIROEN ATEEZR E A
D UBNEIERD T D, FRT, HEERRDV NSV —R1Z
CRIB S TRV, BRI DR S SEMEI R 2 3 D
L LIRS, FEEAKE S B oA, A 701
T 10m 7 VORI & < L 20m 7 /LA EAR,
YA I NVEERD &L HICBEICERIT ER D08, BREE
DFEET EFITRECCTh 5, FKRED S T3 B 10 7 m?
(ZHE 2 D & BNRIERAS B3 2 AU ERBERHS 0 O
—ALFUTH D, EEEEOBEKIT LY | BYRICRITBR
B OwBEEZ I 720 FA 70 1 TIFEEIEE
DOFEAL2Y 15m, 10m, 20m, 5Sm ONETH 5, FHERERT D
BIMCEEONSIROBENER T EF- L, FRIC 5Sm 77— AD
FRERRE L, YA 7L 6 BITEESDOENRIERE T L
(2725 L PRSI D, Br72 BRIERONBRIE, 7K &
5 mREE R CIZ7e D, BRESENE DD & mAKH D
ENEICRIZ R E 183 8 %, Fig. 13 OIREE = & — 7
5. B B ERKFFA~OTEABE KI5 5| =
fL 23, HKEORE AT & | FRBIEREENE O
Z5z 09 BUEICRIZIK T 95, o & 253 (R
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S A A A A

Cumlative heat[M7]

Heat recovery rate[%]
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& 8 & 8
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Fig.7 Cumulative heat of thickness Sm

(cumulative flow 100k m®)

(from cold water well to hot water well,
50k m*&100k m?)

10 ——5m ~o=10m 15m
20m —e—5m_100k —e—10m_100k
——15m 100k  —e—20m_100k
0 40
1 2 3 4 5 1 2

Cycke

——5m

Fig.10 Heat recovery rate, water flow 50m/year
(from hot water well to cold water well,

50k m*&100k m?)
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Fig.8 Heat recovery rate, water flow 25m/year

20m
—e—15m_100k

Fig.11 Heat recovery rate, water flow 25m/year
(from north to south, 50k m*&100k m?)
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T ST,

3.4 EXRFMNIREEIE 25, 50m/year DIGE

PALDAE BNEIRR D7 — AT, BAFSOBISIIE
HP, BEICEEFig | DT PAT 723 & & bk LCra) k
U7z, BRESUEH 25m/year, &/KED 5 m*OfE, iHin
RE OB PEOENRIER G EH- U, 7k FH 0 SIEAH:
AOIFATHREOWRIUZITS L,

70
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Heat recovery rate[%]
@
g

—10m 15m
—e—5m_100k —e—10m_100k —+5m
—e—20m_100k 20m
%0 —e—15m_100k  —e-20m_100k
3 4 5
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Cycle

~
o

—o-10m

15m
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Fig. 9 Heat recovery rate, water flow 25m/year
(from hot water well to cold water well,
50k m*&100k m?)

Heat recovery rate[%)]
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-
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Fig.12 Heat recovery rate, water flow 50m/year
(from north to south, 50k m*&100k m?)
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Temperature

Fig. 13 End of pumping

(cycle 5, 25m/year, thickness 5m, 100k m?)

Fig. 15 End of pumping
(cycle 5, S0m/year, thickness Sm, 100k m?)

Temperature
Contruous

Table. 4
Target Well Cold water well
Groundwater Flow Direction From hot water well towards cold water well
Groundwater Flow Rate [m¥year] 0 25 50
Cumulative Flow [m?¥Running Period] 50k 100k 50k 100k 50k 100k
Heat Recovery 5 52.0 54.3 49.8 53.3 43.7 50
Rate [%] by 10 59.0 62.4 51.8 59.1 36.7 50.4
Aquifer Thickness 15 60.8 65.7 48.5 59.9 274 46.3
[m] 20 59.9 66.3 43.7 58.0 20.4 40.4
Heat Recovery 5 67.7 67.8 61.5 63.3 46 52.3
Rate [%] by 10 732 76.2 57.8 65.1 26.5 42.8
Aquifer Thickness 15 74.3 78.8 50.7 62.7 17.2 33.1
[m] 20 73.2 79.2 43.6 58.7 14.6 26.9
Table. 5
Target Well Cold water well
Groundwater Flow Direction From clod water well towards hot water well
Groundwater Flow Rate [m*/year] 0 25 50
Cumulative Flow [m’/Runnmg Period] 50k 100k 50k 100k 50k 100k
Heat Recovery 52.0 54.3 47.8 51.9 / /
Rate [%] by 10 59.0 62.4 49.2 56.4 / /
Aquifer Thickness 15 60.8 65.7 46.7 56.6 / /
[m] 20 59.9 66.3 42.8 54.8 / /
Heat Recovery 5 67.7 67.8 60.3 65.5 / /
Rate [%] by 10 73.2 76.2 56.5 65.8 / /
Aquifer Thickness 15 74.3 78.8 51.3 63.2 / /
[m] 20 732 79.2 46.2 59.9 / /
Table. 6
Target Well Cold water well
Groundwater Flow Direction From north to south
Groundwater Flow Rate [m*/year] 0 25 50
Cumulative Flow [m¥/Running Period] 50k 100k 50k 100k 50k 100k
Heat Recovery 5 52.0 54.3 48.1 51.8 40.7 48
Rate [%] by 10 59.0 62.4 49.8 56.6 34.1 46.2
Aquifer Thickness 15 60.8 65.7 47.0 57.1 25.9 42.1
[m] 20 59.9 66.3 42.7 55.4 19.2 38.2
Heat Recovery 5 67.7 67.8 60.0 63.6 49 57.2
Rate [%] by 10 732 76.2 57.4 65.7 37.8 515
Aquifer Thickness 15 74.3 78.8 52.1 63.8 27.9 45.5
[m] 20 732 79.2 46.5 61.4 20.5 40.7

SN - R TR 8 S
TR RS R SRS (2024, 3.8)

Fig. 14 End of pumping
(cycle 5, 25m/year, thickness 20m, 100k m*)

Fig. 16 End of pumping
(cycle 5, S0m/year, thickness 20m, 100k m*)
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Diffusion of sea salt particles generated in breeding sea tank in aquarium

Analysis of Trajectory of Sea Salt Particles by Computational Fluid Dynamics

OFfek 15 (MFERF)

Kou USAMI*1

HE S BE (MF RS

Satoru TAKADA*1

*1 Kobe University

We analyzed the behavior of sea salt particles (0.1,1,5um in diameter) generated from seawater tanks using computational

fluid dynamics. As a result, sea salt particles with smaller particle sizes (0.1 and 1 pm) tended to distribute over the seawater

surface tank, while particles with larger particle sizes (5 pm) tended to fall on the floor and the seawater surface. The particles

adhered to pipes located 1.3 m and 1.8 m above the seawater surface mainly on the top and sides of the pipe.

IZL®IZ

KRN OERE FIHE KD B HENTIE, X HhlE <
RIS EAD BRI ENRLNE Y, FEDFERY
B THD 2 ENMBLNTEY 2, ENICKIT S
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NOKICERFE 216D Z &) 1HE S KR COKIADM
SR L - TAELELEEREZLND Y, Zh&
D MRS KAE OKIE A HEZER AT L. BN
KRN E > THEER L, @RI 52 & T ED%
EEBEL QO DAEERE Z DD, ZHE T, ik
D2 BICBT HRFHENREOREIZL Y, KHIC
Y5578 1~230pg/m* OIRETIEE L, KO KEN D
FAE LT HER IV HITIRE L TN Z EDvRENT
WD, ARBFFE T, M) DR DR T2
KRG L VIR L BETLHEERFT 5720
(2. F&E LTZHRR - D ENIC R D117 A KB iR )
FEACTRNTT2 (X 1), 3L LIk 0175 &
LT, #KOWANNSBRESND O, RIS
ENATE T2 B0, WKEIZIEEST 5 b0, KAl
THHLONEBEZOND, £o. AT DR - Ok
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Fig.1 Conceptual drawing of a room with a breeding sea tank to be
treated in this study.
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Fig.2 Plan view of a room with a breeding sea tank in the aquarium to be
analyzed, showing the point of sea salt particle generation and the

location of the measurement of air salinity (1m high) in the figure.
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Fig.3 3D model of the room to be analyzed.
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1.2 BUERAEHROAE

FPENOKFHC DWW TEFR I E RO, Lz fH
Sk & U, KD S HHEER % RIS TR A &8
BelT . IEEEMATIC X - TRIS LR OiEEh 2 kb 5,
ez B L Lt (ifA) 2t & L CEulerfiic
fifx . WP ORI HGE & L TERICLagrange I
BER L, BRI &R OB 21T 5o fEHTIRERIHIRRIE
0. 024s. fIEHTHE TIFIIX1200s & 32, fifHT S 2 1R
TR O & WEA D OALE & [a) 132, 3B/ , L0k
REAAEE L, |IBOENFER 2 b & kiE25°C (Br
Fa DR FHMEARE) | SIRAISTCIT/A2 D & 9 ICIRFEBE e
TEERET D,

KIGERIC BT DR - ORI, [RENDI
ST I B AT R O FEANE A T TE ORIV
KRR L7 AT CIARE L7 A
T KEN IS G- 2 72 (2005195,058) , LM BIAES
T AUEERL T OS2 T2 TR T, B E3OBEL, £
TARILEROE &, OMMEN Y — 72 BRI ORIIRRL 1 &
L. BRI CARBETRIET 5 LAET D, F7o., Wk
T OSERENIE R OGRS —E & L, SR
X1 &35, 7272 L, MEER - ORROENT L DIk
DL RS 128, FRif & WK, BlE ., BEmcRBT
DECRREIT0OE U, HICHE LI AIclaE T 5 & Lz,
F7o, WAL AST-RIHRERET 5 & L,

Table 1 Analysis conditions

GLET L P k- ¢ TTIL
FeFH #9150 75 (80mm ZEhEAy )
SEPNBER] SRR GREEBESE)
WA (RS )
7N S GREEERUE) (25°C)
MH EHE 4 3, 000m’/h (18°C)
WAL PREHUE 4 2, 000m’/h

2SR - R LR T S S
EANFIE R FE TR SUEE (2024, 3. 8)

Table 2 Conditions for sea salt particles to be generated.

R 0.1/1/5 pm”
BB 1030kg/m’
BRI 1 (PRif & YKiAL, Kim, BEf 0 ClRE)
= 8.1X10"%kg/s
FEAHRE 10m/s (Bp1E kA &)
23—k 40 {&/s
2. #ER
2.1 EARKA

WEERL 7R, TEFRAE &Il S A7 B OShE 3T
BT D BN & A<, WimA-A" ORGS
ALV R B ERTEL T A S T H 72 A A T L 2
%, IR E0. 2~1. 2m/s THAL T\ 5, WiEB-B DX
POAR LD, RHEIIEIL DO ZER N B Z A FELNT
BY . NS UNEZKFE O K OV TR KR EZE L
TW5, REWEAKEOKH EORFIERIFF TRIARN
\CHFE T D, WIHIC-C DORIEHA LY K E U UEKFE
D _EFBIZIBNT, oA N JERTOSESS CEEIRIA NI
229 Gl HAL7ewy, WimD-D” O &Y . %
AT &R E VK OFNEREBEDN L. 3m& ItV N 2D, A
A OE [Tk, WK HE 0. 6mEl B TLERNGA N
NEEHA DS TWD, £, RO 230 DDA DB WA
A ~—H ALV 5,

2.2 BKELORR2MGETRET HEENTFOBE
R LA O D EYRE

XI5\ T O RER2H S0 B FEAE L 7Ri20. SumD
WKL - D3 5 300s 1% £ COBBRO iR E T2
R, BRAERD DT DR T EIIRI U CTh H7-
B, R LT DFHROAE T2 TR U (A0A) TH D, WhA
HAEEORR 1 CHRAE L7tk 7i3, vieKim ko L5
KR X > TR, WA DIZEES | S (X40D-D’ H;
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Fig.4 (top left, top right, bottom left, bottom right) indoor airflow distribution in cross sections A-A', B-B', C-C', D-D’ (See floor plan at upper left.)
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Fig.5 Diffusion behavior of sea salt particles (0.5 pm in diameter)

generated at two representative locations on the sea surface.
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Fig.6 Schematic diagram of three areas above sea level.

(left: plan view, right: elevation view, each area is 0.75 m high)
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Fig.7 Spatial distribution of sea salt particles generated from the sea

surface in 1 second. (from top to bottom: 0.1, 1, 5 pm particle size)
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Fig.8 Location of piping and seawater tank (left: plan view, right:

elevation view)
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Fig.9 Breakdown of the number of particles adhering to pipes, scawater
tanks, and walls at 600s after particle generation. (surfaces with no

adherence not shown)
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Airborne Salinity in Indoor Air in Aquarium Located in Coastal Areas,

Salt Generation due to Aeration of Breeding Sea Tanks
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Airborne salinity was measured in a room of an aquarium, for two conditions; with and without aeration of seawater in a

tank. The airborne salinity concentration was shown to be higher for the case with aeration, and thus the source was

confirmed to be the aeration. In addition, the distribution of diameter and number of particles of water droplets generated

through aeration of seawater/pure water in the tank were measured using particle counters in a clean room. It was shown

that the number of particles decreased toward the top, and particles of 5.0 pm or less were mainly detected.
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Chlorine dioxide (C10O;) is commonly utilized for virus elimination, sanitization, deodorization, and anti-fungal purposes.

In order to use ClO; effectively, its concentration should be properly controlled. However, ClO; is known to decompose

thermally and photolytically, and the decomposition characteristics are unclear. This research aims to clarify the effects of

temperature, humidity on the decomposition rate with chamber experiments . The results indicated that the impact of absolute

humidity is much larger than that of temperature. We proposed a two-variable function of temperature and absolute humidity

for the decomposition rate. We also conducted numerical simulations of indoor ClO, distribution. The results indicated it is

important for the ClO; concentration estimation to consider the indoor flow field and the decomposition.
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2.1 ZEMtiEED R

Table 3 |Z&-FEEROSM: & iRk E 27~ 7, Fig3 IZ50fiF
FEBREG DOYRE DR 2T, FEBRSMEIZ X 0 Pl
MOMEZ IR DN, T _XTOr—RAZBW TR
TN LT D, F£72 Table3 (R T K D12, R
DREWVNEE, HEEE HREWE WIS R Sz,
— 5T, KURSCFERHIEE 1L, /i & OFEREA LI E &
BAfEIZIIR SN2 oTz, Ko T, HBITEE &,
ClO, DfREHEIZRE B L TV D B2 bvd,

Table 2 Simulation Conditions (Case, Number of generation
points, Place, Amount of generation, and Decomposition rate)

Case Number Place Amount from  Decomposition
of points each source rate (1/h)
(ppm)

C-12 12 ‘Whole 0.0004 Constant
(0.171)

Cc4 4 Upwind  0.0012 Constant
(0.171)

E-12 12 Whole 0.0004 Calculating
in each cell

E4 4 Upwind  0.0012 Calculating
in each cell

Table 3 Experiment condition (temperature, relative humidity,
and specific humidity) and decomposition rate. (The cases are
shown in descending order of absolute humidity.)

y 123 m

Fig.1Calculation field and position of equipment
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Fig.2 Generation points and evaluation points of C1O; ((a), (c)
indicate generation points and (b), (d) indicate evaluation

points)
Table 1 Boundary conditions
Boundary Condition
Inlet Flow rate 325m’h
Flow angle 45 degrees
downward from
horizon and corner
direction
Specific humidity 8.50 X 107 kg/kg
Humidifier Flow rate 100 m¥h
Amount of 1.2kgh
humidication

Case  Temperature Relative  Specific ~ Decomposition

(deg.C) humidity  humidity ~ rate
(%) (kgkkg)  (Uh)
1 338 819 0.0269 1411
2 320 875 0.0259 1.584
3 27.3 96.1 0.0217 1.057
4 28.0 90.2 0.0212 1.220
5 27.3 91.8 0.0207 1.120
6 26.5 90.3 0.0194 0.732
7 30.1 68.0 0.0180 0.451
8 211 93.3 0.0145 0.450
9 28.7 60.0 0.0146 0.258
10 21.7 594 0.0137 0.207
11 26.2 64.0 0.0135 0.216
12 323 444 0.0133 0.257
13 33.2 39.1 0.0123 0.239
14 26.5 53.0 0.0113 0.212
15 25.6 46.0 0.0093 0.215
16 24.3 276 0.0052 0.145
> 2
) S,
£ -3 :- B a
-4 e .
0 L time ) 3 4

el o2 e3 o4 5 6 7 8
9 10 11 12 13 o014 e15 16
Fig.3 Concentration of ClO; over time
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2
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§ 1 R? = 0.9087 .‘.
F
0.5
0
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Specific humidity (kg/kg)
Fig.4 Relationship between absolute humidity and

decomposition rate
2
15 y = 8765.2)(2.4565 ®
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=
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Specific humidity (kg/kg)

Fig.5 Relationship between absolute humidity and
decomposition rate (effect in dry and sheltered subtracted)
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Fig.6 Relationship between the inverse of absolute temperature
and the logarithm of decomposition rate
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ZNUHFERING, HEEEEICOWT, JRE, R0
RSO Q) 2B,
1.0 x 10*

kdec =0.10 + 1.91 x 108 x H?*6 exp (_T) (2)

T, HiTHE (kgkg), TIFHHEE K) 25
9, Fig7 123 Q) ICX W HE Uil & HE Sh
T DR AT, RERRE (R 73 0.8686 &
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Decomposition rate calculated by Eq. 2. (1/h)

Fig.7 Comparison between the decomposition rate calculated
by Eq. 2 and that measured.
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Flow speed 0.0 A
(m's) R U

0.10

?_. X ¥y=9.125m

Fig.8 Field of flow speed

Specilic humidity 0.0085 0.0120 0.0155
(kerke) Ty

tox =12m fx

y=9.125m

Fig.9 Field of specific humidity

Table 4 average concentrations
Case  Average concentration  Standard deviation

C-12 0.0649 ppm 0.0077 ppm
C4  0.1030 ppm 0.0088 ppm
E-12  0.0782 ppm 0.0080 ppm
E4  0.1249 ppm 0.0087 ppm

Coneentration 0.0 0.10 020
(ppm) e L IR

tox ~12m fx
Fig.10 Concentration distribution (E-12)

¥=9.125m
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Concentration 0.0
(ppm)

?-. X y=9.125m
Fig.11 Concentration distribution (E-4)
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) [ R R e
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Fig.12 Difference in concentration between C-12 and E-12

y=9.125m

Rate ol up in
concentration 10 20 30

%) e IR Ry e

Yy
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Fig.13 Difference in concentration between C-4 and E-4
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Design Method for Personalized Hybrid Ventilation and Air Conditioning Systems in Office
(Part 1) Effect of Outdoor Air Temperature and Personal Device Flow Rate on
Breathing Zone Ventilation Efficiency in Small Office
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"l Osaka University

Recently, the natural ventilation system (NV) is drawing people's attention from a carbon-neutral perspective.
However, NV has some limitations for the installation due to its dependence on outdoor air conditions and the non-
uniformity of the indoor environment. To overcome these problems, personal ventilation systems (PV) and NV are to be
combined in the present study. In the present paper, the impact of the outdoor air temperature and supply flow rate ratio
between PV and NV on temperature and ventilation effectiveness is numerically investigated. The results are discussed

from the perspective of temperature distribution, flow field, and ventilation effectiveness.
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1.1 fEHTSEE

Fig. 1 |[ZfighT22[8. Table 1 |Zfi#hT 15, Table 2 |25%
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Supply inlet of PV diffuser

BOWTHHAT 5, ARSI OWT, XY B oo x—il
HSRHAS 0 O A (1,000 X 100 mm /f5) 72> & Frfe
SNZHFRA L, BCHAlOBER EEZ 8 5 B RS PER
ANbPFREIND EHEE L, £72, PVIZHOWTIL,
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O AR O EE (1,140 mm) THKERE L,
KIFIZEE L= PV AIHER O DRSNS & LTz,

NV exhaust
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. 550400 %20 mm
Section-A
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diffuser >

1,000 X100 mm . . .
Fig. 1 Analytical domain

Table 1 Analytical condition

CFD Code Ansys Fluent 2023 R1
Turbulence Model SST k- model
Total Number of Mesh 5,225,653
Algorithm SIMPLE
Discretization Sche me QUICK
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Table 2 Boundary conditions Table 3 Studied cases
Wall treatment Enhanced wall treatment P Air flow rate [m*/h] | Supply belocity [m/s]
Wall Heat Gradient zero (Adiabatic) PV NV PV NV
Emissivity 0.91[-] Case P00-T 0 90 0 0.13
Inlet and outlet Refer to Table 3 Case P30-T 30 60 0.83 0.08
Total ventilation rate 90 [m3/h] Case P60-T 60 60 1.67 0.04
Body core temperature 36.4[°C] *Notes : 7, = 18 or 20 [C]
Human Heat conductance 5.92 [W/m2K] Skin
Emissivity 09[] Surface Clothing
Heat load PC 50 [W]x2=100 [W]

ZERM A E G D120, 2B E R Utz > b L—
P—H A% 1.0 X 10° kg/m’s T, BEKIZBNT—HEIC
FAEIHET, TITC, ZERENIA LD VI Ko TIREX
AR D IER SE225% 5 SVE 3 2 W TR,

() =—5== (Eq. 1)

S Tn
ZIZT, CLITERN—HRIC N L —Y— TR BRI
AT DALEXDPLLE [kg/m’] &, ClEBHE—RRHL
B [kg/m’] %2, £ 1IEE x (21T 5 25 [s] .
Tal 344 BRI [s] 2T,

Table 3 |ZfEMNTG:E 27T, 2EROHK E%E 90 m'/h
E L. NV & PV O EDLEE 90:0, 60:30, 30:60 &
Ble sz, F£7=, PV, NV ARG S D b
DL L, AN 18 °C, 20 COLMTHET LT,
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Fig. 2 IZ ANBRBEREHOET V- ZR~T, MR 7
& JEPHZE R IR TCRNC DR W Y 295 LRE L,
BHNISRIZ 81T % Fanger” @ 2-Node &7 /L % f5iffE
NAZEZHEA Lz, BERERIZE Y TRENT-aT b
JEREETOaAL X Z A 1852 W K I, &
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Q; = 18.52 x (36.4 — t) (Eq.2)
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36.4[C]
Human body core

1/0.115
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Fig. 2 Schematic of boundary condition at human skin surface
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Table 4 Air change efficiendy

NV flow rate
30mh | 60m¥h | 90 m¥h
Supply 18°C | 58.7[%] | 57.9[%] | 57.8[%]
temperature | 5550 | 56.0([%] | 56.6[%] | 56.8 [%]
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Basic Research on Partition Wall with Prevent Aerosol Diffusion Unit (Part4)
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Masaaki HORIE*

* Setsunan University

Virus are infectious by droplets and aerosols included in exhaled air, partitions were installed to prevent direct inhalation

of the aerosols. However, aerosols are known to become dispersed in the air and remain suspended for long periods of time.

Therefore, a partition with aerosol diffusion prevention unit was devised to prevent and reduce the diffusion of aerosols in

exhaled air that impinge on the partition. In this report, numerical analysis and visualization experiments of exhaled air

impinging on the partition were conducted to investigate the ratio of exhaled air entering the aerosol diffusion prevention

unit and to study its effectiveness.
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Fig.6 Results of flow visualization experiments
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Fig.7 Exhaled air volume into aerosol diffusion prevention unit



A-40

BOAIEERNIZ “D 207 2RI TND Z Enb, NERIZH
DR S AL, — BRI L7 FERUISINTICIRIUC < < 72D,
SN~ DOMER DO A IR S 2R3 H 5 = E R3S
N7 o7,

4. FLEBHLEERA~DTRAZ

Fig. 8 1% L TFOYEEBH L OSGI AR R 7 7 > A%
T LTZBAITBIT DR 15 IS NERIC AT 2
BE2FRL TN, XOREHNIEERE[s], ot Iyamph ki
AOFRAFEEE Qs [Us] 2R L TWA. £72, ERILTFEO
JEEB IR ~D, R B OIEEE, (S ~OFA R V
si, Vo ZFNFIURrLTEY, VIidRKsI&42RL TV
% MR OMIEEIBA IS L C2 BRI KB 23 %,
ZDHIT D b O OGN Z B L T D Z &
DL Ieo T, 7ok, FEICIE32.1 g, FEFCIX 517
nA LTS Z E DR ST, TEBDO T DR ED
ZVEEH & LT, A0S OFFROM A EE 2K 15° F 512
REL TS0, MEARDEERNHEZE L1212 T~

NT Lo TCNDEEZD.
x1073
10
V =83.8ml
8 n
— 6 | Lower part Vs1 =32.1 me
S Upper part Vg, =51.7 ml
S 4T
2 |
0
0 t[s] 10 15

Fig.8 Exhaled air volume into aerosol diffusion prevention unit

WRIZ Fig. 9 IFHEEBAIEFRO A O HifE % (a)~(c)? 3 i@ Y
O EAERLTWD, 2B, AREOFRAFREIXDG) O AN
AN 0.02m? DFER TH 5, F£7z, Fig. 10 [LADHEED
BILDZNENO/—T ¢ 3 3 o TEAEfT 21T\, 15
BRI B EIEEOE L E R LTS, Rl s|
JiE qs[Us]. MEENXEICR C[%] THDH. Try h~v—
7 DEWTENENDO AN EREZ A LT XS—T 1 a v
ZRLTED, 001m? & 0.03m? 2B LTI, ORI
K50, 2, 415D 3 FMOIFMT AT TERE T 1
v b LTWD, &Y, WEIHDO T 7 v &5 T T
AIZHED, AOHEES/ NS UVIE R LT
D0, MOWSIFETIX 3 &£ b7 vy MITER
STEY KREREIRONRN-T, 2O LD, ik
B IEEEA~BIEEIZ A D & B 72 TS FERR ARG 35
EEBITT 7 T E S TBIEND 2D, 77 ailT
52 L TAREMIKS T, FRREDRIENI LD
ZEPBLMNCI T, FEEO =T v a U ERRET

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

80 100 120
@g 40 60
2 AJ% " g| =
A(0.01 m?) B (0.02 m?) C(0.03m?)

Fig.9 Dimensions of prevent aerosol diffusion unit
with different inlet areas

100
(o]
g0 | o
4]
< 60 |
SRR
o O : A0.0l m?)
20 8 O : B(0.02m?)
A : C(0.03m?)
0 1 1 1 . 1 1
o 1 2 3 4 5 6 7

qs [¢/s]
Fig.10 Suction rate of exhaled air

L EEBET DL, AR—T 4 v a O L, JEEES
I NITHD FREE LS, AomfEidha< Lk
FRBRFERNTHDH LB BND, 77 DWRGZRE L
T°5 LR DEIEEIEMNT 2RI H 5D, TA LA
DORNELEBET D256 6T LRI EOREWT 7 %
EHT HRETIEFRNWEE XS,

5. fbam
AMFZEL, 7S—TF ¢ 3 3 ATELET DR O BT

& R SEER, PIV AT 21T, JEBBAIEN O “9 2. 07

OAEEE ANDEFEDZET & 2 MR DEULERIZ DUV THR

L7z, ZORER, ITOREmEReT-.

@ BUEfFNT & AT LERR A Lol U72B%, RS OTERR:
IR —E L, AX—T v a iy ay o
LR AR S D3RS B 72 o 7.

@ JEHBLIENIZ x0T ERITDHZEIZED, WA
LU IANERIC IR 2 = & 722K, E TR LN
ERICHFRE 35 Z E AT RV SR Lo ThE
Iz

@ LHBLIEEIC T 7 o EFRTH LT, MERUTIERDS
IEEOA Y OmfEIC L O T RIBREORINEEZS L
Tele®, HEO/NNUENAEETH 5.

£ E X #
1) Gupta, JK, Lin, D.-H., Chen, Q. “Flow Dynamics and
Characterization of a Cough”, Indoor Air, 19, pp.517-525, 2009
2)  RBHE MEEE, I X DZERSe T v L OYEEGE
FRoFEYE” , Ardlfkhii® 26(102), pp.2-8, 2006



A-41

2SR - R LR T S S
EANFIE R FE TR SUEE (2024, 3. 8)

BHHFEOZETIEEZRRE LEROENICEHBI[NEICET 5K
(£® 23) RRERICEDBANEAHAKROBTEDE
Ventilation Effect of External Wind Turbulence for a Room with Multiple Openings
(Part 23) Ventilation Rate Measurement of Natural Ventilation with
Combined Wind and Buoyancy Forces in Wind Tunnel
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In recent years, the use of natural ventilation has increased as interest in energy conservation has grown. In order to
introduce natural ventilation in building design, it is necessary to accurately predict the flow rate.The Orifice equation
currently used to predict flow rate underestimates flow rate when wind and gravity work in opposing directions.Therefore,
a simple method for predicting flow rate that takes wind turbulence into consideration is required. In this paper, we report
the results of wind tunnel experiments conducted to understand the actual phenomena.
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Table 1 Experimental Setting (PIV, Flow Rate)
Flow Pattern Rotation speed of fan [rpm] Rubber heater temperature [°C]
Case AB Assisting wind with Buoyancy (0°) 40 (=0.75 m/s),30 (=1.35 m/s) 50, 75, 100, 125, 150, 175, 200
Case TB Wind turbulence with Buoyancy (90°) 40 (=0.75 m/s),30 (=1.35 m/s) 50, 75, 100, 125, 150, 175, 200
Case OB Opposing wind with Buoyancy (180°) 40 (=0.75 m/s),80 (=1.35 m/s) 50, 75, 100, 125, 150, 175, 200
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Fig. 4 Schematic of ventilation rate Measurement using Tracer Gas
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Fig. 9 Ventilation Rate obtained by Tracer Gas Measurement
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BHRAOZETIEZHRE LERADENICE ZBINRICET SR
(£M 24) CFD IZ& 2RNENFARICE 1T 5[ ST
Ventilation Effect if External Wind Turbulence for a Room with Multiple Openings
(Part 24)Ventilation Rate Evaluation of Natural Ventilation with
Combined Wind and Buoyancy Forces by CFD Simulation

O FF (KRR AR RIIE CRBROR)
e gk ORBORS) i B CRBRORE)
o TR CRBORS) = EEA CRBRR)

Shohei MIYAZAWA™ Tomohiro KOBAYASHI"' Toshio YAMANAKA™
Haruna YAMASAWA™  Zitao JJANG™ Ryuto MIURA™
"' Osaka University

Wind and buoyancy both play an important role as driving forces of natural ventilation. The general ventilation prediction
equation (orifice equation) uses their time-averaged values as the ventilation driving force. It does not consider ventilation
phenomena caused by wind turbulence. Therefore, it is difficult to accurately predict ventilation caused by turbances. In
this paper, the steady and unsteady simulation of airflow rates for a full-scale naturally ventilated room with opposing wind
and the internal uniform heating floor was conducted and evaluated indoor airflow properties .
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50 mm ORERE CHRERK L, *TH7 5 HElZ 500 mm X 2,000
mm OO/ T 5T VEFHA L, BAOMEIZES
PR OBREN ) 2B S8 5 2 & 2B L TEE S IIcE
ZOlf, R ERNZIZ=EANKRE DS 600 mm, JE T
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2.2 CFD & D Fi%

Table 1 |Z AT S I DWW T — 8 CTaRd, fRHTIZ
Raynolds-Averaged Navier-Stokes (RANS) 35 J2 T Large Eddy
Simulation (LES) |Z & % CFD fi#fr #4170, 45 OfER
7 Ll U7z, LES TIIMEINIRS 2 £ TORFR O FEE %
HE9E LT, £9. RANSIZ LV HEYE ke =57 L% W

Table 1 CFD Setting
CFD Code Fluent 2023 R1
Simulation M odel Reynolds-Averaged Navier-Stokes Large-Eddy Simulation
Turbuolence Model Standard k-¢ model Satndard Smagorinsky-Lilly model
(Cs=0.1)
Algorithm SIMPLE PISO
Discretization Scheme . . . .
for Advection Term QUICK Bounded Central Differencing
Velocity u,k,e profile Smirnov's method
Inlet
Temperature| 288 [K]
Boudary Condition
Outlet Gauge Pressure: 0 [Pa]
Walls Srtandard Wall Function Werner and Wangel Wall Function
The Total Rate of Heating 0/1,000 /4,000 /7,000 W
Iteration 5,000 20
Time step size 0.005
Pre-conditioning Term 9,600 (=48 s)
Main Calcukation Term 9,600 (=48 s)
Total Number of Cells 1,253,726

0.60 ‘J\‘

[OLES [JRANS — Prediction (Eq.1)
0.50 0L_©

SRR - T AT
IR S SCE (2024, 3. 8)
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728 LES OBERSM21E Fig. 3 12~ 3R B  (FiTHR)
THASF L7z 1/3.32 O & FHNOFEREV smimov & D
FE? ZEH U CERR L7 2B % AR 288 K T4
Z T, BEHBROBREN ) & 72 2 NS O EE TR 5
BRIFIER, ENIR I 72> B — AR 72 B (0, 1,000, 4,000, 7,000
W) #5252 LICKVHEEL L, 7ods, BEmIITEaWT
Bl L, BEHZ W TIEEE L Ty,

3. fEMTHER
3.1 #5E (Air Flow Rate)

HNDEEZL DMK EDENE G T 572D,

RANS & LES TH#:9 %, Fig. 4 [ZHHEIRSEMETORIE
BRMHCRBT Dk & L BNIMNREZEORRE /R T, #t
SUEIBA A EGE I 2 B < J@ A& (Air Flow Rate, AFR) %
M iz, AFR OFRIIEIZ, B P AR T 1 Ok EE
ZFEA R CTRBIL, Bl D R ORI U7z e A

0= |QAFR—in (t)| _;|QAFR-01” (l)|

}E% ( QAFR-in (t)7 QAFR—Out (t) ) %%lﬂ ]‘/T\ %O)%ﬁﬂfﬁ@qz
¥)% Eq.2 OBRERIEE O,m(0), & L1,

Eq.2
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Fig. 6 Flow Rate at the Windward or Leeward Opening
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Fig. 7 Contour of velocity distribution
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T& 7o, Eio, BB TIIS—IRiEm &
720 EAHMEBM RS CIEE BRSBTS E 0 3 AL,
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Fig. 8 Contour of temperature distribution
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Evaluation of Ventilation Effetiveness based on Trajectory Analysis
(Part 1) Influence of Exhaust Opening Position on Indoor
Tragectories and Ventilation Effectiveness
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In indoor environment, airflow distribution influenced by factors such as position of openings is crucial for efficient fresh
air delivery and pollutant removal in occupied zone. Present study focuses on assessing ventilation efficiency by analysing
trajectories which can be obtained by tracking individual particle behavior using LES. Analysis of the trajectories leads
to the evaluation of ventilation efficiency based on factors such as the residential time, travel distance, and short-circuit
probability. In this study, we conducted a basic investigation into the impact of supply and exhaust positions in two-

dimensional spaces on indoor air quality.

[ZL&IZ
72 - R SN D ERNTITFAPER O OALE e Sl Xk

KIMERIZAADNE T, B EEA~OFHEIN RIS B
W~ b OV YYEHEH 2 23 RICAT O T2 DITIZEANRIR
EEBLIERBNLETH D, TOH, BERTO
HAREEGHE A B9 & L2BEEAFSEE LT, LES & v
7= CED f##TIC & 0 {2 OFi D 2B 238 5 2 & THK
FRIEE AR L ZhETIcAbns Y, Zo
X 9 73 Lagrange f##T Cl Buler tEIC X B A0 7 —3HH &
bl U CZER DN DN TE L DIFHREHR OGN D729
BARUHERGHICALE & b s, FHRAMBRKEZ N
LIS YR E CH IR R ST E T S ITE WV
WV, E ZTARETIZ L VIR E B 2 o5 2
& TR RO AR5 2 L 2 AR &
L. LES TH BB &1 TV VS 5L 5 i (Trajectory) (2
FERL, ThERE - o228 32, AHTIL
T OXMERE & LTSN EIR ARG, PR N
PLE 2T LTz 2 AT BB O] + Fibk
R S - |NRERIE A R LSS OR 21T o 7o,

100 100
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Unit: [mm] 100 50

(a) Bottom-exhaust (b) Top-exhaust
Fig.1 Studied Room Model

1. FEATIEE

1.1 BT RMEE

AT 5213 Figd (27577 300 mm *x 300 mm * 50 mm @
E RO BRI ONFHRMAZ, 100 mm * 30 mm X 50 mm
ORI 2R T -G =EET vV E LTz, 22
TIIHER L & %6 (Bottom-exhaust) F 7= 1% £ (Top-
exhaust) [ZECE S5 2 & TG4 2 SefsE LTz,

12 FRMTEH

LES CHEEDIHTE 2hi 12 3/E S8, KR
R A R %, LES I3 k- e &7 /L O fRATHE R
BRI & UCRME A BIME LT, LES OFHFR NG
1T, 1/1,000s & L, FHHEBIAATE D 5,000 time step (= 5 s) %
BATHIM & U CRERZBEEE L, Z D% D 10,000 time step (=
10s) DFEREARFE L UL THWE, TEESESMT
T RABER S IR E O RS RIS T 2 T,
CFD M OFFMT 15 L OBE R 5% Table1 (279,

Table 1 Computational Condition

Simulation Model RANS LES

Turbulence Model Standard k& - ¢ Model Smagorinsky - Lilly Model

SIMPLE PISO

Velocity pressure coupling

Discretization Scheme Bounded Central

for convective terms QUICK Differencing
u 3.07 [m/s]
k 0.14 [m?%s?]

Boundary 3 0.70 [m?%/s’]

Condition Outlet Gauge Pressure : 0 [Pa]

Werner and Wengle’ s

Standard Wall Function two-layer model

Time Step Size 0.001 s (1 kHz)

Pre-condition Period 5,000 time steps (=5 s)

Main Calculation Period

10,000 time steps (=10 s)
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., FOREZE A =X THREL 72N S _EFtilo 4
U7 ¢ APiERCHERRT 5D 2 & TR 2 FHET L7z,
AU 7 4 ARRATE 2R OREI I IMZEEFT (Validyne 1,
DP45) % vy, EES IS B AR 28 5 8 B | R R
(KANOMAX, MODEL 6533) CA& IR 2 Htfs L TR L
Tro TENT OB RSAEBISD T8, HFLOHE A iAE 7]
RE0/ =Y &R T 5 2 & CEWUEHRF O 7 a — T A A
L. EET/AMATICIT 5 EiEZ 1,000 Hz T 60 s HIE
U7z, JE RIS A O RO I R E T 5
MR T T, E£7o, T OEM & 72 2 JE0E O FRIETG 0O
72, Particle Image Velocimetry(PIV) {Z & ¥ =8 PN R 2 i
iE L7z, Table2 (2 PIVIEMEZ2R"d, ~U T LY —
TRTVIEAEERE (KNOMAX, Model 1108985) % FV Y T3E
B SHTART I EENIZED, CW.YAG L —F—(C &
0 R RO OERE T 21T D Y — T N T VDS &
AL L, EREE D A T T LT PIV llEETT - 7=,
Fig3 |2 v B OH 2777,

Airflow Rate Measurement

Anemo-Thermo
Meter

&
Pressure Transducer

Herium-Filled

‘ ‘ Orifice Flow Meter
Soap Bubble Generator

| | Hot Wire Anemometer

o - + Exhaust
Laser L
Test Model N
! > W
\ v
Blower

Fig.2 The Experimental Setup
Table 2 Summary of PIV Setting

Program Davis 8.3 (La vision)

Algorithm Direct Cross-Correlation Method

Camera Flame Size 1280 [pixel] x 1028 [pixel]

Interrogation Window Size 32 [pixel] x 32 [pixel]

Overlap 50 [%]
Frame Rate 1000 [fps]
Sampling Time 5[s]

Outlet
Fig.3 Captured Photo obtained from Soap Bubble Visualization
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22 AIERER LBFEROLLERIC X HIEEREE

BEGEFHC L D IRABE R ONIE CHUE L7800
P JEGER & ELFTRE R B Smimov DFE Y & VTR
BERSMEE 5 %2, Aiiukod LES (2 X % CFD fi#hT % i L
7. Figd |ZPIV & CFD IC L V5L EET VNRAT
7 mFLE FIZBT 5 XY HEoFLRICE T 5 X,
Y ARGy O SEIEGHE & ENEGHN Y M VEIRT, EIERL
DL, A TOE SI2BT % x =0 O S0 EH % H
WTHITE L L T D, fRHTRE I R IEE {2 O
T NS LS D S OO, KR & B
IR B L7 LT L, IRE TR ORI 21T 5 .

3. FIFEMFE

31 RIFHRAESN

LES DfERICEDNTIRAZER O ZEE 2 ffthr 5 7=
D, FRATHEIRNIC I D 2 ORI B Z1T 5, AFHE
BRAGH 5,000 time step 4% time step (235N T, JiR AR E
DS HENIERE LTz 5 S BEREOI R 723 4E X
. 525,000 HOKF-ABE LTz, £, ZDH%RD 5,000
time step | ZFEE % 16O TR BB 2k L 72, 7eds, K
T 72 25,000 fHORL -0 5 B, FEHIBER 10
mm TR & i L 7=k (Bottom-exhaust : 24,665 flE, Top-
exhaust : 24,380 { ) DI Z 550t & LT,

3.2 Residential time & U Travel distance
R DSEIPNIZ A L T B HER S LD ETIZoh -
7= 5[] % Residential Time, -~ DEIZFEIEAN %2 B8) L7
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(b) Velocity Vector obtained (c) Velocity Distribution
from PIV Measurement of CFD Result

Fig.4 Comparison of Velocity between PIV and CFD
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4 FEMTHER

4.1 Residential time & U* Travel distance

Fig.5 |Z Bottom-exhaust, Top-exhaust % 41 Z 11 D &4 12
$51F % Residential time D=4 £ 5347 %, Fig6 |Z Travel
distance DMERFE M Ak b RERE =L L B
RY, MIZEIZ BT Residential time & Travel distance 1
[FERDOMMZ R L TEBY, /NS B THfE R e — 2 3
bbb, T7bb, < ORI RAEBICENZERE
FTICEE R SN TWD, £, 20— ORITHE
B, HERL RO, Uk OENTEERREELC
KISLTE—=IRA N5 EEZ D,

Fig.7 (iR B S5 C Residential time 735/ & 7213
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HNOH, TNEBZ D EMRAITRNEESL L FR
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10 fEFRREDNT TENALIRH LTV D Z & RSN,

Residential Time [s]

Residential Time [s]
(b) Top-exhaust
Fig.5 Probability Density Function of Residential Time

Longest-traveling Particle

(a) Bottom-exhaust

Case: Bottom-exhaust

Residential Time = 9.295 s

Case: Top-exhaust

Residential Time = 9.880 s
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(b) Top-exhaust
Fig.6 Probability Density Function of Travel Distance

(a) Bottom-exhaust

Shortest-traveling Particle

Residential Time = 1.940 s

Residential Time = 1.220 s

10

Fig.7 Trajectory of Longest-Traveling and Shortest-Traveling Paticles
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Table 3 Number of Circulating Particles

g Number of Particles EREtRIVI 3,325 1,440
£ 24665
R Probability *76.3 % 13.5% 5.84 % 2.78 % 1.13% 0.38 % 0.09% | 0.008 % [ 0.004 %
Number of Particles NS 2,228 1,235 706 339 124 38 4 1 24380
Probability *80.8 % | 9.14% 5.07 % 2.90 % 1.39 % 0.51 % 0.16 % 0.02 % 0.004 %

% : Short-circuit Probability

(a) Bottom-exhaust

(b) Top-exhaust

Fig.8 SVE 3 for Each Condition

42 23— hr—F%y FERURERELR
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Unsteady Analysis of Cross-Ventilation Flow using Domain Decomposition Technique with LES
(Part 10) Validation of LES under Non-isothermal Conditions
considering Discharge Coefficient Modification
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"' Osaka University > Obayashi Corporation

In recent years, the use of Large Eddy Simulation (LES) is expanding. However, the computational load becomes much
more enormous when LES is used. In the previous study, the Domain Decomposition Technique (DDT) was applied to
LES under isothermal condition. In this paper, the DDT was applied to LES under four non-isothermal conditions with
three different methods. The results of DDT were compared with whole domain analysis.

1. [XC&IZ 2. CFD fEtr DHLE

ITAE D BANVKRMENT Tl Large Eddy Simulation (LES)
OFAPIER L TN DA, FRARDBRKE < EBETOMf
REESTIEev, BRI " ClaEIMEtr T — % 25
ML, BB A i AHEESR & L CENO O %
179 THERDENE 2 AV T 2 b oo HEA
fi Mz DR E SHIRBREE T CTo 72, B ? CIE/
R 2 O CIEEIR S T CREl BIVE A LES (236 H
L. FEEFEMITZAT 72, A TIE, FMAHBERSAFD
B2 FIZDWT 3 DOFHEDORFEATV, ENSMEIREG
(MG ) L L, REERGEETT ).

3m
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- A | |
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. I D . | D . |
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Fig. 1 Studied models

Fig. 1 (R TETIVEXRIC, SIGHE & sE Bk
\ZEDEBRNOH DT 21T O, BWETT VTS T—i8
6,000 mm, HEE 150 mm & L, —iZ 800 mm D[ [ A f5
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A& Z/NT A—2—L U5t 4 b stge b Uit &2
1ToT, BEHROBNTG A, IRESA, K E&D
IRF I & 2 OFEHE(R 22, AT Efnf & Bk D FRI 0 H
B K DR L T 5,

2.1 ZRSERFETE (£EEE - Whole Domain)

ASRAT I L BE Ry BV & T O T2 AT O BB & AL A )
%, Fig. 2 \ZfEHTREIR E A v > 2 LA T 7 hO—fil %R
T MATEEIIER S, E, m S AEE T 48,000 mm,
18,000 mm, 36,000 mm D & Lz, Fig. 3127 7w —
F 7 u—%&d, BEEMZEY ORIRER) S5 T 7
o —F7u—% AT, ARSI S 6,000 mm TR
1.0 m/s Z8E O EBRAE (C Smimov 5 P O FiEE A L
TRk L= EBa % 5272, 77 a—F7a— 3 1/
3.54 N EFRNHE S BEREIE CTh 5, Table 1 IZfEHTS:
fRZoRmd, 22Tl S|EMN 25 °CIZ b K 9 edklk %

I, Wall
Wall
ML n

N -
Wall 6000

36,000

5000| o Table 1 Studied cases
= Wind Indoor Outdoor
g Case | direction | temperature | temperature H;‘;‘/ﬂ:”‘
§4OOO ] [ [ W]
é Case | 20.0 281.8
2 0
E G 15.0 700.31
g 250
& Case 3 200 52.98
= 2000 180
2 (Gz550) 15.0 42274
)

‘ 15,000 3,000

30,000

_ 7,500 3,000 7,500

1000

0 0 02040608 1

Unit @ mm 48,000

(1) ZX Section

18,000
(2) YZ Section

Fig. 2 Computational domain and mesh layout (Case 1, 2)

Velocity [m/s]
Turbulent intensity [-]

Fig. 3 Approaching flow
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BE LT, BURmA2EH L, Kol —I1ch x 7=,
Table 2 (ZAEHTREZE 27, MRETERRS T %413 1,583,040 T
&%, HLITET /W, Reynolds Stress Model T & 715
554 HIIE 2 LT, LES 0 Smagolinsky-Lilly Model %
T, 7z O ATV, BEEOBIHEIT 09
& L7z, RANS OFEHT#H7> 5 LES ~OBATHIM T b
HEERFSIHIL 60 b & L = OO AL |

Table 2 Summary of CFD analysis (\WWhole Domain)

Fluent 2023

LES Smagorinsky -Lilly model

PISO

Central Differencing

0.01 sec.(100 Hz)

6,000 time steps (60 sec.)

6,000 time steps (60 sec.)

% 0)?\& 0)2&%@*}? ﬁi 60 *&Fﬁﬁ??o f:o *ﬁﬁy‘ﬁ : % 2 "“/g(}”“ Inlet Smirnov's method based on experimental value
/.\}E% jjﬁ/_‘ J: }:) %) > & ttﬁf—x L/T/J\ é % \f: &)4:;-:?! Outlet Gauge Pressure: 0 [Pa]
E%ﬁ!j:% Lﬁ““ k L/ f\—o Hﬁ#ﬁﬂ#ﬂio)ﬁ‘ Hj ) 7"\_ &) z'gn+ Walls Werner and wengle wall function

HOEHA LAT v 7 ITBNT, KB R % 25 9% L
T HIC 25 AUCIBHRERR O AR T R G 2 B L7,
22 FEEDEBREILERE LK RAEICE D HE
1545 £i% (Method 1) e
AR Y CIImERE A —E & L CHEyEIE % LES
W L7228, ARETiE, RATEEET L Y 2 VTR = ]
EIREE IR Lnﬂfnﬁ’ YENEEAT D, fEYENEORRET
g% Fig. 4 \Z7d, £9. — REFALEZHWTES}.
FENT 21TV, BR ARG O U IS 1T 2 W [ £ i
& BEH A5 200 mm BEAL 7L C O BRRERH M a8 7 H
JEGEH 2 By & BRI A2 B L72 (Step 1), ZAUD &R
AT T /UM L, IHGEHRE D DB OMK B2 R 150 a0 = K. e
MLz, 22T EEFOEELMAZBELZEQ1IC Unit:mm 3000 T 3000

yE (1) XZ Section (2) YZ Section
KO mRAFHL, SRATIH LT, Fig. 5 Computational domain for indoor analysis and mesh layout

Based on Table 9.4

1,583,040

6,000

|
N

1,000 800

assumed to be dynamic pressure of velocity

X i P 8 Dimensionless internal pressure, Py*[-]
magnitude in the vicinity of wallopening

Qupper’ Airflow rate at the upper opening [m¥/s]
40 Airflow rate difference [m¥/s]
Cyi* Wind pressure coeffcient [-]
Cu * discharge coefficient [-]

| Lower opening

[ R N A L €0 —0:-p
P, Py P

| Upper opening

B MM
: Oy =5e0(Py= P+ BIC, A SR =P+ B s et o,

| Caluclation of airflow rate balance

9,

B, =P,—P, [Pa] (Py Total pressure[Pa])

¢ Obtain instantanenous value for P, Presi, Pri, vpiyand vpie)
| in time series throughout the main calculation period
| (60.0[s])

End

v

Py Instantaneous internal pressure [-]
Py*: Instantancous demensionless internal pressure [-]
AP Pressure difference [Pa]
v, * Building height velocity [m/s]
=30=0 [m] B ACyi © Wind pressure coeffcient difference [-]
————————————————————— Ap, : Instantaneous density difference [kg/m® ]

|
|
|
|
|
|
Py, : 2.89 for outflow . | $ Preliminary LES calculation for indoor flow is run
317 forinflow Y ma{a, [1';—1] ~ot,:] I 1 (0.01 [slstep] X 6,000 [step] = 60 [s])
o |
|
|
|
|
|
|
|
|
|

| a0-

Cy - Instantaneous discharge coefficient [-]

Step 1 : Sealed building model analysis to obtaion Step2 : Caluculation of instantaneous airflow rate of Step3 : Indoor simulaiton using LES
instantaneous value ( Pui, Presi, Vpi, Pr) opening with LDSM under non-isothermal condition with domain decomposition technique
Start & External flow field is analyzed by RANS calculation, Smfl > Start @ Indoor calculation domain is simulated
where a building is simulated as a sealed model, an . . where opening is inlet/outlet boundary
| Where a building i lated led model, and ! | wh let/outlet bound:
| Renewal of instantaneous internal temperature 7, [K]
the result is used as initial condition for LES | L e . | | m—— |
| l‘(lmual value : assumed indoor temperapture) | B i |
Turbulence model is switched to LES,and | ®*>———=————"=—-————— "~~~ —~" "~~~ =~~~ 7 1 | | e
> i i isecti Inlet bounda
| preliminary calculation is run | ¢ Renewal of instantancous internal pressure, P, [Pa], by bisection method | | N ‘r‘y‘ (‘)l‘“}e‘t b([)undary
17(0.01 [s/step] 6,000 [step]=60[s]) ol | (Initial value : B = (P, +P,,)/2) | | S Y
Main LES calculation for the sealed model is run '§| | N 353.25 35325 ) P —Apahh [P | | z”':“z) ,?VL,‘ Vpi z“)f)—'vm
I (0.01 [s/step] X 6,000 [step]=60[s]) I O R L W = Ap.gAh [Pa] | | e Vriza)
A 2
: e e ! gl : Calculation of demensionless internal pressure, Py* [-], defined by | | i ‘{ ‘{ i }‘
| o :_‘—5: | Lower opening | ! —
| Sealed Building Model P, %l | Put= Py-P,, {1 which means Driving force normal to the opening &J £ Initial condition is calculated by RANS model
| i V(1) ;l | ' Driving parallel normal to the opening .L;I of which boundary condition is obtained based
| ~ Position where™~ & Voo .:;)l | Upper opemng B ) 'g-: I on RANS result of Step 1 and Step 2
| opening is assumed | gl | Put= Pri- Pyt Py [-] which means Df"_’“‘E force normal to the opening ] l Turbulence model is switched to LES. For both inlet
| to be located H P w2 %l | P, Driving parallel normal to the opening | and outlet boundary condition, three components
| H - HH | | Correction of discharge coefficientbased on Pg*, according to | of instantaneous velocity are given as followings;
| HHEHHHH L | . Velocll.y component normal to the opening;
| @ Pu : Instantancous wind pressure [Pa] |l = 0.8 Tnflow Outiow | Voi obtame(.i from Step 2 .
| = Static pressure on the wall is adopted L S o6 Two velocity c(?mponenls parallel to the opening;
| Pryi : Instantaneous static pressure o E . ac 1067 I v, and v, obtained from Step 1
| on the windward side [Pa] I : %D'é 041,
@ vy v : Two componentas of instantaneous | 5E
| : |2 8021, a 1023 foroutflow ) . ) . )
velocity parallel to the wall [m/s AC : ain calculation for indoor airflow is run
1 llel to the wall [m/ I O ooy & Main LES calculation for ind 1l
: Py : Instantaneous tangental dynamic pressure [Pa] | : q40 3 0' =0 10 T0 20 30 40 End + (0.01 [s/step] X 6,000 [step] = 60 [s])
| (!
| [
l [
|
|
|
|
|
|
|
|
|
|

| Yes Tou At Time step size [s]
Caluclation of heat balance Tin A * Airflow rate at the lower opening [m*/s]
Indoor/outdoor pressure difference [Pa]
war +[Oer w P
l7,.,- o wm(z L)+ Ty [K] Gravitational acceleration [m/s?]
L.l PP : Difference in height between openings [m]
| * Outdoor air density [kg/m’]
| Outdoor temperature [K]
¢ Instantaneous flow rate of each opening is obtained throughout the calculation period Instantaneous indoor temperature [K]
| of outdoor simulation (60.0 [s]), and the i velocity p normal * Indoor heat generation rate [W]
End + to the opening, Vv [m/s], is given as Vi = (O, + Q) 24 * Specific heat capacity [J/kgK]
Nl

J * Heat transfer coefficient [W/m’K]
* Model surface area [m’]
¥ Indoor volume [m']

Fig. 4 Procedure of Domain Decomposition Technique (Method 1)
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Fig. 6 Contour of mean velocity magnitude
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Fig. 7 Contour of mean indoor air temperature
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Fig. 8 Comparison of airflow rate
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MRETIVERRE LE-BABSFHOEAIROMBLUAIZET MK
(Z£D 1) RANS ZRAW-EFRBICH T S
Similitude of Indoor Airflow in Natural Ventilation for a Reduced-sclae Model
(Part 1) Investigation of Non-isothermal Flow Field by RANS Simulation

O 188 (KRS AR R ORBRORS)
e Bk CRBOR) g FBR RBOR)
HiE AR ORBRK) = BN CRIROR)

Zitao JIANG™' Tomohiro KOBAYASHI™' Toshio YAMANAKA™
Haruna YAMASAWA™ Shohei MIYAZAWA™ Ryuto MIURA™
"' Osaka University

The similitude requirement in reduced-scale experiment is fudementally important for generalizing the flow characteristics
obtained from reduced-scale to full-scale. In the present study, the flow field of reduced-sclae building and full-scale
building with same dimensionless parameter, Archimedes number (4r), is compared by using Reynolds-averaged Navier—

Stokes equations (RANS).

FC®HIZ
R CORERE T VIR A SRR O FF 72 S8R 71k
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Fig.2 Domain and mesh (1/10 reduced-scale)
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; y y: = Scal Full scal 1/10 scall
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Table 1 Summary of CFD settings o o o
CFD code Ansys Fluent 2023 R1 o o o
Turbulence model SST k- @ Model 0 o o
Algorithm Coupled 06 06 06
Discretization Eo.s Eos Eo.s
scheme for advective QUICK "4 "4 " o4
tenn 03 0.3 0.3
Inlet Based on measured values 0 0 0
.. Outlet Gauge pressure: 0 [Pa] o1 o1 o1
B ti
oundary condition Internal floor | Temperature adjusted by proportional control 0 0 0
Intemal Walls Emlsslvlty:og 0 U[l);/s] 1 0 Ov(;f()Eml/SOz,(]H 0.015 0 0.02 [1/(;]002 0.003
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: 0.30 0.30 0.30 0.30 0.30
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Fig.4 Validation of temperature distribution
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Fig.6 Distributions of dimensionless velocity U* along vertical lines in different cases
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Proposal of Opening and Closing Conditions for Airflow in a Corridor-Type
Collective Housing with Planned Wind Path: A Perspective from Ventilation Circuit Network

Calculations
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+ M B CRBRGASLRE)
Akira KATO*1 Tomoyuki CHIKAMOTO*1
Shushi DOI*2

*1 Ritsumeikan University *2  Osaka Metropolitan University

The purpose of this study is to propose the optimal opening/closing conditions (ventilation routes) for residents by setting
multiple ventilation routes according to residents through interview surveys, performing ventilation network calculations,
evaluating the ventilation volume and ventilation frequency for each ventilation route and each room, and comparing the

set routes.The results show that CASEG6 is the most effective ventilation path.
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Table.2 Flow Coefficient

Opening name  A(m?) 4 oA(cm?)
Al 1.68 0.80 :13406.40
A2 1.37 0.79  110807.20
Ax 133 0.68 9044.00
A3 1.33 0.70 9044.00
B1 1.46 0.74  110207.75
Bx 1.46 0.71 10207.75
C1 1.52 0.77 111248.00
C2 1.28 1.04 9105.75
C3 1.82 0.65 | 14044.80
T1/T2 1.17 1.16 |12168.00
Nw1 2.49 0.75 116185.00
NW2 2.08 0.72  24070.00
EN 1.39 0.75 110440.00
SW1 3.47 0.72  124973.92
SW2 3.47 0.72  124973.92
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Table.3 Weekday Schedule Table.4 Weekend Schedule
@Mother ADauther % Son @Mother ADauther % Son
06:00~07:00 | Wake up BE3 ‘Wake up BE1 06:00~07:00 | Wake up BE3 ‘Wake up BE1
07:00~08:00 | Household LI Sleep BE2 07:00~08:00 | Household LI Sleep BE2
08:00~09:00 | Commute 08:00~09:00
09:00~10:00 ‘Wake up BE2/LI 09: :00 Wake up | BE2 - LI
10:00~11:00 10:00~11:00
11:00~12:00 11:00~12:00
12:00~13:00 12:00~13:00
13:00~14:00 Go out 13:00~14:00| Go out Relax BE2 Go out
e (G0 out R —
14:00~15:00 14:00~15:00
15:00~16:00 Go out 15:00~16:00
16:00~17:00 16:00~17:00
17:00~18:00 17:00~18:00 Dinner LI
19:00~20:00 19:00~20:00 Relax BE2
20:00~21:00 | Commute 20:00~21:00 | Household Bathing BA
21:00~22:00 hopping * Re Return home 21:00~22:00 LI/ST Return home
BE1/LI ————————Work/Relax BE1/LI
22:00~23:00 | Bath/Sleep LI Bath/Relax BE2 Bath/Relax 22:00~23:00 Relax BE2 Bath/Relax
23:00~24:00 Sleep BE3 Sleep Sleep BE1 23:00~24:00 | Bath/Sleep| BA * BE3 Sleep BE1
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