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Study on the elderly monitoring by sound and vibration when using water supply using IoT
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To watch over the elderly by IoT, we focused on the use of water supply and conducted research on watching using vibration

sensors and sound sensors. Experiments will be conducted on two types of sinks, one made of stainless steel and the other

made of enamel, and whether they can be used for monitoring. As a result, the vibration sensor detected vibration when

attached to the lever handle. The sound sensor detected sound when attached to a stainless-steel sink. It was found that the

sound sensor is more effective than the vibration sensor in monitoring when the water supply is in use.
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Vibration sensor installed on lever handle (lab)
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Fig.9 Vibration sensor installed on lever handle (home)
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Fig.10 Digital output results of  the vibration sensor
(lab, Installed on lever handle)
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Fig.11 Digital output results of  the vibration sensor
(lab, Installed on lever handle)
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Fig.15 Sound sensor installed on the back of the sink (home)
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Fig.16 Sound sensor output result
(lab, Installed on tip of the spout)
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Fig.17 Sound sensor output result
(lab, Installed on the back of the sink)
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Fig.18 Sound sensor output result
(home, Installed on tip of the spout)
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Fig.19 Sound sensor output result
(home, Installed on the back of the sink)
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This study was conducted to quantify what technological changes an increase in energy conservation standards would

bring about and how much CO; emissions could be reduced as a result. Cluster analysis was used to categorize buildings

by similar characteristics of envelope and equipment design specifications. The technical changes associated with the

increase in energy conservation standards will be discussed by comparing the characteristics of the exterior skin and

equipment design specifications of each cluster. In addition, the probability of belonging to a cluster is calculated based on

building attributes such as location and size.
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Table.2 Correlation between predictors and principal components

PC1 PC2 PC3
BEIMAC 0.44 -0.15 -0.79
BEImHW 0.15 0.88 -0.05
BEImL 041 0.34 -0.02
BEImV 0.58 -0.29 0.09
BPIm 0.52 -0.07 0.60

Items Objective variables

Cold Dummy variable of cold region (the regions 5 to 8
are 0, whereas the regions 1 to 4 are 1)

Hot Dummy variable of warm region (the regions 1 to 6

are 0, whereas the regions 7 and 8 are 1)

Total floor area | Standardized building total floor area

Window area | Standardized window area rate

rate

Shape factor Standardized envelope area per total floor area

Bathroom Dummy variable of bathroom (not having a
bathroom is 0, having a bathroom is 1)

Parking Dummy variable of parking (no parking is O,

parking available is 1)

2.2 USRE—5HH

Fig.2 |27 T A X —5F DT VR — % 753, Rty
AR —H, HENIE 7 T AZ—DEL)N R IEE TO
FEBfED —3fn (SSE) TdH D, SSE DI NP B0
72D RN T AR = THDHDT, 77 A
5N LTS EEZBND,

4000

3000
2 2000
v

1000

1 2 3 4 5 6 7 8
Number of clusters

Fig.2 Elbow curve




A-2

Fig.3 ([CFHBEHNCEBT D7 T A X — i OfERE 7~ T,
TS ORT 5 &, PCL2NE Clusterl, 2, 4 1%t
)= L B —ERE MW ERE T D, Clusterl 1328
D BEIm 2V & <, Cluster2 X BPIm 23/)V& <, Cluster4
132230 BEIm & BPIm 2V NS UWMEHANZ & 5, Cluster3,
51T R/ X —MEREDS i MEE T 0, Cluster3 1
FRIGERIED BEIM 1T R &S, Z DM D BEIm &
BPIm A3/ NEVUMEENZSH Y, Clusters 1 BPIm & %D
BEIm 2V/NSUVMHANZ S D, ZD K DITHM - Biiakat
HRRIC K VIR Z DT D 2 LN TET,

= Clusterl = Cluster2 = Cluster3  Cluster4 - Clusters

N fa)
7’\%

PC2
Ahbisomows

PC3
Ao wa

-4-3-2-1012 3 4 -4-3-2-1012 3 4

PC1 PC1
Fig.3 Distribution of principal components

2.3 U5 R4—HIDBEIm DR

75 2K —L O BEIM OIS & Figd |\ ord, &
BT Tl =L X — 540 BEIM=0.80 (251 & BT 5
573, Cluster5 1% BEIM=0.80 O#iPHIZH Y, Bl & EIF
BB TN X —FEUERE T2 LT D, Clusterl, 3 1%
BEIm 7% 0.80 2% b DN HFEELAET D120, &
T ROLX LU | & P X B R R E IR O HA A L

ZESHFN - fE TR T S
IR RSO (2023.3.7)

WXV I TR —DBIENENTDHEEZBND,
Cluster2, 4 [ ZXER%7S BEIm>0.80 DHEIFAIZH 578,
o> Z A2 —|\ZRBET 5 FTREMEN B 2 B D,

Office  BEIm= 0.80

250
- 200 B Clusterl
g 150
& 100 H m Cluster2
50 H HH I m Cluster3
o mm L .-_
SwoTornsnonsns S | Clusterd
CNECERRONeNS S~
Yy S SSSS eSS =N @ Clusters
S S S Sl Sl S e
MNYE ORI R®KG DO
22 eesld
BEIm

Fig.4 Distribution of BEIm

Fig.5 (2457 7 A X —IZB D EEDOBEE i & 7~ T,
HI X5y & &2z 3T T D, 3l& EiFgoE=
TV —FLHERE7- LT\ 5 Cluster5 139X TOZEN
IRUVEIR COBED F <, B - SN =L ¥ —
PEREZS IV, Clusterl (3Ha5E0H > BEIm & BPIm Mt
I IAE =L HREL, HEEEO= R X —ERE
AR PEREDMERY Y, Cluster3 1% BEIMHW 2Mthod 7 5 A % —
LV HREL, MEEHEO TRV —PEREDMEY

75 AR —DRERSYHS BEIM>0.80 DEIFAIZAFAET D
Cluster2 1%, EIMAC 28 K&E W2, FADO L —MHE
MEL, ZEHOZ N —Rex ) EXE5 2 LT
Cluster5 (ZiF3< £ 2 535, Clusterd X BEImL 23K

Cluster] Cluster2

Cluster3

Cluster4 Cluster5

BEImAC| s

o

215

S19)

BEImHW |~ ¢
8
S
vi

BEImL

BEImV

=015

BPIm 3

SRwEA0

Fig.5 Distribution of BEIm of equipment and BPIm



A-2

B O= X —MREMME Y, BB O = R L —E
BEZ[H] L &% Z & T Clusters (23K £ &2 BN,
Sl & B %ROB = 1k HAEZ - LD Clusters &, 7
T AL —D KA BEIm>0.80 OFIPHICTE/EL, 227
@ BEIm 23K\ Cluster2 % Hifizd=5 &, Cluster2 i
Clusters & 0 &R OEJFA EAIRKZ N L 23bio
7z Fiz, FULL 7 T AX—DKERSD BEIM>0.80 D
HPHICAAE L, BRBA BEIm 23K &\ Clusterd % Clusterb
LT % &, Clusterd IZHAZIREIFEY 72 © OREBTHE
WHADRENZ Lo Te, HARIAEYS 72 © ORI
DWEESIHY10 WIM2LL T O34 LED BBIAAFIF ST
WA LEZ HRHM Clusterd (X 10 Wm2LL ETHA DT
LED CRWHRHAMNMER S TWb EE 2 bbb,

2.4 ODRT4 v YRR

0YAT 4y 7 BIRET ML D RS T AR
—~DOFfEMeR & BB ORR L Fige (1, i
HIE N ZIBHCTHNIZTHIEEOBREENKE W
Cluster2 & 72 2FEENE <720, B OBIFRZNEA K
XU Cluster3 & 72 HHERITRLS 725, IRBEHITHIUTK
KFOFER L 72D, FEREREAKE < 2251220 TSR
TRDIEETE ISR E VY Clusterl ~DFTBHERNEL 720,

e Cluster] e=====(Cluster2 === Cluster3

Clusterd Clusters

100% 100%

80% 80%

gﬁ(}% %60%

2 40% 2 40%
& 20% ;

& 20%
»

Cold Middle Warm
Location area

0%

200 1150 5000 20000
Total floor arealm?]

100% 100%
%,80% :5,80%
2 60% T 60%
2 40% S 40%

R 200
0%

f 200
0%

0.06 0.1 0.2 0.8 1.5 2

Window area rate Shape factoe

100% 100%
80% £80%
2 60% g 60%
2 40% £ 40%
o

Not Available
available
Parking

‘ 0% |

Available Not

available
Bathroom

Fig.6 Change in the probability of being included in each cluster

TR - B T g
IR RSO (2023.3.7)

Cluster3 ~DOFf@fE=RIFR< 725, £z, FBIEEIV]
SUVMZE Clusterd & 722 D ffeED m< 720, LED BB H
WHALTUWRU Clusterd & 7e B I3 < 72 5, Shape
factor |3/N& < 7225122 T Cluster3 ~DFTEHERILH
<7V, Bl EFHOBE XN —EWEENT-T
Cluster5 ~DpTEfERITE< 72D,

3. BhYIC

AFix Web 70 77 AOANHIIT—5 %0 T AH
—HTL, BT —HHEG & LIFIC KDL - i
AHIROHMNE L 2B LT, FHFTCIIE=F /¥
—HHEG | X RIF O BEVEA T T REE L & DRSS
FUZBNTH =RV TR @ &3 oTz, K
Hhs BEIM>0.80 O#IPHIC/FTET 2 EWREL, HiEs
DORJFRENRE VW E D, LED IBIAZSHWV S TR
HLOTHY, EHOBJRKEZ/ NS LY, B%E
LED 28z 5 Z & THl& LIF oML+ X 51
RHEEZEZLND, SHROMEE LT, 7 TAL—~D
TR & EMEIEORRE BT H 2 &, AR TO
INTHRERZ b L ICE R I | X BT g
{LERFHEHHIEE ERbT 5 2 LT oD,

Ei i
AAFFEIT ISPS FBHFE: 20H02312 DBIRR 52T 72 b D Th 5,

& E X

1 BREEE  HERRBEHEXIRGHE 202110 (B @ 2023.2.9)
https:/Aww.env.go.jp/earth/ondanka/keikaku/211022 html

2) EIZGEE  BEW O X —EEMREOR FICRET 5

EfE 20157
https://elaws.e-gov.go.jp/document?lawid=427 AC0000000053
20220617 504AC0000000069 (R : 2023.2.9)

3)  [EIARWE RIS DB R DT [ X
{22V T 2021.8
https://www.meti.go.jp/shingikai/enecho/shoene_shinene/sho_en
ergy/kenchikubutsu_energy/pdf/016_05_00.pdf (Z:H#:2023.2.9)

4)  TEEERTZERT  EE D T 3L i AR BT 2 B

R https://Amww.kenken.go.jp/bece/  (ZR : 2023.2.9)

5) EHHAEM, WIWE A IEESMEHIE Y e 7T ADA
W7 — %2 238 UT-FEEEEEEM O - Bimakit s
REOMT (2D 1) SHEEBATE NV A ktG L Lic AT A
PR R OARAER) 2R G HERR O, B AR BT
FamsCEE, H85%, 7775, pp.859-869, 2020.11.

6) RJIIAMAM 3 4 A EHEESMHE T v 7T LD A
7 —5 &5 UT-FEFEREWM OINME - 3T IE
ST (D 2) : v P ATy 7 [BYRIZ K DKL« SEHIBI D
FRAMIARD T, HARGUERBRE R E, F 87 5,
55797 5, pp4d8-459, 2022.7.




A-3

ZE SN - A AR Tl S
FTTZE R R iU (2023.3.7)

Research on quantification of the effects of compliance with residential energy conservation

standards by Total Residential End-use Energy Simulation model

OILsF BE (KIRK)
JER I
Yuuki EMORI™!

TH &HZ (RERKRZ)

A& (KBRKRF)
Yoshiyuki SHIMODA™!

Misaki FUITWARA™!

*I Osaka University

One of the challenges of TREES, which allows for realistic estimates in the residential sector, is the lack of representation

of residential energy efficiency standards in the 'energy efficiency of housing'. This standard consists of thermal insulation

standards and primary energy consumption, which represent the overall energy performance of a house. The aim of this

study is to review the effectiveness of the measures by adding a primary energy consumption standard to the conventional

method that deals only with the thermal insulation standards.
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Household attributes Data for an individual household

Energy end-use model

l Behavior of \
Data preparation models each family member ‘
- Number of appliances owned > Appliance energy-use model
Occupant behavior schedul h
model Wattage of appliances

‘ Weather data k

Logit models of appliances Plan of house

Space heating & cooling
energy-use model

Specifications of
walls & wi

Building stock transition
model

Preset air temperature § * Heatload simulation

ON/OFF probability of
space heating & cooling

? of RACs

Logit models of water heating

* Function of operation COP

& space heating systems Type of space heating system

Logit model of bathtub filling
frequency

Specification of
space heating & cooling system

model

Manufacture year of RAC

- Function of city water

bathtub filling frequency temperature

Amount of hot water * Hot water demand

simulation

Preset temperature of
hot water

of water heating system

" Type of water heating system

specification of
water heating system

Fig.1 Summary of TREES

Water heating energy-use

+ Sub models of each type
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Fig.2 Changes in residential energy conservation standards
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Fig.3 Determination of equipment for

hot water supply applications.
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Table.1 Standard-compliant equipment in each sector

Equipment for compliance

Target Applications
g ppiicatt with standards

Thermal insulation
1999 Standard
performance

Air conditioner performance

Heating and coolin
& & category (L) - (A)

Hot-water supply || Condensing gas water heater

Ventilation Wall-mounted Type 2 and 3

L Combination of
Lighting

LED and fluorescent lamps
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Fig.4 Percentage of households by housing thermal insulation
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Table.2 Detailed conditions for each case

2013 2030 Measures
Heat pump 4.42 million 15.9 million
water heaters i o newly: 10.1 million
i Condensing 4.48 million .
(units) already:20.4 million
Fuel cell 50 thousand 3 million
LED 0% 100%
Television 157 W 74 W
Appliance Refrigerator 871 kWh/year 330 kWh/year
Air Conditioner
energy 3.7 5.2
fficienc AP
€ y PC 3BLW 204 W
VTR equipment 35.7W 26.4W
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Fig.5 Energy savings benefits of compliance

with energy conservation standards for new housing
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Fig.6 (a) Comparison of secondary energy reductions between models

70.0
60 3 6 0 6 OHigh-efficiency water

~ 60.0 . . heaters
8 O High-efficiency lighting

d 12.2

£ 15.4
2 50.0

- 5.5 B Thermal insulation retrofit
2 20.0 6.3

S 10.6
h-1 O energy-saving standards
2 300 li

@ o compliance
.5 O Air-conditioner
4 20.0

£
,3 10.0 ORefrigerator
o
o

0.0 O Television

Previous Model New Model

Fig.6 (b) Comparison of CO, emissions reductions between models
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STUDY ON HEAT SOURCE WATER NETWORK SYSTEM UTILIZING UNUSED HEAT
FROM HOT SPRINGS
- EVALUATION OF THE AMOUNT OF HEAT TRANSFERRED BETWEEN FANCILITIES
VIA THE NETWORK-PIPE-
O A CRBRTTYZRS) s ERT (KPR ST KT
PR EEe (RFRANLRY) hRE EE (KBRS R )
Jincheng DAI*! Minako NABESHIMA*? Masatoshi NISHIOKA*? Masaki NAKAO*?

*1 Osaka City University

*2 (Osaka Metroplitan University

A heat source water network system was proposed as a system that utilizes hot spring heat across the area. In order to

reduce the initial cost of regional piping, it is necessary to consider in advance whether the heat source water piping with a

low-temperature level needs insulation. In this study, we proposed an unsteady heat transfer model that approximates the

thermal properties of soil;-and evaluated the effects of different soil conditions on non-insulated direct-buried pipes. As a

result, when the heat demand of a small-scale facility is increased in the piping of the non-insulated direct-buried system, the

amount of heat acquired in the small-scale facility increases overall. And the received heat of a small-scale facility via the

network in the non-insulated direct-buried system becomes almost the same value as the heat demand in the case with

insulation.
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Fig.3  System diagram of small-scale facility
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R * soil heat resistance K/'W hy : burying depth m
As : soil thermal conductivity W/K L : piping length m
Ar : equivalent soil thickness m d : piping radius m
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L >
Piping inner diameterd,,

e —
Piping outer diameter  d

ground
« surface
temperature

boundary

Fig.4  Buried piping Fig.5  Equivalent soil thickness
1
temperature
_T_he:mzlair stance
;ground
1surface
: temperature
H H i boundary
i piping i soil i
! boundary ! division !
Fig.6  soil division model
dTpey 1 Eq.4
cpVap at R_(Tn — Thy1) + Qflowgr
n
Vip—=—Ti.1 —T;) + = (Tiy1 — Ti)
pVi i-1 i i+1 i
dt R;_1 R;
i €(2:n)
dT, 1 Eq.6
Canp dt = Qflowygter + R_(TZ -Ty)
1
Qflowygrer = Apip X (Twater — T1) Eq.7
T * temperature °C Qflow : heat flow w
water : water boundary n : division number
¢, * specific heat J/kgK V : volume m?
Ar © small radius m 7, * piping radius m
A ¢ thermal conductivity W/mK L : longitudinal length m
air : ground boundary R : thermal resistance K/'W
p : density
Eq.8
RMSE(x,y) =
m m Eq.9
CVRMSEGey) = |- (=302 =) Iy
X, = |— xX: — V: — .
y m. i — Vi ms Vi
i=1 i=1
m | . number of | ¥ : soil division model Y | : calculated
samples calculated value response

ARSI R 2T R (2023.3.7)
Table 1 24 hours RMSE, CVRMSE (absorption heat)
moisture moisture moisture moisture
Sand
content 0% content 23.3% content 0 % content 0 %
depth 0.33m 0.33m im 1.5m
RMSE 0.06693 0.03325 0.01513 0.01818
CVRMSE 4.89% 0.48% 1.11% 1.33%
Table 2 24 hours RMSE, CVRMSE (transmission heat)
moisture content moisture content moisture content
Sand
0% 23.3% 23.3%
depth 0.33m 0.33m 1m
RMSE 0.13880 1.27693 0.79496
CVRMSE 29.35% 32.07% 35.88%
51. HREEE

REESE . /DEEE . B NW BLAE O 1 B HALO
X% (Table3) ZHH L, Table4 |[ZRT 7 —RARALT
4 DFERAEEET S, SCOP 1L Eq.10 2 HHE T 5,
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FCIC2 5, HERESND, RIEOREE G~
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U2, 111, 1151272 %, BHEGR{RDE W % SCOP 12
WEBERIETZENb2 D, —HORIBEREELND
2 & S4, S5, S6 DRI VT, Hip NW L& 1T
K DBHRINRKE | IEER T L A EBE TR
7p%, THEEAFEOBENG . BIEBERHINT VL
BERMNKE L 2 b, BRI WL, BEEMFICE
LZEJRAK R Y N — 27 VAT A~DEBENRKE N
ENPIND,
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Fig.7 ® X 512 S3~S4 |28 1F 5 /NRFEAE O EABIL R
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Fig.9 (Z o B i — B RS0 il 22 7k 9, BARIGER i % 8 <
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1359 0.3~04 IZIK T L7z, LarL, Hip NW ELE 2R
RATERT L. /B % o Fild 24 B X 2RI B 5L
776

Fig.7 13558 NW Bl & /BB R% o TR EE 511
S R i RR T PN IRE & NW B IR 75 % Fig.10 12,
NW B8 73 /NS 5% o6 §i 1% O 76 % Fig. 11 12
T Fig.10 £V . /NBUESE OBEINGEAE & © OIRE =
LD LNBIIERE & NW BL A& RS 2223 e K 2°C Ly
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Table 4  soil conditions
Moisture Thermal Burying
content diffusivity depth
No. Substance % m2/s m
S1 sand 0 0.0002 0.33
S2 sand 0 0.0002 1
S3 sand 0 0.0002 15
S4 sand 23.3 0.0008 1
S5 sand + clay 21.6 0.0009 1
S6 loam 36.6 0.0003 1
10000 QNW (kWh)
2000 76467225 W s1(SCOP1.17) M s2(SCOP1.17)
6000 414 W s3(SCOP1.17) w s4(SCOP1.12)
::z: 245013981 795/ ®s5(SCOP1.11) m s6(SCOP1.15)
246 356
o ——
2000 -619-668-684. 316 el Tntee
-4000
6000 4098
-8000
-10000 T gsa

Large-scale facility QNW Small-scale facility QNW Enthalpy diff

Fig.8  Daily integral value in S1~S6
8 Small-scale facility and NW piping temperature
6 difference(°C) e
—— -with heatrecovery = --—-—-- no heat recovery.
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Fig.10  Temperature difference in T2-T1

1 o
_NW and soil inner surface temperature difference("C)
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- 8 .
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Fig.12 Temperature difference between T3 and soil inner surface
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B35 & bIZH A, ,MHSE,AEE*@“C %Lﬁ?f@ﬂ”S & [Al
REOBISEICRD Z LR bhoT,

SCOP — Qcon,sys quo
Sys
Qcon,sys - System generated heat ‘ GJ SCOP : System COP
Egys - System power consumption((includes HP and water pumps) GJ
Table 3 Character definition
Heat exchange with network
ONW Amount of heat from facilities to network (positive)
Amount of heat from network to facilities (negative)
Enthalpy | Pipe heat loss and change in internal energy by water
diff. temperature change (negative)
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Fig.7  Small-scale facility (Temperature measuring point)
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ZERFAZENE LI-HKEZEROHE
(F108) REHARVCBAFREZEICL-HKESREMEHETE
Study on Aquifer Thermal Energy Storage System for Space Cooling and Heating
-(Part 10)Estimation of Aquifer Thermal Storage Characteristics Based on Heat Source Well

and Observation Well Temperatures-

Ol B CRBRHINZRS) (IR Y ON /AN D)
B OMA (ZERETY—< LY AT A XA R EE CRERANLR)
SR BT (RBRMNLKREE)
Takeru YAMAZAKI*1 Masatoshi NISHIOKA *2
CUI Linri*3 Masaki NAKAO*2
Minako NABESHIMA*2

*1 Osaka City University *2 Osaka Metropolitan University *3 Mitsubishi Heavy Industries Thermal Systems, Ltd.

When planning the interseasonal operation of an aquifer thermal energy storage system (ATES), predicted values of the
pumping temperature for the next season are required. In this study, for the purpose of predicting the pumping temperature,
a method to estimate the heat storage characteristics of the aquifer in question from actual pumping temperature values

during ATES operation is continuously investigated. In this report, we compare the estimation accuracy of the method using

the pumping temperature of a heat source well and the temperature of an observation well.
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Fig.1 Water temperature of heat source well 1
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Fig.2 Water flow rate of heat source well 1
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Fig.3 Total accumulated heat rate of heat source well 1 Fig.4 Water temperature in Observation Well 1 and Observation Well 2
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Table.3 Physical property
Name water Aquifer Impermeable layer
Porosity [-] - 0.3 0.3
Original ambient temperature
9 e temp 196 196 196
[q
Volmetic heat capaci
3 pacity 4.2 3.18 3.06
[MJ/(m®- K)]
Equivalent volmetic heat 348
capacity [MJ/(m*- K)] '
Thermal conductivity
[i(m-s- K)] 0.6 2.7 1.2
Equivalent thermal 207
conductivity [J/(m-s- K)] )
Coefficient of permeability B "
[mis] 1.73x10 1.0x10
20
D18 o e=——I==
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Fig.9 Comparison of measured and calculated values in heat source

well 1 (Heat dispersion length 0.5m, Effect of groundwater velocity)
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Table.4 RMSE(FY2021)
Heat dispersion length[m]
RMSE [°C] P J
05 1.0 2.0 5.0
0 146 1.32 1.08 0.54
Darcy
; 0.91 0.81 0.62 0.17
velocity
0.51 0.45 0.38 0.56
[m/year]
60 1.30 1.24 1.22 132

Table.5 Estimated thermal hydraulic properties

Pumping temperature of ~ Temperature of

heat source well 1 observation well 1

Aquifer thickness (Screen length 6.2m) 3.1m

Darcy velocity 20m/year 40m/year
Heat dispersion length 5.0m 1.0m
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Fig.10 Comparison of measured and calculated values in heat source

well 1 (Groundwater velocity Om/year, Effect of heat dispersion length)

Tz, 3 AEROTERRD T T 2021 4EEE OHEERE AN
B & DRRZEN TR H/INS W2, BB 20m/year, A
YRR 5. Om 2B F 112 D E5KIEEIC X A HEEHS
Rl

4. ZARMURED T

ARETIE, B R OBNEHF OAKIRSHTIZ L0 15
7o R G D ENGREN R A IV N T RO BRI =R 2 FEIfiE
LB L, B 23T 5 2 ETHONI -T2 &
WZOWTIRR B, £, BHEFZE TIT 6078 > T e
WERBEFEN O A TR X 0 HKBIE S & B RIERO IR
ED LB T HDONNTHONTHE KT 5, 728, 2a|
INROR AT (E3) DX E BT 5,

4.1 EREMFMEHEEEZMEA L-FoREIRE
SO ENFREMFEMEICBI L C. 8 D330k 212k
UWNCEIADH FIREE LI &0 HEE U 72l & BEH 7 OBk
FEIZ L OHEE LT-E% Table. 5 IZF 0D, ZOHEEE
Z FH T2 B 0 BRIV SR 0 FEHEME & G FAE O i &
Table. 6 (27597, Table. 6 & 0 BRI FIEEIC L A HEEE
ZROTZBSOBEIERIL, FEANE & FHRAEORRZEDHY 1%
LINT&H - 72208, BURH T OB/KIERE & OB, ek
H 8UDREZENAE Uz, BN OB IR % = 25HT
TIEKEIRE S Z2HEE 72 W T2 DHEETR E DRI L
7o, ZORER, B TIREZ A= 5E6 L0 bHEER
ENKE L pote, ZOZENLHIKBES EBREERN



A-5

DSENAIERIZ G- 2 H AN RE L, WERHET 572
DIV IREE 2 = HEE D K 5 12 Ehiar
ICHEECTEX A ZENEETHD LW TX 5,

4.2 HKBEIHLHALENEICEZ 8

Doughty & YO&IAIZ ZAUE, [BREZRNDN RN
THKBIESNRE K 25 EBRINRNA BT 5 L
HITE D8, ARFTETIELAT 2 DOERE ) BERBEGED
HIECHKEE S DERIRIZ G 2 580D TolT
T 5,

OARBFFEDOH KL I DHKEIE S & BRIERD
BRE 3T %

Q%G CIEIBRENHY 0 TIXRVO T, BEIRIZ S
% 5 BREETR DB A ST 5

Table. 7 \ZEHE4M: 2777, Table. 7T DEELAEICHOUW
TS L ITHAKBE X 3. In DR L SLBORESIEE L
THZDEATHY ., S 2 13HAKBIES 3. Im DEFD 2
EOREE 52555 THY ., WimKEE S CHALR
WELL 2D, 7ok, HoKETT VOMMEEI 2.1 fix
ST 5,

ENEURZ TS 5, H/KEE S DERIGRIZE- 2. 5
B ZONT, BRETIREDS Om/year DA% Fig. 11, B
BRI 60m/year DA% Fig. 12 (v d, 72720, fit

FEEN 72O HKEIE S & AR O I EOFER
235V Doughty HOFR E—87 5, Fig 12 THKE
JEX 3. Im & 6.2m(GM 1) LV, BERNWDAHDH5E, H
KB & & B RIIER O BRIT HLR A2 IEOFR RS CIERNA C
TR, LvL, HKEES 3. In & 6.2m(5M2) K0,
BACERDE LU & D R T CIIBRER AL O A 2B
boT, HAKBEISNKEL 725 EBEIEE LM BT 5
ZEWGIND, ZOZEND HIKBEISNRELS D L

Table.6 Comparison of measured and calculated heat recovery rates

2SR - AR T S
EITRIRGE T R SCEE  (2023.3.7)

FHRVKILOAET DR E SHP/NE 25728, KA
T BB DR R E < ST TEYRINERAME T4

D EHEHITE D,
5. F&¥H

ABFFETIEL, ATES AN, D BRH P DOIREEPHi D
FEME Z FV T, B ORI L v BREEfiN &
BSER A MAE DR THEET 2 1EkOFEZ AV Txf
SHOBGREN A HEE LT-, & LT, BYEIERIZ SN T
BUAHFIREEIC L D HEERE R Y L i LT, T ORERE, #F
KBE X LB AINIICHEE T2 = & 3SR 8L
FEREE 2 A B HEETIEDE L 5 < BARIR A HEE ©
XAHZ Do T,

HED  FREOERK

V:prinn(eo - ein) (1)

1£2) « FARHEL & S MEMRE RO EFRA
Cp™ = Cypw Xn+ CagPaq X 1-n) (2)
A=Ay XN+ gy X (1 —n) 3)

{E3) : BEIROEFRK

CwPw Zi Qouti(gouti - 90) % 10

0 4
CwPw Zi Qini(gini - 90) ( )

n[%] =

2 E XM
D) Pras : TZERRIAZ BrY & LIk EEBADRIZE-(6 2 )
9 X THIKITIS T 2 BRIV RO FE & By BdR DORE
{1 225G A TR R SFANRIEGR SCIR S 2 6, 2020 4F
9IA
2) IS« TR H IR 7B OAGRZE L B OV K
JEBHNOAIBIATHEE |, Kansai Geo-symposium 2022 7 3T,
2022411 A
3) Doughty Christine %>:A dimensionless parameter approach to the
thermal behavior of an aquifer thermal energy storage system, Water
Resources Research, vol.18, No.3, pp571-587, 1982

Table.7 Calculation conditions and heat storage radius

Table.8 Symbol table s

& 50 X 50
(*1: Measured value, *2: Calculated i 40 W 40
= 3 = 30
. g &
value, *3: Literature value) 7 20 g 20
10 10
Initial ground temperature[*C]*! 0 0

Return temperature[*C]*!
. Pumping temperature[C]*2 1£H 2%H
n  Return flow rate[m3]*! P
. Pumping flow rate[m?]*'
Thermal storage capacity[MJ]*
Equivalent physical property value*2
Porosity[-]**
fw  Physical properties of water*?
fag  Physical properties of gravel*3
Cp  Specific heat by volume*?
A Thermal conductivity*3
1 Heat recovery rate*3

sos
IR

Heat recovery rate %] - Aquifer thickness Aquifer thickness 6.2m
Measured value Observation well 1 Pumping temperature of
Year / Season temperature heat source well 1 3.1m terms 1 terms 2
Heat S;:rce Heat T:;rce Heat s|<|>:|rce Heat s”o:rce Heat sltlal;rce Heat s|<|>:rce Flow rate 500m3/day 500m3/day 1000m3/day
wel wel wel wel wel wel N
2019/Winter Heat storage radius 78.14m 39.07m 78.14m
2020/Summer 25.03 25.86 2837 Initial ground temperature 19.6°C
2020/Winter 50.08 51.66 58.00 Return temperature Heat source well 1 : 14.6°C, Heat source well 2 : 24.6°C
2021/Summer 5634 5546 5694 X ) Winter and summer operation period, spring and fall stop
2021/Winter 50.96 51.73 55.89 Period of operation 0k 90 d h (total 360 days)
2022/Summer | 51.52 5089 5447 period: @0 days each ttota ays

m31m m62m(&fF1) m6.2m(FfF2)

Fig.11 Effect of aquifer thickness on heat
recovery rate (Groundwater velocity Om/year)

70

3R 158 258 3%H
'3

m3.1m m6.2m(%fH1) me.2m(FfH2)
Fig.12 Effect of aquifer thickness on heat recovery
rate (Groundwater velocity 60m/year)
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Study on Aquifer Thermal Energy Storage System for Space Cooling and Heating
- (Part 11) Examination of the Method of Increasing Cold Water Storage in Winter-
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Masatoshi NISHIOKA *!  Yuka Yasuda ™!
Linri CUI™? Minako NABESHIMA™ Masaki NAKAO™!

*I' Osaka City University

Mitsubishi Heavy Industries Thermal Systems, Ltd.

When aquifer thermal energy storage (ATES) is operated in areas such as Osaka, where the heating load is smaller than the
cooling load, the amount of cold heat stored is insufficient compared to the amount of warm heat stored, resulting in an
annual heat storage imbalance. To solve this problem, this study proposes an operation method that additionally produces
cold water at night during the winter season. In this study, the model is improved to a realistic model that controls the pump

flow rate, and a comparative analysis between a cooling tower system and a heat pump system is conducted.
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Table 1 Equipment list
B bk Bh BeaR is: B | HHE ;3 i
) Exchange heat
Capacity 200 USRt(703.3kW) . 818.0kW Flow rate 100m*/h
quantity
Input:12.0°C . High temperature 26°C/21°C Deceiel Lift 60mAq 185
Coolled water Output:7.0C €8 | side condition 140.7m’/h P [Buildings Fiuid Movers F kW
TRy Flow rate:120.6m?/h 1275 exchanger TP temperature 20°C/25°C lowControlled_m_flow
urbo Tnput:33°C 2| (o side condition 140.7m*/h Flow rate 127m°/h
e Cooli Output:38°C kW | Aquifer) Buildings.Fluid.HeatExchang Evaporater Lift 28mAq 11
t
©0mE water module ers.PlateHeatExchangerEffect um Buildings.Fluid.Movers.F| kW
Flow rate:140.7m’/h [T module
T ivenessNTU lowControlled_m_flow
Buildings.Fluid.chillers.Electric Exchange heat
module . 818.0kW Flow rate 150.2m*/h
ReformulatedEIR quantity
Capacity 814.0kW Heat High temperature 38°C/33°C Condenser Tift 27mAq 18.5
co];]l(j: ratﬂeler 140.7m*/h e side condition 140.7m*/h pump e Buildings. Fluid. Movers.F kW
oot ng Wi 32°C/37°C (e Low temperature 32°C/37°C lowControlled_m_flow
ooling temperature . .
tower | Outside wet bulb e Cooling | side condition 140.7m*/h Cooling |_Flow rate 140.7m*/h
temperature tower) Buildings.Fluid.HeatExchang, & Lift 20mAg 11
dul Buildings.Fluid.HeatExchanger module ers.PlateHeatExchangerEffect water dul Buildings.Fluid.Movers.F| kW
module s.CoolingTowers.YorkCalc ivenessNTU P moduie lowControlled_m_flow
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(Constant injection temperature model)
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Performance of Local Exhaust System as Prevention Measure of Infection in Consulting Room
(Part5) The Effect of Air Supply Systems with Gas Generation on Aerosol Infection Risk
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In this paper, a local exhaust ventilation system that combines a floor-supply ventilation with a local exhaust system

(hood) is intrduced as a countermeasure against aerosol infection during close-range conversation. The capture efficiency

was caluculated to examine the effectiveness of the combination of hood and floor-supply ventilation.In addition, the

quanta concentration in front of non-infected person's mouth and the time to reach 5% risk of infection to non-infected

person is calculated to evaluate infectious risk in each condition.
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Table 1 Details of Experiment Parameter

Air Supply Method from Air Flow Rate [m3/h] Hood Horizontal| Hood Flow Rate |Hood-Head Distance
Under Floor Chamber (Air Change Rate [/h]) Position [m3/h] [mm]
Case A-1 Floor-supply ventilation 1,000 m3/h(50 /h) above the infected 0,50,100,150,200,300,400,500 500
Case A-2 | 8 Swirling flow type diffusers | 1,000 m3/h (=125m¥h/diffuserx8) (50 /h) person 0,50,100,150,200,300,400,500 500
Case A-3 |12 Displacement flow type diffuser$ 1,000 m3/h (=83.3m¥h/diffuserx 12) (50 /h (patient) 050 100,150.200,300.400,500 500
Case B-1 Floor-supply ventilation 1,000 m3/h(50 /h) 0,50,100,150,200,300,400,500 500
Case B-2 | 8 Swirling flow type diffusers | 1,000 m3/h (=125m¥h/diffuser=8) (50 /h)| middle of manikins  |0,50,100,150,200,300,400,500 500
Case B-3 |12 Displacement flow type diffuser| 1,000 m3/h (=83.3m¥h/diffuserx12) (50 /h 0,50,100,150,200,300,400,500 500
Hood Ceiling exhaust
(0,50.100,150,200, (air flow balance)
300,400,500 m3/h) 1 - —1
1L 1L 1L
patient doctor patient doctor patient doctor
Case A-1 Case A-2 Case A-3

Floor-Supply Ventilation
(a)Case A:Consulting Room
o —

Swirling Flow Type Diffuser

—

Displacement Flow Type Diffuser

1L

non-infected

1L

infected ' non-infected infected infected ' non-infected

MWH
—

1= 1= 1= 1= 1= 1=

Case B-1
Floor-Supply Ventilation

(b)Case B:General Conversation
Fig.3 Images of Experimental Conditions

Case B-2
Swirling Flow Type Diffuser

Case B-3
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tube
heating cable,

He1.95 L/min

mass flow controller

CO, 3.26 L/min

blowing height 1,100 mm

patient manikin
(75 W)
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total : 5.21 L/min

Fig.5 Method of Exhalation Generation
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Performance of Local Exhaust System as Prevention Measure of Infection in Consulting Room
(Part6) The Effect of Air Supply Systems on Infection Risk Using Artificial Saliva
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*1 Osaka University

In this paper, a local exhaust system is introduced into the consultation room to explore more effective ventilation
measures in order to prevent infection. In order to reveal the effect of the combination of floor-supply ventilation and
hoods, we compared the case of air supply system using a swirling-type floor diffuser and a decplacement type floor
diffuser. This study caryyied out the experiment in a full-scale model and infection risk due to exposure to droplet nuclei

from infected person in front was estimated by using artificial saliva.
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Ditals of Emmision Conditions
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—@— A-1 Floor-supply ventilation (above the infected person)
—— A-2 Swirling flow type diffuser (above the infected person)

—— A-3 Displacement flow type diffuser (above the infected person)

- {O- - A-1 Floor-supply ventilation (middle of manikins)
-/\ A2 Swirling flow type diffuser (middle of manikins)

- 1 - A-3 Displacement flow type diffuser (middle of manikins)
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Performance of Local Exhaust System as Prevention Measure of Infection in Consulting Room

(Part 7) Study of Spreading Characteristics of Droplets from Coughing and the Countermeasures

O ¥ (KBRS i &R CRBRE)  # Fb0 (RBR%E) Mk Js CRBRRE)

PR R CORBRORSS) HEOE (KIRKF) BEIRL 2 CKIORSR)
Ren ZHANG™' Toshio YAMANAKA" Narae CHOI™ Tomohiro KOBAYASHI™
Noriaki KOBAYASHI™ Jun YOSHIHARA™ Aoi FUITWARA™

"'Osaka University

In order to understand the generation characteristics of cough droplets while wearing a mask and thus be able to
reproduce the behaviour of droplets realistically. This paper used PDA (phase doppler anemometer) to measure the velocity
and diameter of droplets escaping from the front and side slits of the mask. Also, the pressure loss characteristics of the

mask material were also measured in order to investigate the effect of the passability of the mask material on the particle

generation characteristics.
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Detail of The Measurement Point

Mask Upstream
® Measurement Point

Mask Downstream
Measurement Point

Low Pressure Variable
Reluctance Sensor
(DP45 , Validyne)

K

Ultrasonic Flow Meter
(TRX50D-C5P, ATZTA)

Turbo Brower
(VCPO062P, FUji Electric Co.Ltd.)

Fig.1 Pressure loss measurement system
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Fig.2 Pressure loss properties of each masks
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Fig.3 Phase doppler anemometer (PDA)
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Fig.4 Droplet measuring device
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BE Uz, MR MRESER D or.LEms T, &
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Mearsurement
Velocity Component
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Point
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Point

Fig.5 Measurement points and the direction

Tablel Measurement condition

Point | Case Direction Mask
FX_N X No Mask

Front FX_MS1 X Medical Mask Class I (MS1)
FX_MS2 X Medical Mask Class I (MS2)
FX_MS3 X Medical Mask Class Il (MS3)
FX_SNW X Sample No-woven Mask(SNW)
SY_MS1 Y Medical Mask Class I (MS1)
SY_MS2 Y Medical Mask Class T (MS2)
SY_MS3 Y Medical Mask Class II (MS3)

Side SY_SNW Y Sample No-woven Mask(SNW)
SX_MS1 -X Medical Mask Class I (MS1)
SX_MS2 -X Medical Mask Class I (MS2)
SX_MS3 -X Medical Mask Class Il (MS3)
SX_SNW -X Sample No-woven Mask(SNW)
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Fig.6 Kernel density for particle velocity-size
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Fig.7 Velocity distribution at the front measurement point
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Fig.8 Velocity distribution of each condition at the side measurement point
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Fig.10 Size distribution of each condition at the front and side measurement point
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A Study on Infectional Prevention Measures Using Table Top Thermal Plume Airflow
(Partl) Behavior Prediction of Droplets Generated by Conversation in Room

with Displacement Ventilation

O#tpz  FfEr  (KRBCKR) i gk CRBRORZ:)
IR FRE ( RFRRH) o L CRBORY)
B R ( RFRRH)
Wakako NAMBA*1 Toshio YAMANAKA*1  Tomohiro KOBAYASHI*1 Narae CHOI *1
Shaoyu SHENG*1

*1 Osaka University

Since the coronavirus pandemic, masks and partitions have been used to deal droplet infection, but those methods have
many problems. Therefore, we aimed to block the spread of droplets and droplet nuclei by an thermal plume. In this
study, CFD analysis was used and exhaled air and droplets were assumed. The results showed that droplet and exhalation
diffusion could be intercepted at 2 m/s exhalation, as in conversation. In addition, it is expected that the droplets will be

carried on the upward airflow, which will improve ventilation efficiency.

[FL®HIC Desk :
B 020 A L ARRYER AR, SRS S5 1000 x 2000 x 50 |Exhaust; 100 > 100 x 150

SNTN5, RAEHSAHRESORTHERICET 7R Heat panel : mui
o ZEIRORHR B DORREZEMIZ T DT 50 x 2000 % 25 /Slmulated human Body
TR 7SRRI T, ~ A 7R/ 8—F— 3 2 L CHEl //X\ /
BT 5 A% R BB A, BURANE ST 0 IE < 8
IR X VWV, BIEAS DS EEZDND, T
E7o, WEFEOR TSN BRI, RS
Fik D 2 & TSR B AR B 2 & 72 < 25 i~
BEITE %, LiL, 2500 E DA LRRITRR
T L0 RGO DANDEA LD L TSNS,
Z DT, ST BRI DR LITRE - TRIKRL
ARHTET 2 IR ~ElE T 5 = & ABF < Hiik e LT,
MR BRI RAE S5 - & 2HRET 5, A%
T, BRI EHAAEDE, HECEBREAE & T
B RS ERESE, $, SFEFCADONLRE
T BIRK - HREED 5 B, TR CTIBHHC A
BARUVIRIRIC 72 B S E L 2T ARk E LCTilioTz, B
AR O3B I E T RIS ST CFD fif S
Fr et LR Wi+ 5. -

-
-
-

Infected person
(Droplet generation)

3000

DVdiffuser :
¢ =180, h =600

only infected person

= mouth : 13 X 13
velocity inlet : 2 m/s
* particle generation point

Diameter : 13 mm
Spread angle : 5°

1. FRHHE . Fig.1 Analysis domain [mm]
1.1 fRHATeEE Table 1 Boundary condition
Fig. 1 |[Zfi##725f5, Table 1 (ZfEHT 5, Table 2 (253 Software Cradle STREAM V2022
ﬁ%{¢ g‘_‘)ﬂ?j—o ﬁ@*ﬁ%ﬁﬁﬁ x4 }\75)5:;47 % U%éﬁ% Turbulence model Standard k- ¢ model
. N Algorith; SIMPLE
MZ TR L, BERMAHEThT, BERAIHIE S L D.t,f“i g
Teo BHREAPEOREERITTRID A 2 4HE L 40 W/ A convection component QUICK
& LT, & BITHE 50 mm DO/ SR L ZHLO ISR E L, Number of cells 1,388,618
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Table 2 Boundary condition Table 3 Analysis cases
Radiation No radiation Steady Transient
Wall Non slip Heat load 0 Case S_O0W Case T OW
s - ; o 50 50W T_50W
DV diffuser Flow rate | 300 [mh] X 20 600 [m’h] of heat panel Case S_. Case T_.
Inlet Temperature 20[C] W] 100 Case S_100W Case T_100W
" Mouth Velocity 2 [m/s] 200 Case S_200W Case T 200W
ol Temperature 32[C]
Diamet 0.01,0.1, I [um Droplet .
Dlamier 1375 [kg/m] E; ]3) Droplet nuclei
ensity 5 g/m 1g. water T
Coefficient of restitution 0 ova a\ti\o\n; ——— 04D
: : : [evaporation)
Particle Resistance coefficient 0.44 p
Velocity 2 [m/s]
Generation time 10 [s] NaCi Myater = 1000[g] (1L)| Nacl
a = -
N Actual number 100,000 Mo = 121g]. - Glycerol
mount - MGlycerul =76 [9]
Parcel number 300 Glycerol
Outlet Exhaust Natural outflow Fig. 3 Calculation of droplet density
Heat load Simulated human body | 40 [W/person] X 4 =160 [W]
eat loa
Heat pancl 0, 50, 100, 200 [W] 2. BITHREEBR
2.1 BER5H
Steady Transient calculation : 20 s

caleulation \ | steady | /parfigie generation

10s
Fig. 2 Analysis procedure
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e L72 4053 % 2 m/s ¥ TITWV, AR Z AR L7k 1%
A ST, FRHT I3 SRV DS BE LRI AT L S BT,
fENTSA: % Table 3 (273,

1.2 KF@BFTHE

fENTFIEA Fig. 2 \T~d, EHT CRUES 2 R 7
%, 20 OMIFEEHIRNT 21T - 1, FEEH RN C bR
BHIRNT WD, RLAITATE 10 POALFEA ST, %
10 Fhi32sEh &8> 7=, Fig. 3 [ZHE L2 TRIRO 2K F8 R
oY, RIAE D OFHEERIA Y OK 1L IZxr L, HifkT) b
U A12g &7 B —176 ) ITEENDKLNE
RATFRFE L, RiFE 04D OFRFKEZIC 2 D & LT, R8s
IR EE A E L, () LV EH L,

B IRE H DRI S LS IR AT S EE L
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RPIFREUT 0.44 & Uiz, AR 5B 2 REHT 5
7o RAATIZELIIER OB IBE L TR,

_ Mnuuclei — MpacitMgiycerol — )

Pnuclei I 043V

Pnuclei - K EE [kg/m ]

Myqc @ FIKILY 72 0 ONacl DB [ke]

MGlycerol CRIRILS - o7 Ve —LOEE kg
V: 0.001 [ni]

TE T FRATAE RO « EOEOSHE AR, HE LR
FED K534 % Fig. 4 17, FBERIC LV EAAR
DFAE L, TREERE DAL S BB OTREE - RSy
fiklgoTWD, NERIREDSA LY, Case S OW T
IEHEREIRIZ £ 0 HER0 O TSR DAL TV D DI
%L, Case S 50W, 100W, 200W DIFEEZAT - - 5ft: T
VIFEENAEAT o T TACE S O PERIER N (R F - T
Do ML EFAAROBEARKIRC LY . ER&RE
= Fi~SETh T E b D,

WIT, FEEATo 12 3 & i 5, RS L
JEGEAT LD . 7SRV ORBEN L e HIEE ERAR
WIS FEL, [RMOBER S bRV EBNbN5, B
JE43AT A L0, Case S 50 W TR JE 1 DM 13 5 <
72olz, Ko T, Case S 100W, 200W ZE5 20 E 8 0
GrA IR E 4% b EARI AR 2 2 LN TE,
M E R HER TE D B2 bvd, e, Case
S 50W D & 912 ERSIRATFHOEAIL, FFRITFHES] S
NHHDOD, ARNE SITREILR L TLE D LEZ2H
N5, REOLKEMTIES0W & 100 W DRI AR 725
BEOBESMENAET 5 & TRl 5,

2.2 KIFNTH

FEE TN ChRI T DFENE 542 LT, Fig. 512hi13K
DRI Z R, FHAIE XN RTE SR TH 5,
Fig. 6 |25 10, 15, 20 B OB -9 41 23,
2.2.1 0.01 ym QHFIZDT

EEIFCBWTIEII A b e n > 72, Fig. 5(b) £V |
BN L < 72 DI O CEARENICIRET DR 14K
MBEB Lz, Fig. 6 DR +0AA L ki 723k 0 £ <
KUEICH Y E LTI SN DT TH D LB X B,
HRVERED A EAVRIB XD,

2.2.2 0.1 ym DHFIZDWNT

Fig. 6 L 0, Case T OW Tl ~ IZIkBET 2 & D

DOZEZHFNC R R 3 5 23, Case T_50W, T_100W,
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Fig 4 Temperature, velocity, normalized exhaled air concentration distribution
Pariclo countbox__ M T 200W T3 LRGN CAMICIERE L TV %, Fig.
1’ I | Tow 5(¢) & 0 Wi HILE E Tl BT S E A5 L
I "M Case T_OW TIII 14 D THHDITKF L, EEFTH &
i3 —— e Thd, RWET DI L TEITORRESL
@ TN ez TR S EBR b, Fig 6 L0, 5l
1 1 T_200W ARRATEICUERE L7k 23, ERAIRICR Y & iR
oot — 1 1 PR SN DERF DS T Do R NI ~DHLHEL % ]
A m Jpm m S N N i N N
000 > Vs s T2 &V 2 TG RS 5 5 L £ NS,
- 1 / / 2.2.3 1 um DHEFIZDNT
§ M,f i P 1 um ORI, Fig. 6 O 10 POFER LD | /3015
P awas \\ a | A { DR BIT EFHE T IILET D Z L0 bh 5,
0 : %
(a) Total particles amount in box
3000 0.01 um ‘ 0.1pm | 1 um Fedh o \
. | - AMFZETIE, B R RURSFEFAERIR DO ZE T M T
S ROV T, CED ARUFCHE Lic, R, 27EE
s [ 4o RN HE PRI TR T, TRVRILI A I L3 i
g VAT N { N TN b B AR S, AR, WA AEE LI AR
0 - - . F3 > - = =
(b) Floating particles amount in box SOZEHTAL DIV TRAT 2 TETH D,
0.01 pm 0.1 um | [1um ] — B — ) ‘
3000 EE Y i ABFIENL, KB A (BR) DBk &= T 72 b D Th D, Z2IT
3 y * LTI R,
§ N Totalparticl Aj“ f _%%xrﬁk— =
o] lemissjon A 1) 15 5 ¢ 2230 R OE T & AWk 258 B B BFSE,
5 i e ZESARN « MR T30 No.305(August 2022)
o 0 7 | I/ A D RHE *ﬁ?%%@{%%ﬁ%%ﬁi KB RIRVAETE SR ORE, H
0 5 10 15 200 5 10 15 200 5 10 15 20  AHEEASERNTRG U 83 K 743 5, pp.57-64, 2018.1
Time [s] Time [s] Time [s] 3)Z.T.Ai, A. K. Melikov Airborn spread of expiratory droplet
(c) Deposited particles amount on table nuclei between the occupants of indoor environments:A review,

Fig. 5 Time series variation of particle counts Indoor Air 2018;28 500-524
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Basic Research on Partition Wall to Prevent Aerosol Diffusion (Part2)

O#Il e (BFAE) HiT
Ryogo FURUKAWA*1

B (AT
Masaaki HORIE*1

*1  Setsunan University

Partition boards (sneeze guard) are installed at various locations to prevent direct inhalation of aerosols. Exhaled air, such
as a cough or sneeze, flows toward the partition and then impinges on the wall surface. Aerosols disperse into the air and

remain suspended in the air for a long time. The purpose of this study is to prevent or reduce the diffusion of aerosols in

exhaled air impinging on partitions. In this report, numerical simulations and flow visualization experiments were

conducted to study the effect of a new partition with a function to reduce aerosol diffusion at the tip.

1. [FC®IZ

2019 HEZH)D CTEINICEYGL D SRR S A7z COVID-19 (2
X o TEGERIZ L 0 AL BRI RE < Bk L
7o BT BEADTZ DGR & L Tv A7 D&,
T a—AHEOME R ENFETF NS, L,
COVID-19 DEEGFERIINELE IND TEICL Y R HD
ATEIIIR 2 IZTEIT R D E ST D28, Y Ik
BRI 225 b D, FD728, Rz BINEED
AR CEMT 2 Z 72, R CRY IEOHERC
f EE WS TERRNERIC/R D LB HND, Bl Z T
FXRCENOEK ORI, TR ZBIET 272D/ 3 —
?4 Ta VORRER ERFETON D, MECEN DR
&, HRORE S0, HKUSEOMRE, BOFEDRE
7RI E Y OB BEIMT AR WEE R H U ZEXN K
EOFATCIIVA VARG ENDTT v VLR ERE
VT AEREEN S A T-DEFERVLETH D, F-. KE
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THYI2b—a T Y, RRCESESEEL T
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YY) 27 PRE LD 295 & SNTWVDHRZERD L
ETGFTRAE URERE R 8 THERDO LT b9 2 &
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FNDHZT u Y NV ERSIET 5720, =7 a Y Uik
fRIRG  ¥od Ttﬂ%74/a/%%§bt(%@
2021-088900), AMFFLCIX, D=7 1Y )WLE, 1L
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Aerosol diffusion
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Fig.1 Prototype partition
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HhEY I 2 b—a U OHEHT 2, < LA
B Fig 2 (g, XOBENIRER tls]. #HofhiieE
QLe/s] THY |, V TR ORIKETH D, FEEEOMRE
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Fig.2 Exhaled air flow rate
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Fig.4 Outline of experimental apparatus
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(b) Sneezing

(é) Coughing
(i)Flat partition

(a) Coughing (b) Sneezing
(ii)Partition with aerosol diffusion prevention function
S T 0.1

Concentration ratio of exhaled air flow
Fig.5 Flow pattern of exhaled air
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(a) Analysis result (b) Flow visualization result
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(b) Flow visualization result

(ii) Partition with aerosol diffusion prevention function
Fig.6 Comparison of flow pattern of exhaled air
and flow visualization experiment
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Performance Evaluation of Skeleton ceiling Heating and Cooling System

Using Metal Reinforced Polyethylene Pipe

O A & K (LHBEREFHHT)

Kota NAKAMURA*1

AN BB (RS T

Yoichi KOBAYASHI*1

*1  YASUI Architects & Engineers, Inc.

This study proposes skeleton ceiling heating and cooling system using metal reinforced polyethylene pipes.

Cold and hot water is run through a simple system, and heat transfer from the pipes is utilized.

The purpose of this study is to verify whether a simple system can be used to achieve this effect. The system is measured

in both summer and winter environments. As a result, some effects were observed in both the summer and winter seasons.

Further improvement of the system's performance will be the subject of future work.
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Development of Ventilation System to Reduce the Risk of I nfection
during Pandemic in General Ward

Hidenari HIASA*1 ShinyaUEDA*1 Takashi HAGIHIRA*1 Kentaro AMANO*1
NaoyaTSUCHIYA*1 Hideski TANI*1 Kaori NOMURA*1
*1 Takenaka Corporation

During the COVID-19 infection spread, it is necessary to accept infected patients not only in infectious disease wards
but also in general wards. As ameasure to reduce the risk of infection in general wards during a pandemic, we developed a
"switching ventilation system" to create negative pressure in the hospital rooms by a simple operation of adjusting a
volume damper installed in the air supply duct. And we installed it in a new hospital. In this report, we confirmed the

negative pressure and sufficient ventilation performance of the hospital rooms by CFD analysis and measurement survey.
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Evaluation of the energy-saving performance of the Cool & Heat Pit

FE OB & (FrhTHIE)

=B AR B8 (TP TEIR)

Yun CHEN*1  Toshihiro KITAMURA*1

*1 Takenaka Corporation

The LEED GOLD-certified foreign-owned office building has implemented a variety of environmental technologies.

This paper provides an overview of one of these energy-saving technologies, the Cold & Heat Pit, and energy conservation

evaluation details. We analyzed the data of temperature and humidity measured by BMS for one year, Able to verify the

energy-saving effect of the Cold & Heat Pit.
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Effectiveness of a Bedroom Environment Control System on sleep quality

in an Employee Dormitory

O/t (Fr o T 1) BeAr A (o T ) Bt (Fr B T )
WoOAMAN (XA FTH) LA T (XA FTH) N RS Ok PR )
Yuko OGAWA*1  Sho KOSHIMURA*1  Naoya KIMIZUKA*1
Shouta HORI*2  Chiaki YASUMOTO*2  Takafumi KATO*3

*1 Takenaka Corporation *2 Daikin Industries Ltd. *3 Osaka University

In this study, we verified the effectiveness of the "sleep environment control system" for creating a good sleeping space.

In the experiment, we compared sleep in a specialized sleep room and in our own room. Actigraph, OSA-MA, and other

questionnaires were used as sleep indices. As a result, the OSA-MA score was significantly improved in the

sleep-specialized room compared to the home room. Other sleep evaluation indices also tended to improve.
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Table.1.3.1 Equipment in the wellness room

NIR~ELPR F COYIRROZA A BB L. 3RERE
J—AhxTy a3
7> D1 COFHPH CEPIREE 2%
KGRl Lo A bV ROl (Ra99)
JERFHHRA DA LED 7 AHE §ED IR A MEIRIADU IS
U FRE(0.31x~20001x), (i (2700K~5000K) 2251 L,
BENT TR EPR TRERHCBR L. SEEE=EICER Y A
R TR 573, SR CO2 IR X V) g /- 1 390
P—Fa L—FEEFH) | AEE TORRRHNGHEEL, SRELE LSS
IR EROER) WR FIFHIRH R L, AFOME L LZELEE5
. X VeV ZICHEHT DA NGEE CHEREE L, EEORE L
HEE R
Y A
Table.2.1.1 Experiment case
Casel H 28 COER
Case2 WR CORHR CREEAD)
Case3 WR CORER O<Z5E L)

TEROWGEEZ T 72, BEE % Fig12.2 12, ff%
Fig.12.3 ("9, fERe LT, B 26% Dl X G
_ﬁﬂj®&—XTW%ﬁﬁ®mwﬁ%k&oto%
BRSNS WK E MR D Z N TE -, =
D —AKT LR DBGERE LT, REHAEEAZ T
L. SEEONEZ X TN AF AT 5H LT, B~
EFEAE /NS L, RUHEEINZ 5 2 ENTE, Z0
ST HE & WR ~RE L 7=, N2 T, STk Mic S & |
Fig.1.2.4 ONERBRESHIGET LY ZLZHEE L, WR IZ
WA LT, PORFAEDNRE LTZBE « lEA 7Y 2 —
& IEREE L IC KD AR - AR - REEORENC X
0. Table.1.3.1 DOF% & illfE L7z,
2. ERAME

2022 A7 H~9 AHAZ, BN 10 A(CBHE6 A, 2tk
4 N, VIR 247512 i) A5 & UE LT,
2.1 E|jr—R

FER/r— 2% Table2.1.1 |Z7R7$, Casel TIXHZETO
MR, Case2 ITREA Y O WR TOMEIR, Case3 1IK
EREAE L L LA WR TOREIRE L7-, 203 r—
ADFRNZONT WR TOJEISE % ETed B CTHEhEL
7o . BEOFABRELCOWTCIL, @ OEFEY 12
H & Ol A CTHRIISCZEFH A BEL TH b o7z,
2.2 HIEEHE

(1) RESHIE

RLoTic ik LBt v (A a4 2JCIE-BL)
WZX D EE, B B A E L,

(2) FEARETE
@ﬁ%%ktf?ﬁ%ﬁ?7mMﬁﬁgv4&m%~
ERA=V A i) e @E@$\Aﬁ@%\$@
ﬁ@%ﬂﬁbkoik\ @H@ﬁ%ﬁk@%%’
r— NS LT, BRERTT v — M EHAWT, /Am@
& PERA TN U7, F 72 M H OATEPESTT, A B LA
BHR L), BEH  BRRIUCOWTHER LT, #E%

2SR - AR TR R
I TE R S SUE (2023.3.7)

BES 1E#A
! IR
! i t
! PO : 32% ; : -
: B0 036mm | 1 EECES
i ! i & |
>< Tmee—e
! ' -e R
IO 1 26% | ! ELIR ® A0 1msELE)
FHfE: 16mm i u B (0AMISHT)
! [ Z T
-e ® yn—Tm
Ty
BRI 19% K ® FotinsS
BACNE : 1.1 mm (EBDH)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
Fig. 1 2.2 Outline of mockup experiments
=20 =22 =23 T—2@ =2 =26 =20 r—-2®
wam:A  |wamp  |memic  |mem:a | mwsoe Cpu |z BL | 8
s R | A5 RO | 51 RONES | 151 ONNERY | 0 spRsy - | A

= #: 200C 2sc | @:zrc 207°C c | m:2ec
0~305%) | :203c | mra6c | Riasc | Rr2osT R1216C
0.9°C 0.2C 0.2°C 0.8C
it 223c | momianee | ot anzc 41 1 22.2°C
w5 27C | BR:22C | BRia3C 5:229C
0.4C 0.4C 0.1°C 0.7°C
O O X O
it ppm |#69 : 852ppm | 8264 : 894ppm | #6h : 1165ppm | #2641 931ppm | 63 : 913ppm | ey : 95dppm [ ey : 832ppm
(lo~30%) | = m (s 8520pm | 8594 : 894ppm | B < 1165ppm | 894 : 531ppr :913pp 3 £ 954pp 3 8329

BeOL: 80Tppm | B4 : 831ppm [ B4 1 902ppm | B4 : 872ppm | BES : 855ppm | EE4L 1 918pom [ AE4k : 803pom

B REE 45ppm 63ppm

263ppm 59ppm 59ppm 35ppm 29ppm
x A x o) o | a x o)

028 m/s 015m/s 026 m/s 010 m/s 012m/s 017 m/s 024 m/s 013m/s

P v 044 m/s 046 m/s 035 m/s 031 m/s 037 m/s 063 m/s 033m/s

Fig.1.2.3 Results of mockup experiments

Z=# et
E¥ME-R

IXURSAUNGEY

BENERTHZ L, AND
ATT1-VEANTBIETE-RiBiT

[ o mWumsE— (BeaET0) s 100 (R30%. 0%, I0E0%) _2700K | 175>k
PR CRIORSBEET T TE BT l

[ L WEEE-K (41T, B8, ) i 2 |
£ KIENS309E8, OR N
BRE Y- LB ARRITE- BT -

BN TR
o031k (5 - 0% ES%) 270K |

[ 2 mamE—F 0T B
E- KN S3058, OR

WEC>Y-(CLD
HERRHTE- BT

ERC Y- [CEBARRATE- kT
3 UBEE-K (TT-T-1T-TO)

0y 4 T

E—- RIS 1503 BB TE- FBIT

4, EERFE-R (TT)

EREAN S300RICEETE- RiBIT

7. PEHEE-R (TC)

5. BRAE=F (THIC, G |- ] 03 % E0%. MHESH) 270K ‘
R0
HETE- BT BABWICHE OR SR TRAICEBC
BT Lk SHRRITE - KT
[ 6 BRBE-K (T 27T, £8) | o] 100 7 754k
1-H-CEBHHF, O
A AT <
I HRETE-K [ 2000x (100s |

S (EEE) 700 i HERTICRD. DR

‘ 5 S ;,RMM\? : 0
Fig.1.24  Algorithm of sleep control
——RUBRE - BAEE  ——BRAJO0-JRE RABRE

Bk m/s]

=Ere]

Fig3.1.1

Results of indoor environment measurement



B-3

T U — N HWT, BRERE - RFOBEEREIIZ DU
TOFBFHEZTT >7-, OSA-MA2% I\ CHEIRD 81
P AT o7, Fiz, FHARAERITIE, 2 ORMEN
A% WR L H=E L& T L7z,
3. EANER (Casel, 2 D)
3.1 RERIE
FEWNIREIL, ARRIZOREOEIZADE T, AR
DHEA I 7 T1OC EFH L, ZO®RIK N iR #E &
L7, Fig3.1.1 {7 L 9I0, BNEREIEDORER, =
DOIRERHEN TE TN AR LT, £, REL
BEE OFEFIZOWT Figld.12 (7, BEIZOW T,
WEANCAL S JUTESE, HH—ERHZHE 5 & RRE
DN &L HRBARIEENE LS Bl L7= = & 2l L
720 BEFICOW TR, HITHI37dB R T8 & LT,
3.2 HEARFHE (7> r— 1)
(1) FAEERTFE
BERTT Vo — 2T, éH@E@@%K##%&~
ATRELZEDIRNT & A FRNHER LTz, IR - PR
TS ORI A Fig32.1 (ORT, BBV T,
HEDOHN TEHLETHRW KU ARNE-oTz,
WR CARPHHIDEIE N o=l & LT 5 RO—E
DEW] 72 ERHoTz, Ziud, ARBNCERE EAH-&
B CREO MR A X2 2 & - 7= A RIOfEC
X5 bDEEZ LN, EIPEEBIZOVT WR D0
M) MOEENRE L bz, BHETRRE LB
B TRIEEC D) LW EER ST,
(2) FEERIARTE
MEIRERBEIC DUV C ORI ORE %4 Table.3.2.2 12
IRT, ERFEDIEEREE DA WR O BAEEIZH DO E
IFERTIES Tz, TAUINHFKHAM L BB 7 71 > Rl X
LREEZEZ NS, Fio, BETOKUETIL WR O
IR I S UWMEAI(P<0.) Th o7z, TIUIKRE
2 ko Tb— AT 2 b DR Z BT X -2
EEZ HID, OSA-MA Cl(Fig.3.2.3), [ARFHRS .
DRgssmElE . TREIRERT) o 3 SDORFATIBNT WR D
FREBIZE Tz, £2, BETORBEERIZOWNT
MR 2L, HETITI AN THRE LIRT ICXk2R
7= 57Dk L. WR TiE THZE A2 N))
R TG N ks TEELEARNEEE S0z
(Fig324), ZHUTV—HT 4 7 v U R LITHAS N 2853
HE-CREEHHIE O T 5 L HEELTE B,
Q) HEFHE
FEREAEHICAE & WR 2SI L7 v o —
R ClE 8 EOWERE S TWR OFFRRV EEERD
STz, FTOERE LT, FRHENZ2 THEA] [y K]
[ZERIDIRE | DPRRCE T bz, —h T, [EGE
) A WR OE-T-HHE E L TEL EN o7, HERER

TR - B T g
I TE R S SUE (2023.3.7)

[ZOWTCIE, BE S ITERZR Y EFHEOMN - WR TiXE
B DFZIER L2 b DD, iz o> TENTT a0
BRI o T2 e W) [BIER S -T2, L EOFHEFHE
£V, WR OIERZIF A MR CTE 7,
3. 3IEREHE (7 V FJ 5 7)

TAWRRE LT 2 NEBRINL, 8 NEf#TRIG L L

60
50
40
30
20

10

23:42
23:56
0:11
0:25
0:40
0:54
1:09
1:23
1:38
1:52
2:07
2:21
2:36
2:50
3:05
3:19
3:34
3:48
4:03
4:17
4:32
4:46
5:01
5:15
5:30
5:44
5:59
6:13
6:28

Fig.3.1.2 Trend of illumination and noise

| Rkt IAVARE NS BELELTHHEW/FRIL mPPEN/LCPRE

ESAYFSTE mFFBICEV/FRICRE

10
9
8

7 1
Zs
< 3
2
1

0 1

BE WR EES WR

BAR TRE R

Fig.3.2.1 Questionnaire before sleep

Table.3.2.2 Questionnaire after waking up about environment

BE WR
Ty sSD 1 SD

Wilcoxon

;ED BAR 3.10 0.57 3.00 047 0.564
R % 3.30 164 3.90 1.10 0.245
SR 0.80 0.79 0.20 042 0.084
KRR 1.20 1.14 1.90 0.88 0.141
BRE 210 1.37 2.20 1.48 0.722

EREF RS 2.90 0.57 2.90 0.32 1.000
R % 350 1.35 420 1.14 0.288
HERE 1.60 0.97 2.80 092 *0.031

OSA-MA wilcoxon test:*p<0.05
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Abstract: In this study, to optimize blowout temperatures of air conditioners for a comfortable thermal environment, this
study used the modified source-receptor (SR) method, which assume a linear relationship between the blowout
temperature and the indoor temperature field. For reducing errors in the methods caused by nonlinearity due to buoyancy,
a correction approach based on linear interpolation was developed. To evaluate the effect of the correction, a set of
numerical experiments was conducted using three kinds of SR methods, and second CFD simulations were performed by
giving the optimized blowout temperatures. Compared the SR methods with the second CFD simulations, the results did

not show the superiority of the SR method with correction at the prediction accuracy compared to the SR methods without

the correction. To obtain more obvious results, conditions for computation should be modified.
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Energy Simulation of Room Air Conditioner by using Machine Learning

— (Part 1) Examination about Heating —
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In this study, we predicted compressor frequency, heat capacity, overall power consumption, and COP of room air

conditioner by using Random Forest of machine learning using actual measurement data during heating. Here, the

prediction results for one day were shown, and it can be said that they were roughly reproduced.
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Table 1 Room air conditioner specifications

(For 10 tatami mats, made in 2012)

AR ERSRES] 28kW (0.9 ~ 32kW)
R ERIHEES) 0.710kW (0.200 ~ 0.900 kW)
#iA COP 3.94

W EhEEET) 3.6kW (0.9 ~ 4.8kW)
I ER ) 0.845kW (0.170 ~ 1.400 kW)
&5 COP 426

APF

Fig.1 experiment of room air conditioner
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Table 2 Measurement items and sensors
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Fig.3 Refrigerant pipe measurement point
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and compressor frequency measurement
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Table 3 Objective Variable of Machine Learning
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Fig.6 Machine Learning Flow of room air conditioner
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Fig.7 Comparison of actual compressor frequency and learning results
by Random Forest (for 38days)
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Fig.8 Comparison of actual compressor frequency and predicted
results by Random Forest (2022/1/20)
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Fig.10 Comparison of actual overall power consumption
and predicted results by Random Forest (2022/1/20)
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Fig.11 Comparison of actual COP and predicted results
by Random Forest (2022/1/20)

Table 5 RMSE(Root Mean Squared Error)

JERAR [Hz] g (W] WEES W] COP[—]

212 442 132.7 0.294

Table 6 Relative RMSE by the average value

JEBE [%) BB (%] WS [%)] COP [%]

234 243 26.6 79

ZEEQARN « AR T S5
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Energy Simulation of Room Air Conditioner by using Machine Learning

— (Part2) Examination about Cooling —

O¥m ¥ (KKE®EEKRT)
WwH A CRBE®RE KT
Tomohiro HIRATA*1

Sachiko KITAMURA*1

ek e ORBRFERGETS RF)

Haruo SOEDA*1

*1  (Osaka Electro-Communication University

In this study, we used Random_Forest, which is one of machine learning using actual measurement data during Cooling to

predict Compressor frequency, Heat capacity, Overall power consumption and COP. In this report, we present the prediction

results for one day, and it can be said that the results were roughly reproducible.

1. [ZLC&IZ

=LY 2 IR B RIS, =L THE R
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Table.l Objective Variable of Machine Learning
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Fig.2 Comparison of actual measurement and prediction results by
Random_Forest (set temperature of 26°C, air volume of 5[2021/8/26])

Table.4 Steady operation— RMSE(Root Mean Squared Error)

g | AE | Ensk(Hz] | 2EW] | EH[W] | COP[ -]
TET A 3.69 286 314 1.05
TR B 17.8 650 51.1 247
C 539 510 30.1 2.55
EFEERO TR TIL, BOE, B ADEFT—ZD

HOFEDGEZEDDIRER L 72 0 | TR B DMkt

T =B DIHOFETITRRAEZD L FER L 72 o7z, FF C
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Fig.3 Comparison of actual measurement and prediction results by
Random_Forest (set temperature of 26°C, air volume of 5[2021/7/21])

Table5 Intermittent operation — RMSE(Root Mean Squared Error

A | & | EEgR(Hz] | #uE[W] | EAHIW] | COPL -]
Wt A 124 617 55.0 3.79
TS B 10.5 440 343 3.17

C 10.2 468 36.8 342
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Table.6 RMSE(Root Mean Squared Error)—Prediction result of
Steady operation and Intermittent operation for 10 days using Training
data Condition - 1

N 2 i %)) Ccor
Fro| 1 | [Hel (W] (W] [-]
E | A | 130~636 | 140~336 100~639 | 0.868~3.02
i (4.65) @272) (32.5) (1.57)
| B | 11.0~285 | 392~650 379~61.5 | 2.05~3.57
L (15.86) @76) 49.2) (2.63)
C | 532~7.14 | 258~510 17.8~36.1 | 127~327
(6.24) (365) (30.6) (2.04)
Wro| A | 123~288 | 617~1006 | 54.9~112 3.79~7.03
foe (19.5) (814) (81.1) (5.46)
| B | 5.87~125 | 162~542 152~350 | 1.79~4.96
5 (10.2) (357) (28.1) (3.18)
C | 603~144 | 176~550 192~532 | 2.17~447
(11.3) (370) (32.1) (327)
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Figure 5 Stationary data only - Predicted Trend (frequency)
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Table.8 RMSE(Root Mean Squared Error) —Prediction result of
Steady operation and Intermittent operation for 10 days
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Table9  Mean absolute error compared to number C

2R | | Adak%] | #ul%] | &%) COP[%]
ER | C 8.94 192 115 20.3

D 9.52 17.6 14.0 20.6

E 8.06 17.0 15.7 222

F 11.8 19.7 133 22.8
Wikt | C 41.0 59.3 274 60.1

D 40.9 56.8 275 58.1

E 40.7 552 282 56.6

F 2.1 56.4 272 58.0

B | G| EEs(Hz] | BE[W] | EAH[W] | COPL -]
EH | D 6.68 318 35.5 195
s | E 733 342 40.7 2.16

F 6.99 352 321 2.10
Wi | D 115 350 329 3.14
x| E 123 382 38.8 3.50

F 109 340 28.0 2.94
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Cooling Load Prediction Method using Machine Learning for Existing Buildings

IES= 8 ORI &k (FF R/ KK EER TR PREERT)
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Makoto OHARA*1*2 Hideo ISOZAKI*1
*1 Kobe University *2 International Professional University of Technology in Osaka

This study aims to predict air conditioning loads for existing buildings using operational data, e.g. weather forecasts and

visitor forecasts. The proposed prediction method is based on a neural network approach, which is a type of machine

learning. However, not all loads are subject to learning in the proposed method. The loads are divided into load elements

that can be mathematically predicted and other load elements that are subject to learning. The proposed method has been

applied to an example instance using operational data from an underground mall in Kobe, and its validity has been

confirmed.
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Research on High-Performance Retrofit of Classrooms in Public Elementary and Junior High

Schools in Saitama City

Numerical Evaluation of Retrofit Effects for Reducing Air Conditioning Load and Extending
the Life of School Buildings

Oy B (A 2~ 1MW)
Hideumi WAKI*1
*1 Haishima Industry Co. Ltd.

S ek (AR T AR)
Hideki SHIBAIKE*2 Kazuhiro HAISHIMA*1
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Hanako EISEI*3

*2  Building and Urban Science Lab.

Taking into account the renovation principles for extending the service life of school buildings published by MEXT and

MLIT of GOJ, numerical simulations are carried out for choosing effective high performing retrofitting strategies to reduce

cooling and heating energy consumptions as well as to provide the comfort indoor hygrothermal conditions with the

necessary ventilation rate against COVID-19 prevention. The classroom with 35 children located in the top floor and west

end (CaseTW) shows 65% reduction of annual air-conditioning energy consumption based on the current reference model.
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Investigation of methods for analyzing timeseries human flow data for urban thermal

environment planning and infrastructure planning

ORI R (HF KH)
Taichi HAYAKAWA"!

bk esst (fE R

Hideki TAKEBAYASHI™!

“'Kobe University

In this study, a cluster analysis using SPSS was conducted on the passenger count data of nine locations in the Sannomiya

area, which were measured and disclosed by Kobe City, to explore the analysis method of passenger count data for thermal

environment planning and infrastructure planning. The clusters were classified on the basis of the number of passengers

throughout the day and the difference in number of passengers around 8:00 a.m. on different days of the week, and the

classification results reflected the characteristics of each location, similarities among locations, and the characteristics of

people flow in the Sannomiya area.
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Table.1 Number of measurement days and average
number of daily passengers at each location

. . Number of Average number of
measuring point No.
measurement days | passengers per day

Koikawa-suji 1 318 41,225
Flower rode 2 325 28,649
Center Gai Shopping St 1 3 333 23,943
East end
Sunset-dori 4 335 20,661
Center Gai Shopping St 2 5 329 19,242
West end
Deck in front of Hankyu 6 331 14,291
Ikuta rode in front of the
first torii gate of Ikuta Shrine ! 341 11,662
2F above JR Sun City
Pedestrian Bridge 8 340 7263
Nakamachi-dori 9 278 6,901
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Fig.2 Contribution by each principal component at
Koikawa-suii
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Fig.3 First principal component score at
Koikawa-suji

Fig.4 Second principal component score at
Koikawa-suji
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Fig.5 Cluster classification results at
Koikawa-suji
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Fig.14 Cluster classification results at 9 sites

Table2 Cluster classification results at 9 sites

Location Cluster Number
Koikawa-suji 1
Flower rode 1

Center Gai Shopping St 1

2
East end

Sunset-dori 3

Center Gai Shopping St 2
West end

Deck in front of Hankyu 3

lkuta rode in front of the
first torii gate of Ikuta
2F above JR Sun City
Pedestrian Bridge

Nakamachi-dori 5
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Study on the relationship between urban block characteristics and the ventilation environment of the
city based on RANS and LES

OWfE  Fafy (FFRF) ok ek (ME R
Kazuki YAMAKOSHI *!  Hideki TAKEBAYASHI *!

*1 Kobe University

In this study, we analyzed the relationship between urban block properties and wind environment in downtown Kobe
based on RANS model, and analyzed in some districts with different urban block properties within the target area by LES
model. LES model can reproduce eddies and time fluctuations that cannot be detected by RANS model. The analysis
results by LES model follows those by RANS model, except of roads along the main wind direction. LES model
reproduced the air flow into the street canyon along the main wind direction caused by high-rise buildings, which was not

reproduced by RANS model. RANS model evaluated the risk of weak winds highly, while LES model evaluated it low.
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Assessment of Reproducibility of Estimation of Meteorological Flow Field in Harimanada
Using COAWST:Coupled-Ocean-Atmosphere-Wave-Sediment Transport Modeling System
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*! Osaka University *2Hyogo Prefectural Institute of Environmental Sciences
Harimanada is in the eastern of the Seto Inland Sea, and it has been suggested that the reduction of nutrients in water
negatively influences fishery. This study used the Coupled-Ocean-Atmosphere-Wave-Sediment Transport Modeling System
(COAWST) to simulate meteorological fields over Harimanada and evaluated the validity of simulated meteorological

variables to be exchanged to the ocean and wave models. The model system successfully simulated the meteorological fields,

such as temperature, humidity, wind speed, and rainfall, indicating that they can be used to predict and assess oceanographic

fields in the study region.
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Fig.1 Overview of COAWST and variables?




A-20
Table 1 Variable description in Fig. 19
Symbol Explanation
WRF—ROMS Tair temperature
RH relative humidity
Patm atmospheric pressure
U(V)wind East-West(North-South) wind speed
cloud cloud ratio
rain Precipitation
SW(LW)rad short wave(long wave) net heat fluxes
WRF—SWAN SW(LW)rad short wave(long wave) net heat fluxes
ROMS—WRF SST sea surface temperature
ROMS—SWAN UV)s East-West(North-South) surface currents
n free surface elevation
depth bathymetry
SWAN—WRF Hwave wave height
Lwave wave length
SWAN—ROMS Hwave wave height
Lwave wave length
Dwave wave direction
Tsurf surface periods
Thott bottom periods
Qb percent wave breaking
Wdissip wave energy dissipation
Ub bottom orbital velocity
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AMFZETIL COAWST DA— 5 2 3.7 3LV WRF D
N—T g 422 2R LI,
AL % Table 2 (2R,

Table 2 Calculation condition

Item Detail
Horizontal grid (resolution) 219%179 (3 km)
Vertical grid 50
Timestep 20s

Initial and boundary condition NCEP_CFSR (6h, 0.3°)

Physics option

1 Microphysics option Morrison 2-moment sheme
2 Cumulus option no cumulus
3 PBL option YSU sheme
4 Land-surface option Noah LSM
5 Radiation option rrtmg sheme
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Fig.2 Calculation domain and observation point
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Fig.6 Hourly time series of spatially averaged Vwind
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Fig.7 Hourly time series of spatially averaged Patm
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Fig.9 Hourly time series of spatially averaged SWrad
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Table 3 Statistical indicators of variables
number of data  Observation mean  Calculated mean R MBE MAE RMSE 1A
Tair [C] 35486 19.0 19.8 0.90 0.78 1.51 1.93 0.94
SH [g/kg] 35435 9.93 9.57 0.90 -0.36 0.89 1.17 0.94
WS [nv/s] 35483 2.52 2.87 0.63 0.34 1.19 1.61 0.78
P [hPa] 35492 1007.93 1007.31 0.97 -0.62 3.39 4.92 0.98
rain [mnvh] 35408 0.19 0.18 0.27 -0.01 0.25 1.49 0.44
SWrad [W/m’] 11134 129.40 160.30 0.89 30.90 57.69 117.61 0.93
Table 4 Benchmark of meteorological element”
Meteorological element Benchmark 4. i
Temperature IMBE| <0.5°C AMFFETIE, COAWST ?/L’Aﬂ%l/ N RREEEE 1T B
MAE <2 °C SGBORIES & OCFBWEFI T 72, TORR, DT
1A > 0.8 D &9 Tkl aFr.
- = = N =
SH MBE| <1 gkg 1) COAWST m?)xj%%aa?/u WRF §> %_{ﬁ{éléﬂeﬁv
MAE <2 gkg ROMS 5 L ONEHRE 7 /L SWAN IZ34E Sh A A,
IA > 0.6 TR, B, KRUE, BKE, ASEORFZTE
Wind speed IMBE| < 0.5 m/s F ORI & JRUE D ZZ BN DU TORSEE K < FHA
RMSE <2 m/s TE, WESOFEIMEN TE 2 eV sh
IA >0.6 7.
2) COAWST NOSKEET /L WRF (3RO
S BRI FBL LT,

A
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Fig.10 Spatial distribution of the estimated temperature in the domain
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Fig.11 Spatial distribution of the estimated wind speed in the domain
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Assessment of Ecosystem Response to Nitrogen Loading in the Harimanada
Using Food Chain Model by Monte Carlo Method
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*1 Osaka University *2 Hyogo Prefectural Institute of Environmental Sciences.

Harimanada, the eastern part of the Seto Inland Sea, has recently faced oligotrophication. As a countermeasure, operation

controls are being carried out to increase the discharge of nutrients, including nitrogen, at sewage treatment plants. This

study evaluated the response of ecosystems in Harimanada to nitrogen load from inflowing rivers by using a food chain

model. The model well reproduced the concentration levels of total nitrogen, phytoplankton, and zooplankton in Harimanada

in 2010s. Increasing nitrogen loading decreases the proportion of biomass of phytoplankton in response to increased nutrient

in seawater; however, the composition of biomass remains unchanged, indicating that phytoplankton is the rate-determining

step in the ecosystem of the Harima-nada.
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Fig.2 Calculating area in Harimanada
Table 1Initial conditions

Name Unit | Coast | Offshore

Phytoplankton gC/m® | 0.4 0.078

Zooplankton gC/m® | 0.03 0.03

Planktivorous Fish | gC/m® | 0.07 0.07

Piscivorous Fish gC/m? | 0.035 0.035

Nutrients gN/mé [ 0.18 0.17

Table 2 Model input data
Value
Name Unit
Coast Offshore

Volume m’ 1.76x10" [6.45x10™°
Average Depth m 225 29.6
Production Layer Depth m 17.3 19.4
Inflow Load of TN from Land oN/day |2.30x10” |1.59x10°
Inflow from Bisanseto to Harimanada m*/day |3.29x10® |1.70x10°
Outflow from Harimanada to Bisanseto | mday |1.84x10® |1.01x10°
Inflow from Osaka Bay to Harimanada m°/day |3.68x10°
Outflow from Harimanada to OsakaBay |m’/day |4.77x10°
Inflow from Kii Channel to Harimanada ~ |m°®/day 2.55x10°
Outflow from Harimanada to Kii Channel |m*/day 9.91x10°
Inflow from Coast to Offshore m’/day 1.08x10°

Inflow from Offshore to Coast

m*/day |1.04x10°
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Table3 |Z5~d, STEP2 (B W CHEHEE A T2 &
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Table 3 Value range of Nutrient and Biomass

Coast Offshore
Name Unit
Min | Max | Min | Max
Phytoplankton gC/m?3 001 | 045 001 | 023
Zooplankton gC/m*® | 0.006 | 0.09 | 0.006 | 0.09

Planktivorous Fish gC/m?3 001 | 025| 0001 | 0.25

Piscivorous Fish gC/m® | 0001 | 0.25| 0.001| 025
Nutrients gN/m® 01| 04 01| 04
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Fig.3 Simulation results, Observation is average from2010 to 2019°.
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Fig.4 Simulation results: Average of each biomass and TN
concentration at inflow loads fluctuation. Graph of biomass is log-log
graph. Blue: coast, orange: offshore.
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Comparison of Air Temperature Distributions Affected by Sea Breezes
in Coastal Cities in Japan and the U.S. West Coast

O | f# + B (KR
Kenshiro YAMADA *!

rodk 3 g (PR

Hideki TAKEBAYASHI*!

In this study, air temperature distribution in Los Angeles, a city of similar size and urban distribution to Tokyo, where sea

surface temperatures are lower than in Japan, was analyzed using a mesoscale Weather Research Forecast (WRF) model to

examine the effects of incoming sea breeze wind speed and temperature on air temperature rise in the urban area in

comparison with Tokyo. The hypothesis was that air temperature rise in Los Angeles would be larger than that in Tokyo, but

in fact it was similar to that in Tokyo, indicating that sea surface temperature has little effect on air temperature rise.

1. LI

BEERITE VI2B\W T, ROREEE = - in oo
RIRAE, HEHS AW T T, RSO
PR 1/2 FIZHFIL T ERA-L, HAEESIIETIC L -
THERZN, WEE) D OB KEWVEA, AT S
JEGHEA NS WEAICKE D L BERESZ. ARFZET
1%, AT DR EE & IRESKIE BRI S-% D R
AELETHZEAAME L, WEOEIIMELS, B
KREL D EEBEZOND, HARL TR AR
Y B AR AR E LT, R OIS IR
FROBRE T & i L TEERT S,

2. AYREETILIRF OBELHEEN
2.1 AVYKRKETILWRF OE
A A=V DERETIVWRE (Weather Research &

Forecasting) 1%, KEXRZ#sEEL Z— (NCAR) 72 XD
TFFEHERIC X 0 BRS ST SE R HEREDOFER ) BT LT,
SRR, EEN R, WX, UART v
X, BARAFE, AT —RAF70 &Rl S 4, BZR
ROFKEHTEHERVERE (0 FEER) RIZK - TRk ah
%. R HEOBSI L, HgRmmkE & KRS R
Ko TEDI, TURERSUNRESLD. HTiziE,

(1) #HRERBLT HA MY — ¥y =F> DT X
ZVB—Ta Ly, (2) BN LD & RO B R,
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FEARIm, BEmE, B O OZBEEIEA A RN E 5
iy, ©—ETL (IM) ZfAATeZ & T, @i
Lo Tk SN A HIFRE OO R A BET .

2.2 HEEH
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Table.1 Calculation condition

Calculation period

19-28,August,2021

Vertical grid

28 layer (surface-100hPa)

Domain1 : 8km (120x120grids)

Horizontal grid

Domain2 : 1km (103x103grids)

Metological data

NCEP:final analysis

(6 hourly,1 degree grid,17 layer)

United States Geological Survey

Geographical data

(about 100x100 resolution)

Microphisics process

Purdue Lin et al.scheme

Long wave

RRTM Longwave scheme

Radiation process
Short wave

Dudhia Shortwave scheme

Planetary boundary layer process

Mellor-Yamada-Janijic PBL scheme

Urban area

UCM (Urban Canopy Model)

Surface process
Non urban area

Noah LSM

Cumulus parametarization

None

Four-dimensional data assimilation

None

Domainl

N e

|

/|
/0T

!

Domain2

: ‘&M
ij—fﬁf

Fig.1 Calculation area



A-22

- Barren or Sparsely Vegetated
|: Dryland Cropland and Pasture
D Wooden Wetland

- Water Bodies

- Mixed Forest
|:] Shrubland
|:| Grassland

I: Herbaceous Tundra
I Urban and Built-Up Land
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3. FE(E L EAIBOLEE
BAEFHFICHWSD 2 VY REGEET /L WRF OF AR R
AE L7z, BEECHWZBLIT — 213, 7 A U D NCEI
(National Centers for Environmental Information)
DT —HThb.

3.1 BEXH - BEAB O
FRH, HER A ZER L, SIS St Uiz, iif
KH, WEHOEFREZR 4 ITRT.

3.2 FEERREE

2021 4 8 H O KR I, w3 B A ko
Domain2 (lkmX1km A > =) PIZdH 5 NCET OBLHIfE &
FHRIEOEZ T o7, £ 5 ICEBHSOEE & &R
Bias, RMSE, Correlation Z <79~ [X 4 |ZHEACX%Z7~T

Los Angeles area (3981) . N e e
i i JEGAE, RN, HCa RV EEE CRIEERE RS DTz,
Fig.2 Land use condition - N ) B .
SRS, BRI CREIT R < 7220703, D & OBHROH
AR LT 2. FHRHE & BB O 2D T2 KD,
250
HAIROFHMMRNZ &£ Thd L BRSNS, &H @21
200 N S N
IRF~8 IRf) OSURITBUINE & D7 REV. Bt (9 g~
= | Sy L .
- 20 1) OFERERAMIIS S LTz,
= okyo
& ——Los Angeles
& 00
Table .4 Definition of sunny day and sea breeze day
50
. Sunny day Sea breeze day
0 10 20 30 40 50 60 70 Mostly Sunny wind
Distance from coast(km) Weather or speed 2.0[m/s] or more
Sunny wind Each region's main 2 wind
Fig.3 Frequency of urban land use every 1 km away from coast Sunshine direction direction
hours 7.0 hours or more
Total The time that satisfies the
. otal amount ) hour | above two conditions is 6 hours
Table.2 Physical property on each land use of 19[M/ni] or more or more per day after 12 o'clock
solar radiation
USGS Albedo | EYAPOTAtON | o civity | ROUBINES |l inertia Precipitation | 0.5[mm] or more
efficiency length
Land use code Land use [%] [%] [%] [em]  |[kJ/m? - K-s°%]
1 Urban 15 10 88 80 1.26
2 Dry Cultivated Land 17 30 98.5 15 168 . . . .
S rripeted Caltvared Land |18 = 5e m e Table .5 Bias, RMSE, Correlation of air temperature and wind speed
7 Grassland 19 15 9% 12 126
8 Shrubland 22 10 93 5 1.26 Temperature | Bias[’C] | RMSE[’C] | Correlation| Wind speed | Bias[m/s] | RMSE[m/s] | Correlation
15 Mixed Forest 13 30 97 50 1.68 Los Angeles Los Angeles
16 Water 8 100 98 0.01 2.52 International | 2.61 2.73 0.72 International | -0.43 0.80 0.82
17 Herbaceous Wetland 4 60 95 20 2.52 Airport Airport
18 Wooden Wetland 14 35 95 10 2.1 Cable 0.88 151 0.96 Cable 0.96 1.84 0.75
19 Barren or Sparsely Vegetated | 25 2 90 1 0.84
. —Observed Value  —Caluculated Value . Value  — Calculated Val
Table.3 Setting for urban canopy model Oerved Value —Caleulated Value
_— i Wall
Dimensionles Bl_uldlng Building Roof surface | evaporatio Ground Anthropog
- resistance | volume ) surface .
Urban category | s building . evaporation n . enic heat
height[-] coefficient[|parameters efficiency[%6] | efficiency[ evaporation W]
-] [m-1] %] efficiency%o]
A 0.5 0.1 0.4 0 0 0 920
B 0.4 0.1 0.3 0 0 0 50
C 0.3 0.1 0.2 0 0 0 20
- 0 surface
s | o | otz s L] s |
[m] canyonfm] canyon[m] heigr:t[m] valieys] | 1] Los Angeles International Airport Cable
A 10 1 1 2 48 50 .
B 75 0.75 0.75 15 56 50 Fig4 Wind Rose
c 5 05 05 1 62 50
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4. KBS TOHHT
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Temperature(*C)
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Fig.5 Relationship between distance from coast and air temperature
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Fig.6 Relationship between distance from the coast and air temperature Fig.7 Relationship between distance from coast and air temperature rise
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Fig.8 Air temperature distribution in Los Angeles area at 14:00 (from the left: on Aug. 22, Aug. 23, Aug. 25, Aug. 27)



A-22

4.2 BmEKE LSRR EF DR

FOR Mk & o B L A IS IS 1T A G RUEE H OV
D O & SR EAOBHREIX 9 1”7 B
VI RHEEL 0 O, v A sl 23 |, 25 |,
27 H%&/RT

IR EROMEX L, 25 H, 27 HITEER R LY ot
BILZAHIRA K E VS, 23 B & [FIRUE CH 5.
HORHIE & v B R M 38T, YR TR SST,
FRTTARENREE Tu, VEROBGE U, 1RE Ta, HIRENDD
PENTEAH, D OREE x & XURER AT OEE OB
RAEEER L (36, 21, X2). #HiFREIEE LR
REDZ Tu-Ta DREL LD E, UL HREBITKEL
720, BURCHIUR & o BV A MR Ol HER IR AN
L ERDICHEDLT, [IREFOHEZICHE Y ER
EUpNEBREINT.

y = 1.03Vx

y = 0.65Vx

—— LA 27th

——LA 25th

Temperature(°C)

—— LA 23th

—— Average
of Tokyo

0 10 20 30 40 50 60

Distance from coast(km)

Fig.9 Relationship between distance from the coast and air

temperature rise
AT = (0.0032~0.0045).,/H/Ux €))
H=fUT,—T,) 2)

AT: Air temperature rise

H : Sensible heat from surface to air
U : Wind velocity of sea breeze

x : Distance from coast

Tu: Urban surface temperature

Ta: Air temperature of sea breeze
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5. f&im

AWFZETIL, AT DIFEOJEE & TR EAC
Bz 8B EBRTH AL L, AARLE AT
FZKIEDRV 2 B L 2 s A2 55 & LT, HEND
DR L SUR R OBMR A HUR S, & Hole L TEEE LT
FRTTAR R L MR DN KR E {70 d &, W
DJRGHE & HZEim 7> OBFEGN & HIC K& <720, WERIH
IREEARE < Fi7p 2 HUHilE & v 481 Z HUlR O &R
FROEXICHE D ENELRNEBRINT.

2353k

1) H. Takebayashi, et al., Relationship between City

Size, Coastal Land Use, and Summer Daytime Air
Temperature Rise with Distance from Coast, Climate

2018, 6(4), 84.

Table .6 Sea surface temperature (SST), Urban surface temperature
(Tu), Wind velocity of sea breeze (U), Air temperature of sea breeze
(Ta), Temperature difference between surface and air (Tu-Ta) of Tokyo

and Los Angeles area

SST(°C) | Tu(°C) | U(m/s) | Ta(°C) | Tu-Ta(°C)

Tokyo area | Average | 26.5 44.5 4.7 27.7 16.8

23th 22.2 35.8 5.3 21.2 14.6
LA area 25th 22.2 39.9 4.9 24.2 15.7
27th 22.2 42.3 4.7 25.7 16.6




