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Study on Area-wide Hot Spring Heat Utilization System
- Confirmation of Heat Balance in the Heat Source Water Network System -
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This study conducts a numerical simulation of the heat source water network system. As a result, it was found that the

amount of heat from large-scale accommodations that have hot springs and waste hot spring heat recovery facilities to

small-scale accommodations without heat recovery facilities has increased compared to the standard model by

confirming of each heat balance. Decrease in the system COP was only 0.03.
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Fig. 2 Hot water demand in a day
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Table 1 Simulation model elements

Source flow rate 2.7kgls
Source temperature 53C
Hot water drain temperature 38C

Soil boundary temperature Measured value

Water supply temperature 10°Cconstant

Hot water supply load Measured value in winter
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Fig. 6 Drain water in a day

Table 2 Character definition

Heat exchange with network
QNW  Amount of heat from network to a facility  (+)
Amount of heat from a facility to network  (-)

Table 3 Pipe Condition

Pipe Condition value Unit
Soil thermal conductivity 0.2558 (WImK)
Pipe heat capacity 1.17 X103 (J/kgK)
Pipe density 1.43x103 (kg/m3)

Pipe inner diameter 100X10-3 (m)

Pipe outer diameter 114X10-3 (m)
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Table 4  HP Simulation Model
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feL Ncarnot0 * Cop(farnot
coP,
= (2)
nCarnot,() co Pc‘arnot,o
Tcan out,0
COPC t,0 = = - (3)
ame (Tcan_aut,o - Teva_out,o)
Tcon out

cop = (4)

Carnot Tcan_aut - Teva_out

Qcon

= (5)
YeL Qcono
NpL =y + @y ypy + a3 Y, + oo (6)
D=1 (7)
Rated coefficient of performance COPo
Rated cold water outlet temperature (K) Teva_out,0
Rated heating amount (kW) Qcon,0
Rated hot water outlet temperature (K) Teon_out,0
Rated Carnot COP COPcarnot,0
Rated efficiency fcarnot,0

Table 5  Hot spring heat ratio
@ =Qu/CQa (8)
a  : Ratio of using amount of hot spring heat to hot water demand
Qy  : Using amount of hot spring heat (kW)

Qa : Hot water demand (kW)

Table 6 Change element of Model

Change Model
element A (Base B1 B2 C
Pipe Cylindrical | Cylindrical Rigid Cylindrical
insulation soil soil urethane soil
Thickness 600mm 1138mm 50 mm 600mm
depth 0.33m 0.6m X 0.33m
Recovery of hot water exhaust heat from small-scale facility
0 o | o | «x
Table 7 Pump power consumption
Pump power large-scale facility 4.15 kW
consumption small-scale facility 1.56 kW
Network 9 kW
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Fig. 7 Primary energy consumption and system COP
(Model A)
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Study on energy saving effect of heat source equipment
by reducing low load operation using latent heat storage tank

OEA FE (MFERF) sk et (FE R
Hideaki MIYAMOTO*1 Hideki TAKEBAYASHI*1
*1  Kobe University

The heat source equipment used in existing medium or large buildings is generally designed to maximize the efficiency
for peak thermal loads, then operates in partial load for non-peak thermal loads. We propose a simple management system
that reduces the partial load operation of heat source equipment by installing a latent heat storage tank in the air
conditioning system. In this research, we simulated the heat storage operation using a latent heat storage tank, and

examined the possibility of improving the efficiency of heat source equipment.
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TRE R LD IREME 2 fa LT, Floor number 30F

Total floor area 51,400 ni

2. Y3al—iarEHk Standard floor area 1,560 nf
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Low load factor [%]

Factor Property

Indoor conditions | Temperature: 26°C
Relative humidity: 60%

Air conditioning | April ~ November

IR LT AR L 7L R A schedule 7 am.~17 p.m. on weekdays

= ., . MEA : , ZE - . - .
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Outside air introduction : 25 m/h-person
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Table.3 Refrigerator equipment property

Factor Property

Cooling capacity 1,407kW
Cold water temperature 7C /112C
4,032L/min

Cold water flow rate

Secondary

demand load 4%7

Heat

I
| Secondary supply headerl

Secondary Pump

| Primary supply headerI— storage —Immader |
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ST S
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Table.4 PCM capsule physical property?

Factor Property
Principal component Na2S04-10H20
Container size 315mm*280mm*30mm
PCM weight 2.0kg
Latent heat amount 127kJ/kg
Density 1,485kg/m

tank

Refrigerator

R
7°C

(’ 12°C

Primary Pump

:’i .

Fig.2 Air conditioning system

Fig.3 Latent heat storage capsule
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Fig.5 Daily cumulative heat load (low load factor condition: 30%)
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Fig.7 Change of internal temperature of heat storage tank (charge)
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Fig.10 Power consumption and COP (April 19th)
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Building stock energy modeling foe Japanese telecommunication sector and CO2 emissions

reduction potential estimation
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This study develops a building stock energy model of the Japanese telecommunication industry. The modeling involves

a development of reference building models (RBMs) representing the building stock, a simulation of building energy

demand using RBMs and an aggregation of total energy consumption considering the stock composition. By using the

model, we estimated potential carbon dioxide emission reduction in the industry by the year 2030. It was estimated that

carbon dioxide emissions could be reduced by 1.7 to 2.3 M tons in 2030, which would be equivalent to 63 to 75% of the

carbon dioxide emissions in 2013.
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Table.1 Segmentation category

Segments
Hokkaido, Tohoku, Kanto, Hokuriku, Chubu, Kansai,
Chugoku, Shikoku, Kyushu, Okinawa
Area 300 m? or smaller (CL1), 300 m? to 2,000 m:
2,000 m? to 10,000 m*(CL3), and
10,000 m?or larger (CL4)

Location
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Fig.1 Total floor area by segments
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Table.2 Energy conservation measures to consider

Assumption
Insulation Add 15 mm of insulation to the exterior walls.
Equipment Set for changes in communication demand.
(described later)

PowerSupply | Reduce losses from power supply by 10%.
Cooling Improve cooling COP by 1.7 % per year.
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Fig.2 Electricity demand forecast for communication equipment
thorough 2030FY
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Estimating power consumption for air conditioning and generated energy in

semitransparent organic solar cells integrated greenhouse

: a comparison of calculation results in different climates in Japan
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This study focuses on the compatibility between agricultural solar sharing and semitransparent organic solar cells and

estimates the energy balance of greenhouse integrated semitransparent organic solar cells (ST-OSC). We confirmed the

discrepancies in those results of power consumption for air conditioning and generated energy with ST-OSC by changing

weather condition, materials of greenhouse’s roofs and walls, and air conditioning setting. As a result, the possibility of

achievement of Net Zero Energy Building (NZEB) and a way to accomplish NZEB are shown.
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D) YaFEAA PV ZERIE LRV N AL 5~9 A, Bt
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E)  ZEHOBERIIIEKEDSTAFD (Table 1) LK
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HX% Fig.2, HHIZEBT DB % Fig. 3 1T~ 7,

2.2, ZEASTRR

Fig. | ORLUIEAHEDH T 287 AN OB
ZR )T, wHEoFRIE AR (2-1), @221z, BF
DOBFEN A Q) IR, BEERIE Y Tlix, T AN
U A DRBIRHERCENZEL, T LA & RN A
RN TZETAM 2B LTy, ARE TR AR
R (BETE) 2V TERANER L 0D, KH
IEENMRE D —T N2 XD 2 ODZERIT M SN T
W, H@-1), (2-2) OENL HFRREREfFES 2 L127eb, fER
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Fig. 1 The size and direction of greenhouse
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Fig. 2 Schematic of the energy fluxes for greenhouse in the night
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Fig. 3 Schematic of the energy fluxes for greenhouse in the daytime
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Table 1 High level air conditioning setting

Heating Cooling Dehumidifying
. When indoor temperature | When indoor temperture
Daytime
goes below 21°C exceeds 28°C When relative humidity
Night When indoor temperature | When indoor temperture exceeds 80%
i
g goes below 17°C exceeds 25°C
Table2 Low level air conditioning setting
Heating Cooling Dehumidifying
Daytime| When indoor temperature | When indoor temperture | When relative humidity
Night goes below 12°C exceeds 33°C exceeds 80%

Table3 Material combination of greenhouse’s roofs and walls

Case No. Wall material Roof material
(1) A pane of glass A pane of glass
(2) A pane of glass ST-0SC
(3) A pane of glass Low-e ST-0SC
(4) Double glazing Low-e ST-0SC
(5) Low-e double glazing Low-e ST-OSC
(6) ST-0SC ST-0OSC
(7) Low-e ST-OSC Low-e ST-OSC
4a = —{lwraQ(x; — x,) ()
+0.25(aQsotarr + bQsotarw)}
Qheat(cooty = —{AwKw (011 — Osarw) 2-1)
+€a¥aQ1(0i1 — 6,)
+ A, K, (0i1 — 0:2)}
A K, (03 — Osarry + €4VaQ2(0i2 — 6,) 2-2)
+A,K,(0iz —0i1) =0
Qneat(coot) = AwnKw(20; — Osarsn — Osarw,s) 3)

+ Aw,eKw(Zoi - GSAT,w,e

- GSAT,w,w) + CaYaQ(ei - ea)
+ A, K, (20; — Osarre

~ Osarw)
+0.5(aQsotar.r + bQsotarw)
Aym : Area of wall facing direction m (m2)
K, : Heat transmission coefficient of wall (W/m2K)
Arm : Area of roof facing direction m (m?2)
K, : Heat transmission coefficient of roof (W/m?K)
A, : Area of heat reserving curtain (m?)
K, : Heat transmission coefficient of curtain (W/m?2K)
CaVa : Volumetric specific heat (k] /m3K)
ly : Latent heat of vaporization of water (k] /kg)
Q : Ventilation volume (m3)
00 : Indoor (outdoor) temperature (°C)
Osarkm : Sol-air temperature of k facing m (°C)
Xi(0) : Indoor (outdoor) absolute humidity (kg/kg)
Qsolark : Solar radiation reaching k (W)
a : Solar transmittance of roof (-)
b : Solar transmittance of roof (-)
qq : Dehumidifying load (W)
Qheat(cool) | : Heating (cooling) load (W)
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Table4 Thermal property of materials of greenhouse’s roofs and walls
: Heat transmission Heat transmission
Solar transmittance | Solar absorptance coefficientof wall (W/m?K) | coefficient of roof (W/m?K)
A pane of glass 84.0 85 4.76 5.29
Double glazing 74.4 122 2.95 -
Low-e double glazing 48.3 24.9 194 -
ST-0SC 36.0 64.0 476 5.29
Low-e ST-OSC 36.0 64.0 314 3.99
Eﬂﬁﬁ{ég’% kk'ljj E. = Qheat qcool + qa (4)
J‘(4> rjhnﬂﬂ%‘(é%aajji@ﬁmt%ﬂ#j— {E%"ﬂa ¢ COPheat COPcool
FHT B8 KE e — N7 COP 12D T i»isx%jz Gpy = Qsotar,rAwC )
kY X 0 R COP=4. 75, BEFERE COP=5. 30 & 3% & L7z, E, : energy consumption for air conditioning (Wh)
2.4, BW PV IC K D RE RO R COPpear : Heating COP (5.3)
KOIEEW PV ICKAREREOFHAEZRT, FFE | COP.y : Cooling COP (4.75)
B PV D HIHRIGR L OY, ZDFEERZRIZHOWTIISE XL Gpy : Generated energy by ST-OSC (Wh)
kY LVBIHLTNS a,, : Solar absorptivity of ST-0SC (0.64)
3. EHH#ER c : Efficiency of power conversion (0.1)
2.2~2.4 TRUZRE D REH U ZRAR A OWER 7= 5 Zelanisd LTiY ., 1 HOREARKIE 28%,
J1&, FEEEICOWVTORRETLHT D, 7H @/A):/\ I3 IFEEEH IR S VTV D P, F ORI

3.1. =GR
Z 2T, RIRORER SR L= 25 Am Rk R
T, AR A U AR PV, B A BT T
ZUITFRIE LTz CaseQ)DBEIRAMORERA Fig. 4 |2, BE
ﬁﬁm*%% Fig. 6 {53, AffIFEER « EEOS OB
B S X D EEE), H SN X DB CREA B
Fro7L Lﬁ%x% LCW5, £70, BIRAEIOREITE D
FFIT, BEEAARBE T T AZERTE LTz Case(5)DEE
A OFER % Fig. 5 12 MEAM OFE % Fig. 7187,
Hﬁ R « AR & b ICRER 2 ARHUR~=T 7 AlC L

FipoTD, AMONRE RS & 12~2 H TIXHHHC

K DB AR OB BRI HEE T E AKURD I LU 3~

5 H COWBAR TROILD, B LEE T 205
AT OHITBEHAR IRER 23S AR AT 7 A Case(3)DH AR E,
L22L, Case(S)IFEEIM OB WA L= Z &2k D

RRAAR OENBZIE. HEHEREOBINC L B FEAT
HIBEN RO N EN TR E WD, IR & b IR
EASHUES T A T AN LTz Case(5) D5 HYETHEINK S 4u
Do AR E LT, FRTRER SR T 7 A DOBEITRER 2> 5 D

BEIIERCE RN EE XD,

1234567 89101112
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Fig.4 Monthly average heating load

Fig.5 Monthly average heating load
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Fig. 6 Monthly average cooling load
of a case (3) in Table 3

Fig.7 Monthly average cooling load
of a case (5) in Table 3
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J1E, KOS 31 2 B PV IC K D EEE RS
77 7 % Fig. 8 |2, ZEHDOKMER FIF T2 (Table 2) T
DGR Fig 9 \R T, ERSEEOREIC) D LT, BE
[ OMEHT L 5 2 A fT & 25 N EE I DZA L&D KR
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FARTARE VST ERER O BHT L 252883 K & <
&ofk@\_nialfﬁEﬁmwiow@%ﬁﬁi
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B, NXTHT AU LI K DHEEh R 3%, (K
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7= Fig. 9 OFEF T, FLIR TIE Case(3)% HHEIZ Case(d) T
12%, Case(5)TlE 22%DHIE, KK TIE Case(d) T 3%,
Case(5)C A%DHREA A b7z, Bi#EIT L2 -> Tk
D, BEM AT T A Case(@NZ LT=5E . SUFEE DOEE
TSI OHIMM L B AL, ARHES =T 47 F A Case B) 1T 5 &
SUDHITEA A BTz, HRFCREm 2T H T A L= 2
&T%%ﬁﬁ%%MLtﬁmi %%@%ﬁﬁﬁ@ﬁ

ETHEBEAMNEDTEY ., BAEHREOETIC
/%%iémﬁ:t%bu LIzl Th D, £io, T HTAD Elﬂﬁ
BRI AT T A OFTEBHE L KERNT L (Tabled) b
WL TS, B PV OREE MR T L5 T
B0, IE HHRKE < (20.1 MWh/year) Z DIRIZ KK
(19.1 MWh/vear). b/NSVWOIZFLIR(17. 6 MWh/year)
T o7, Fig. 8 DFERITOUVNT, 3 Hulek & & BEEFSEHT
b b THEENNRERE El>TEY ., NZEB DR
IFEEL < o TN, ZEHDKIES R 7 Fig. 9 Tl BE
HREHZ & O NZEB OB AIRE Tdh o 7o, FUIROK SRS

e - A LR S
NI TR OSCEE (2022, 3. 11)

- CIRBER 2 AT 7 A2 LT= Case(5) DA
FE PV IC LD RERE TIHEE RO 81%%HF Z LT
X723, NZEB OFRIZITEDL T, I HIZATF - All==x
KERDBMEECTH D, L L, FEERED ISR & K
PR Cld ZEB R RN HE S /)% EIR1Y | NZEB DRERKAN AT
AEE W I FERIZ A2~ T,
4. F&oH
1) ZELHR? TIFEB SN T R) - T-BEE S O E
ENTZIN, BECBERI DS AT T A CREFEAMR SR & O HER
TS D Z E N TERWVEIERERRKEINWLEER D,
2) BEMAPEIOMREZ A E &5 Z LT, EARICEEA
T « W BT I H T S VT2 232 OBER I T TR Y |
BAM R L TV AR CITAMBENT 255036
BT ENRENT,
3) AWFTECRRE LT /K HED 24 (Table 1) TIX, Hh
CBEMEIM L ORR BB 59 NZEB ORI L < | &
HIRDHBETR « QI=XRPLETH D,
4) IEAKHEDZEFR1F: (Table 2) TIE, KUEIZ L 0 NZEB D3
FRAATRECTH D Z L AVRENTZ,

SEHR

1)  Ravishankar et al.: Balancing crop production and energy
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Physical Science 2, 100381, 2021
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506, 2020
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The Effect of Matching the Supply and Demand of Electricity in the City by Photovoltaic

Power Generation and Equipment on the Demand Side
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In this study, we created an energy supply and demand model that assumes the self-consumption of energy in the city,

This model was applied within a small city. A simulation was performed using this to evaluate the energy supply-demand

balance and self-consumption rate in the city. In the supply and demand model, conditions were set for the amount of

renewable energy supplied and the amount of energy storage equipment introduced, assuming a situation aimed at future

energy independence.

1. HEES - BM

T, HERIERA LIS RZI LT 2 ¢, A R
FHEOFEFUET T, BEDES AHREZE L LCE
WHEEZBIT TR Y, =3 LX—FIC 5 5 L ATEE
TARNF—OHEE KBS O 5 MBI ZH HIVTN D,

FAEMET R —DFTY, KRBT &
DHEZ, FERIZEBW TS FE R R LX—JRE 725 & H
AFENDN, FFEEFHORKEWARLZERBRTHDL I &
Mo, BIOFTFEANZISIT DRGNS EEIZ /2> TL D,

AW CIE, KEENFBICRESNLEIEDOH 5 F
ARMRET R LR —OFIIZE L CTiE, 8 L~L - Hidil L
YL HRHT LAV IR E DB ZE A — TN T, A
bt 5D 2 L T, X —D HFIEE ATV, SRR
FERWOTZ L0, BHOEBMCBNTHLETHS L
2T, T LIcEEN L, TR —DOFHEITH LT,
KBt Es X — G E T2 2 L 2 E L,
A RTRE= R X — ORI HHEE B DD, HBiTHA T
FNF—DESMEZ A LSRNV ERTT LA
Et Uiz, 2R E a2, T3 r L S —FEED
DIV IR T O LR — SR LT, AR ERE
BETZFHNCERY BT 5,

2. AR E

AT (AE T A BT (LR S BT L Hg3) %25
e UCTHY BT 2 0#fTHLY £ E@%ﬂf:'f“‘? D
CBETI, ISITE Y g > ) EFESE RIS 5, 22
I, R SRR TRPEE LT H AN 5000 AR,
2400 A5, Adk - SEFSHE 230 BRI TH D,

3 IRILF—FRETILOHME

AHFFE TR 2 =R L X —FEBET LI, Figl
Table.l DiEY ThDH, ET/AVNTIE, EFTEEHE

TG R D72 2RI ﬂLf‘%%%ﬁmL
oo ZREMPNIES T, SEBMMPIIEBR 4f0E L
TW5, FEFEEFIL, %ﬁmsmm%%ﬁ¥fkékm
IRMND, BRELT O I k%ﬂ AHET 2 EESETS
GFETHEB X, ¢ék% ETEE LTz,

AN OFTFEIZX LT, k%ﬁ%*kiﬁ%ﬁﬂbt
I F = ZHEEIZ L - T, EHOMKGEIT, o, K5
HHEDETMEDO G LA WIFRE L C, FE - RS
AZRE LT, RET /UL BTN CAEELT-EIEZBE
HE LT, BAEFRET XX —OFARE R KRICED
HZEEREME LTS,

FEta D HEICIE, TR — G R L E R Oy
ZIRHED /ST o AZEFB L, AT Z &L O EFEH
B AT 5, LLT, FH6ET VNOFEER] - fEE R0
PN D,

supply Side Demand Side

Power supply out of city

Transportation Sector

Home/Commercial/Industrial Sector
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Biomass power Electricity demand

Heat storage Heat
device porrp

Heat  —

Heat
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Fig.1 Energy Supply-Demand Model
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Table.1 Introducing equipment in each of sector
Sector Imaglng Renewable Energe Stonng
Build energy Devices
. EV
Home House Photovoltaic Heat storage type
power h -
ot water supplier
. EV
Commercial Office Phot(())‘\;(;lrtalc Heat storage
P water tank
Photovoltaic
. Barns power
Indusrial Office Biomass EV
power

31EHAIRIILF—FEDHKL
SHTEY gk, %)« LPG - AT « A &l - TV
Uil OEEEEFR= VTR EE LTEE
HHITW, AZETIE, 205 HDH Y Y o -8
o b B EFTHIREL & 72 U, LIS O IHRIRES -
LPG EEBHNHIERE - faly - IS L L@ offiH &
NTNBLEEZT, £ C, ENHEEZBYDEIE
wmE LT, YU - BlERRS AHRE - LPG 1
BOBEHREZEYONIESR - HGEGEERLE LTS
Z. TEWR P 2 EE TSN BE N,
FIAMIE I, HAMRED ALY —E & FheTx
NE—HHEIR L 5D T, BB =R —5F
BIIT_NTEHETHRE LTS, BCEEERIT,
D). QDL oI —rRLT (COP=3 LE) THH =
LELTENETHR L, BHFEELAFEREDE
DR A )L —FR R L L TR LT, (Table.2)
T RILX TR B OEMED D RFIBIE & BE T DR
WZIE, SUEME 922U, A50P9 CIEE L7282l
% AR - BB EZ VT, RG)D X HIZEE LT,
Hp,(t, i) = Ep(t,i,2) X 3.6COP (Y]
Hpy (t,0) = Ep(t,i,3) X 3.6COP  (2)
Ep(6,0) = ) Ep(t,i,]) X tn(t,5,))/1om X Ta(t,0,) (3)

J
Table.2 Building energe demand of each sector in S City

2SR - MR TR T S S
TR R R SRS (2022, 3. 11)

WINA A~ AT T MR EAL T, ~N—2EJFRIZ
FIHT 22 EE2EE LR,

KRG SR VIETEA py & XA Cpy 1T NSV Z SR LT,
KON THEYITEL LT, £L T, HfET—4~—
AR OBBRTHILETINGERE L,

PLEX Y REBIOFARRT L — e Ex, X
OGN L > THREL,

8760

D EptD) = Bypy () + Bypio(D (4

t=1
E i
Apy (D) = Wﬁinw Co@D =LxApy (D) (5)
Egg(t,i1) = Egio(t, 1) + H(t) X Apy (i) X npy (6)
Table.3 Equipment of renewable energy in S City
Output | Year Supply
[MW] | [MWh/year]
Biomass power 1 4,380
Photovoltaic power 41 42,700
All (PV + Biomass ) 42 47,080
Panel area of PV 209,567 m?

33 /AT BEIRIILT—HRIE
KICHEBEOEEI Db B LT, /L%
—FHOEAE T L7, Tabled DY | FHEAMAH5H
L7cBR BB, &8, KEBEOEAZEE L
2o Elo. AFHEROZHTIL, HrFLF—RHEA
]REDOBRTER T D720, BAF100% 2 EF L T D,
Table.4 Set up of conditions in S City

Energe Storing Unit . o
Devices Capacity Note (Introduction rate 100%)
Replace all cars
EV 40kWh 5% loss in storing or radiating electricity
Heea;(s)tto\l;zaagtg 93 MJ Introduce the supplier per house
op . 5% loss in storing or radiating heat
supplier
Heat storage 335 M1 Introduce the supplier per office
water tank 5% loss in storing or radiating heat

Convert

Electricity Heat . Energe
demand demand heat " t.o demand

Electricity
[MWh] [GJ [MWh] [MWh]
Industry 4.577 26.443 2448 7.025
Commercial 8.354 90.227 8.354 | 16.708
Home 10.253 141415 13.094 | 23347
Transportation 0 0 0 0

32 AN I RIILX—HEDHR

A COFAERFET X —30HOEARIL, &N
TOTRAX—ERANE B LTDIRL T2 E LT,
ZZTCR@DEBY, WD EIFERE TR - BT
P L [FEOFRRS &4 ) FTRe7e A FTRE = R /L%
—RAEEEZEAT D Z L ARKET L7, Table3 (2Kt
W &N A AEEORHEARETRT,

IRA T ARSI, RS TR X5 HH
W77 NORE Y2, B4R 1 T8RS O3

B4 FTEFIE - HFIFMIZ DT

VI EOFMREEEEE 2 T, = —ifa i & FHE
B 8760 Wit/ ORFZIBIEIZAE B L, F /L X —3%f
BN UTBRD, FRERRY - SEBMERRY - PEFERI 2
DTN TV AT LT,
FHEDOEIZIL, Python £ = —/L PULP % M= H#F
BombEZ R -, ()0 BB ERMET 5 2 &
(&Ko T AHEB T 24 IfE] 2 & IS ETRE= R LT — %
RARBRIZRIT 5 X 9 73R 24 365 HOHIMITf7>
2o LT, K@U, HIHGHEO—HTH 5.
AQ@)IFEB TSNS b DOESMG, KOFHTI= /L F—
T 10) AT CAERE L= E TRE= L X —fitih
WZOWTOHEXTH D, AT A1) (12)D &
12, AFEEEERILEV $FEF RS, AEREAEIIE

BRBUR R BB AN E I ITREL TS,

24n

Moo (D) = {Eps(t,1) * Moy coer(t)} @)

t=1+24(n—1)
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3
Eps(t, i) = Z Eps(t, i) + Eps sy (£, 0)

® G, )) = (1,3) Dk

Ep(t,1,3)

G G, ) =

= Egg(t,1,3) + Ep(t,1,3) + Eps(t. 1,3)
+ H,,(t)/3.6COP

(2,2) DI

Ep(t,2,2) = Epg(t,2,2) + Eop(t, 2,2) + Eps(t, 2,2)

+ H,; (£)/3.6COP

(i) D@L OIF

Ep(t,
3

0L,]) = Epp(t,i,)) + Ecp(t,i,) + Eps(t, i, ))

Epp(t,0) = z Epp(t,1,J) + Egg ey (€, 1) + Eggry (8, 0) + Esyr(t, 0)

j=

Nes X z Ere,pv(t, 1) < SEqu (D)

Nps X

1
24n

t=1+24(n-1)
24n

Eggr(t,0) X 3.6COP < SH(i)

t=1+24(n-1)

®

91

92

©-3)

(10)

(65))

12

t ezl (t = 1,2,3,...,8760)
n B n=1,23,..,365)
N mHDBE
i ERPRG =1 FE i =2 ¥, (=3 %)
. TRELDOTEIA
J (G=1:%0 j=2: GIEGEH j=3: G5
M, (D) EBFHIZISIT 2 COHEHIE: 24 BERIRERE]-CO,)
Mo cou (O) REZelZ 31T HABTIIMAES 10D CO- PEHERE ke-
' CO/MWh]
Nes:Ths  FREBAER, HEGHE (WD 0.95)
cop BRSO RHRTREL (=3.0)
Eypy(D) I IST D KB AR R E[MWh]
Eypio()  EBFITINT B3 A~ AFEERAFEFEMWh]
H(t) Bl Z 30 % H S E[Wm?]
Apy (D) j(lzﬁjlﬁ%éa?/\?ﬂ/ﬁiﬁ[ m?]
Cev (D) KGR R A M W]
Npyv j(lz}ﬁjlﬁ%éa? jji—‘[ ]
PAF, Wele, il 5505
Ep(t,i) TRV —EEEEMWh]
Ep(t,i,)) ]ﬁ'ﬁg X9 =R —FEEE[MWh]
T (6, 6,J) TREOFR R 5 A RIEEER[-]
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KIEFEIC L D ESMEEZADBREICREY S BF5R
A Study on Latent Heat Conversion of Sensible Heat Released from Qutdoor Units of Air

Conditioners by Water Spray

Otz Pix (FFRE) ek st (FE R
edr B (FFRE)
Sae KYOGOKU*1 Hideki Takebayashi*1 Yuki KITAORI*1

*1 Kobe University

In schools and small-scale public buildings in urban areas, it is difficult to take effective measures to mitigate the

temperature rise effects by the sensible heat released from outdoor units of air conditioners, because they are installed in the

vicinity of the building due to restrictions on installation conditions. The purpose of this study is to evaluate the conversion

of sensible heat into latent heat by water spray, based on the measurement results of air temperature and humidity in the

vicinity of the outdoor units.
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Fig.1 Water sprayed position (Diameter of air outlet: 560mm)
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Fig.3 Measurement points in front of outdoor unit (cross-sectional

view)
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Fig.4 Relationship between distance from outdoor unit and
temperature (Varying the spray position)
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Fig.6 Temperature, absolute humidity and specific enthalpy at 300mm
and 1,500mm from outdoor unit
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Fig.7 Temperature, absolute humidity and SET* at 300mm and
1,500mm from outdoor unit
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Table. 1 Sensible heat release, sensible heat reduction, and latent heat
exchange calculated from the measurement results of temperature,

humidity and water spray volume

Sensible | sensible latent heat | latent heat
heat heat exchange | exchange
release reduction | QL QL
Qo Qr ©) @)
@) @)
upper | 3.99kW 6.36kW 16.52kW
AM 4.05kW
lower | 3.65kW 6.29kW 7.74kW
upper | 2.96kW 6.24kW 14.16kW
PM 4.05kW
lower | 4.40kW 7.10kW 4.55kW
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Investigation of Measures Against High Humidity with Desiccant Type Dehumidifier in
Underground Cultural Properties Storage Room
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Underground cultural properties storage room is the high humidity caused mold to adhere to the stored items, which

became a problem. Therefore, dehumidification measures were necessary. We installed a desiccant type dehumidifier there

and measured the temperature and humidity to clarify the effects and problems of dehumidification. In this paper, we

report that the amount of water was reduced by operating a desiccant dehumidifier, and a difference in humidity in the

underground cultural properties storage room during the summer.
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Fig.1 Plan of Storage room
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Fig.3 Installation location of desiccant type dehumidifier and

temperature/humidity sensor
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Fig.4 Temperature change before installation of dehumidifier
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Fig.5 Relative humidity change before installation of
dehumidifier
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Fig.6 Absolute humidity change before installation of
dehumidifier
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diagram during operation
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Fig.8 Temperature change after operation of dehumidifier
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Fig.9 Relative humidity change after operation of
dehumidifier
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Fig.10 Absolute humidity change after operation of
dehumidifier
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Fig.11 Absolute humidity of blown air,inhaled air,and exhaust
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Energy saving effect by two chillers connected in series including the use of seawater heat

source: a case study for international exhibition halls in coastal area
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The thermal grid system (TGS) is for bidirectional heat interchange between multiple heat source facilities. This research
targets international exhibition halls where the TGS is expected to be introduced. It is planned to use seawater heat for some
chillers and to connect two chillers in series. In this study, we constructed a simulation model for series operation, which has

not been examined in detail yet, and examined its energy saving effect by comparing it with parallel connection.
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Table.1 Performance list of chillers

Refrigeration capacity [kW]
Plant Number Equipment model

Single Total
R-1-1,R-1-2 |Inverter turbo chiller 1,758

1 10,548
R-1-3~R-1-6|Gas absorption chiller 1,758
R-2-1~R-2-3|Inverter turbo chiller 1,758

2 10,548
R-2-4~R-2-6|Gas absorption chiller 1,758

3 R-3-1~R-3-6|Inverter turbo chiller 1,758 10,548
R-4-1~R-4-3|Inverter turbo chiller 1,758

4 10,548
R-4-4~R-4-6|Gas absorption chiller 1,758
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Table.2 Simulation conditions
Period, number of days May-October
One day for each month
Air conditioning time 8:00~22:00 1 hour interval
Input information (Enter a constant value only for seawater
temperature from 8:00 to 22:00)
Cooling load Refer to the actual values of
facilities of the same scale
Wet-bulb temperature Uses Extended AMeDAS
Standard Year (Osaka)
Seawater temperature Daily average value is used from
Osaka Bay observation data
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Fig.8 Transition of seawater temperature and

wet bulb temperature
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Fig.9 Comparison of power consumption using a simple model
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Fig.10 Comparison of COP using a simple model
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Table.3 List of conversion factors
Primary energy CO; emissions
Electricity 9.76MJ/kWh 0.362kg-CO2kWh
City Gas 45MJ/Nm? 0.0509kg-CO/MJ
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Research on optimization method in operation of heat interchange system among buildings
for air conditioning
Trend analysis of Air conditioning load in the international exhibition hall
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Masatoshi NISHIOKA™! Masaki NAKAO™!

*10saka City University

A thermal grid system, TGS, which is the bidirectional heat interchange system among buildings for air conditioning was
introduced to the exhibition hall. The current operation method is based on the judgment of trained technicians, the system
is operated with an eye on future peak load. In this study, we developed a cooling load index based on the usage conditions,
and added a load forecasting capability to the optimization method for minimizing primary energy consumption. As a result,

optimized calculations for future loads became possible.
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Table 1 Square measure[ni]

Building No.4 [—
=
3 [
=]
ERI E=E] | B
E m Bultding No:
Building No.1 Building No.2

. Heatsource , Air . Cooli —
R machine  AC: conditioner CT* t:;elr:g |__ - Thermalloop
Fig.1 TGS of the exhibition hall

Square measure[ ]
Building No.1 5,087
Building No.2 6,729
Building No.3 5,119
Building No.4 6,729
Room A 4,728
Building No.5 | RoomB 1,625
Total 6,353
Room A 9,680
RoomB 9,679
Building No.6 | Room C 10,535
RoomD 10,167
Total 40,061

Table2 Rated values of heat source equipment

Cooling Gas
name capacity consumption
[kw] [Nm3/h]
R-101 [ Gas absorption chiller/heater 2110 164
R-201 [ Gas absorption chiller/heater 2813 218
R-301 | Gas absorption chiller/heater 2110 179
R-501 [ Gas absorption chiller/heater 1960 125.5
R-502 | Gas absorption chiller/heater 985 63.5
R-602 | Gas absorption chiller/heater 3517 273
R-604 | Gas absorption chiller/heater 4395 341
R-606 Turbo chillers 1758 256kW(Electricity)
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ENFFA D & O OIREE A FE L CiED A R ZEDE)
BICK > T AR LIEETT V) EhaifbitEtes
L& LTHV, BRSERFROMA TR L2 b o
ZANJIL. e DEZ &V HFIGRIED 6 OMBE DR/ Ml B
HIBIE O MU A MR AT VR 2 728 DERSR T 5 Tk 9
Thb, T mt 2% Fig. 2 1T7+7,

Basic | | Modelof characteristic
inform%)tion of heat source equipment

Inputvalue
Ex. Cooling load

Load factors, m
Ratio of Heat transport

binati l Constraint condition
mbination&
itive caleulations _ Characteristic.model. ... .

Primary energy consumption | Energy for Heat
of the heatsourceequipment | | trensferingheat | | radiationloss |
| | |
Assessment function

| Primary energy consumption |
! of the entire TGS i

air conditioning I
equipment’s designvalues |

®: Meta-Heuristics

Optimum solution,
Minimum value of Primary energy consumption.

Fig.2 Calculation process
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Building No.1: Qg = 42.10 X t —439.60 R* = 0.34

400

200

Heat source machine load[°C]

0

200 25 25.0 215 00 25 35.0 375
Temperature[°C]
Fig.3 Measured heat source machine load regression line in
Building No.1
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B4, FrHiABE IS OkW A EDT,

1200
1000
€00
€00
400

200

- Air conditioner electricity consumption [kW

Heat source machine load

0

0 200 400 €00 800 1000 1200
Results of dynamic heat load calculation[kW]

Fig. 4 Measured values and results under reference
conditions
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z B
==, 3
v=0.3 T p=0.03
v=1 Su Po=0.3
— Vp=2 > — p=0.5
v=2.5

electricity
X
electricity

Heat source machine load
Heat source machine load

Temperature[°C]
Fig.5 Measured values

and indoor load at each
ventilation frequency

- Air

Temperature[°C]

Fig.6 Measured values
and indoor load for each
number of occupants
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HEET 5, 5548 B & 6 548 D IT5EAEOT — 2 Hhvh
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AQH,v,p ZQH,V,]J - QH,vo,po (1)
Qestimate = Qreg + AQH,v,p +E @
: Dynamic heat load calculation
QH,v,p o [kW]
results
AQyuyyp  :Variation from reference conditions  [kW]

Quyvep, ‘Results under reference conditions  [kW]
Qreg ‘Measured regression line (kW]
E : Amount of electricity brought in kW]
Table3 Load forecasting model
Building No.1
Measured
o Qreg= 4210 t  -439.60
regression line
Dynamic heat load calculations(NewHASP)
Reference
conditions
o =2, Quyop,= 9080 t -2068.79
po =0.3)
v=03: Quozp,= 5666 t -1251.10
v=1: Quip,= 7085 t -1592.19
v=25: Quzsp,= 10070 t -2304.46
Variation from reference conditions
v=03: AQuozp,= -3415 t +817.69
v=1: AQyyp,= -1995 t +476.60
v=25: AQu2.5p,= 990 t -235.67
p =0.03
work index4 AQH,vo,0.03="41.89
p = 0.05
work index8 AQttv,05=68.11
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Table 4 Error rates

Casel Case? Case3

Error rates[%] |Error rates[%] |Error rates[%]
Building No.1 20 15 2
Building No.2 67 76 37
Building No.3 18 14
Building No.5 20 14
Building No.6 38 29 13
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AT COBM TR Z AV Ol bt 21772,
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Wl AAT 5, F T BRI I SERIEN RS S 2 VT
B Vit SR AT o T BROBIFHERIGRE R D e b E LUV
Tk & L TEREA TS T,

Casel ClIEfF RO 03 D RR253)8 18%~
35%., 2 HAETIE 60% TH V) FRIOATIZLE~THBL M

2SR - MR TR T S S
TR R R SRS (2022, 3. 11)

FARUEA N E < BH ST T DR b HE O BFER
FERIZEBUTE R101 23508 L 72V ViR & 72 72, Case2 T
I XA THNEO SR SR DREAERAY 14%~29%, 2 =
BEC 76% T o 7o o bLE HAC 1 2 BRHSSIE BL 352
AR TR L7568 LR UAE bR L 7eoTz, DD,
2 SREFEFIRAC R201 ZREBT- A ISR L Y 2 BiED
RRAEDRZENIRNEE R TG, 1,36 HHET 14~15%. 6

A 29% DRRAATISUNT b iRl e B O A O 2R
T 52 ENTE,
Table5 Results of heat source selection by optimization
calculation
Results of heat source
selection
Casel R201, R502,R602,R606
Case? R101,R201,
R502,R602,R606
Case3 R101,R201,
R502,R602,R606
Optimization R101,R201
calculation with actual R502,R602,R60é
measured values
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Study on Aquifer Thermal Energy Storage System for Space Cooling and Heating
- (Part 7) Examination of Increasing Cold Heat Storage in Winter Part2-

g (RIRMSRT) B MH CGEETLY—< AT RATAX) f B (KR YZKRS)
R IEE CREASZKRY)  @E 2581 CREASZRY)
Kotone NAKANISHI"'  Linri CUI** Masatoshi NISHIOKA™!
Masaki NAKAO™ Minako NABESHIMA™!

Ofis

*I " Osaka City University 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 areas where the heating load tends to be smaller than the cooling load, the amount of cold heat storage is
insufficient during ATES operation, causing an imbalance of annual heat storage. Therefore we will verify and consider the

effect of introducing the method of increasing cold heat storage in addition to the normal operation of ATES to balance the

heat storage amount by simulation.
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Table 1 Equipment list

Equipment Specification Motor input Equipment Specification Motor input
Capacity |200USRT(703.3kW) Exchange heat quantity [822.7 kW
Input:12.0 °C 24.0°C/19.0°C
Chilled T High temperature side 5
Output:7.0 °C Rating 100 m*/h
water
Flow rate : 120.7 m°/h . 13.0°C/23.0°C
Cooling 114.6 kW Low temperature side
Input : 33 °C 100 m*/h
Cooling
" Output : 38 °C Heat Exchanger Exchange heat quantity [581.4 kW
water
Flow rate : 1415 m°/h (for Aquifer) 24.0°C/19.0°C
High temperature side
Inverter turbo Module  [Fluid.Chillers.ElectricReformulatedEIR First year 100 m*/h
heat pump Capacity |865.9kW 18.0°C/23.0°C
" Low temperature side B
Heat [Input:17.0°C 100 m°/h
source  |Output:12.0 °C dul Fluid.HeatExchangers.PlateHeat
module
water  [Flow rate : 127.0 m*/h ExchangerEffectivenessNTU
Heating 127.5 kW
h " Input : 40 °C Exchange heat quantity 822.7 kW
t
eate? output : 45°C 38.0°C/33.0°C
water 3 Heat Exchanger High temperature side :
Flow rate : 150.2 m*/h ) 141.5 m*/h
(for Cooling tower)
Module [Fluid.HeatPumps.Carnot_Tcon 32.0°C/37.0°C
5 Low temperature side -
Flow rate 100 m*/h 1415 m*/h
Deep well pump Lift 30 mAq 18.5 kW Capacity 1089.0 kW
module Fluid.Movers.FlowControlled_m_flow Cooling water temperature 32.0°C/375°C
Chilled water Flow rate 150.2 m’/h 185 kW Outside wet bulb temperature 271.0°C
pumpl Lift 28 mAq i Cooling tower Flow rate 1703 m'/h 22xziw
Chilled water Flow rate 127.0 m*/h Fluid.HeatExchangers.Cooling Tow
15.0 kW Module
pump2 Lift 27 mAq ers.YorkCalc
Cooli t Fl t ¥
ooling water ow rate 170.4 m*/h 15.0 kW
pump Lift 20 mAq
(ot
E C E C
R R

Fig. 1 Cooling model

Fig. 2 Heating model

Fig. 3 Cold Hat storage model
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Fig. 6 Operation schedule

Table 2 Physical characteristic of the aquifer

Unit Value

Density g/cm® 2.0

Specific heat kJ/ (kg * K) 1.6

Pebbles |Thermal conductivity] W/(m - K) 1.6

(Aquifer) Layer thickness m 10.0

Dispersion length m 1.0

porosity - 0.3

) Specific heat ki/ (kg * K) 1.8
impermeable

layer Thermal conductivity]| W/(m - K) 1.2

Layer thickness m 5.0

Water Density g/cm® 1.0

Specific heat kJ/ (kg * K) 4.2

3. R

H/KELE DA K OZHi S EE 2 P S § 50T 3
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IFE SRR T AR EDOO Z L ThY | H
HE IR,
31, H—X1 . ERETTEEEG (HKEEZL)
ZeIAMTIZ A ATES Z1EHR L, & Bz ki
EEATHOIRWGA . Fig. 7 £ 0 AWIZEAEITE-OZ I

ZESFTN - B TR 8 S
TR R R SRS (2022, 3. 11)

e /s eoTRY, Bk o A WE B
DIIFHI 021 E7e o7z, Z ORIKIIEFEARH AR
AV NESLSHIBENZ ETHER, DX H k&
TR AN DR AT 5 & HIHIREEDS 5L
ATES OMREIK T 24 <, EHIBVRIGERIL, B AN
BAM LY REWIZDIZAEKE & E_E K&
(EAKE) MKREL, 96%E@mVMEE & > T% (Table
3), LENEAEMTH S5-I EYEKE A AW
KB L [FIREEE ElR T D IGANT I, 60%FRE & 72 b1k T
Thd, T ESOMERH TR 29% & /s <
Trotz,
3.2 H—R2:EERETEEER (HKEEEL)
ZUTRKEGE A TOTICAWIE R EIZAEDED L9
WU CEMERE LY/ NS5, T70bb ATES THfiD
BEAHREAZ/INS S L TEME iz L > -85 Th 5
(L LEBEI TR EOE SR BIEN T 57
DT RNEEL < BRI L TR, ), mEANT
VIR LT7H%¥~9H\%%®@ﬁT%OEWE
L7z, AT ELE SRS /NS < Liz7zdIZE8 Y
FITEIDHKI 10%1272 0 | AL 80% 2 & Tl = L7z,
3.3. 4 —R3: EREFEEL (SKkEEHY)
THUTEKELE AT O & & TAHE A E A R S
HHEEGE L P lia L >G5 Th D, L Lkl
AR > OINVTIBERIRE 10°CA M S Tl LT h
B RGN ;ﬁ%f;iﬁﬁ)<3ﬁ_f_&5 WEARED 9 A% %
fthOBEE TR H = L2 LT ATES T ) AffEEZ /&<
L7- Fig. 7 £ 0 7 —2R 2 |[CHR_R TSR EOZEBNCX
TWD, ZKHIENENRIT 35% & 7r—A 2 &l 5 &/
SV, W/KELED 7= DI KIE D DI S 7= B %
m%%m%0%@ﬁ%&bf$ékﬂ%kﬁoto
CwPw Zi Gout; (Tous, = To)

n= x 100 (1)
CwPw i Qin; (Tini - To)
n : Heat collection rate[ %] Ty,  :Injection temerature [°C]

: Specific heat of water y "

Cy [K(ke - K)] Qout  : Flow rate[m’/d]

pw :Density of water[kg/m’] T,y  :pumping temperature[°C]

: Initial ground
) . 3
Qin  : Flow rate[m’/d] To femerature[°C]
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900 T
800 ‘ DCooling [ Heating

Cold heat storage
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I EE R
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Fig. 7 Amount of the heat storage
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 Cooling M Heating H Annual

Casel

Case2

Fig. 8 System COP
Table 3 Flow rate, Heat storage &

Case3

Heat collection rate

Amount Casel Case2 Case3 Case3
(For heat source) | (Total)
Flow rate in 1st winter[m’] 40889 40889 90883
Heat storage in 1st winter[MWh] -183 -183 -528
Heat storage in 2nd summer[MWh] -173 -125 -298
Heat collection rate[%] 95 68 56
Flow rate in 2nd summer[m®] 126177 43202 94154
Heat storage in 2nd summer[MWh] 917, 266 558
Flow rate in 2nd winter[m®] 40603 46528 48490 96109
Heat storage in 2nd winter[MWh] 264] 211 198 399

3.4 HEBREEOLEERERIRILT—HESLE

TSR D — A5 LIAN o 77 AR TR/ Tl
I E D, ATES b5 0T IR R —{HE & T3
%o BEUNHBIX O EGefias | WER% 0D 77 AW A TR KB 0D B
K COP & | SEREFEBRCHF HALTZ v AT 2 COP Ofi (Table
4) ZHWT, ZERAMENLSINIEE LT, Fig. 10
ko, r—2R2 L —23 TEETHE, r—A3 TIE
16.6%DE = RIZ72>7-, ATES DHOFHEIZ L, r—A
@I KELEDBROEN IS SEE RSy, r— A 2 1ITHAT
BEE D SCOP AMEV ™ (Fig. 8) 723, A AU IR
DOEINTr—RZ 2 OFPKEL 257280, fikakox
FIXF—HEETHD & HKIE TS B
D% & D HEDE TR E T b, 2RO
VY ATES OAMGHZRELSTHIEDAY v Mk

LTWo,

Table 4 The Chiller / Heater’s COP & System
COP of ATES in Maishima

Gas absorption type .
Cooling Heater
water chiller/heater
COP[-] 0.75 0.67
Average SCOP[-]
0.64 0.66
(Primary energy)

i Absorption type, summer

3 Absorption type, winter

B ATES, summer

= ATES, winter

Fig. 9 Heat source composition ratio

2SR - MR TR T S S
TR R R SRS (2022, 3. 11)

3 Absorption type, summer M ATES, summer
[ Absorption type, winter W ATES, winter
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Study on aquifer thermal energy storage system for space cooling and heating
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The aquifer thermal storage system (ATES) is a system that can effectively utilize the air conditioning waste heat

over the seasons by using the aquifer, and is expected as one of the measures against global warming. In 2020, a

verification test of ATES was conducted in Maishima, Osaka City, and in this study, we analyze the actual data

obtained by the verification test and evaluate the performance of the aquifer and the cooling and heating system.
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Fig. 1 Operation overview of ATES
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(DHI-WASY Software Version7.4) ZF|fL, XF 2D
727 IS ME A 21T o725
21795, E#IE6H ~9 HICATESZ M= [ B i s + iR
REEN, ZHNT12H ~3H \CATESZH| L 7= [ R iE s
HWHAREBZATO, IRKERTDHFEmRAT, K
N DI F AR LS.
4.2. T IVOIERK

5 7K 8 D TR FE 3 A SO BIR O [
LCik, ERERER Y 2170, %?ﬂ'l‘li&@@%ﬁ)%%?f/l/
EAER LTz, K8 OBGRENIEE O T T b EE R
PEE & S p VRV HUR X, BiKIRE O FET — & LB
BT HEOICAE LK. 723, BiHiOH T KR EE LA
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Table. 1 Parameters of aquifer model in Maishima

BDOIIz2—a

, Wt e &2 B

Parameters Unit Value
Porosity - 0.3
Common | Initial ground temperature °C 18.8
Groundwater flow velocity m/year 0
Volume specific heat MJ/(m - K) 3.18
Thermal conductivity J/(m+s-K) 2.07
) Permeavility coefficient m/s 4.9x10°

Aquifer
Longitudinal dispersion m 2
Transversal dispersion m 0.2
Aquifer thickness m 10
Volume specific heat MJ/(m - K) 3.06
Imperme Thermal conductivity J/(m s+ K) 1.20
able Permeavility coefficient m/s 1.0x10°®
layer Longitudinal dispersion m 2.5
Transversal dispersion m 0.25
4.3. ZEFAAT ORBTE

AWF5EClE, Fig. 4R TERANEIREL, B—7

BARFIZR LT700kW (HERET)), 865kW (REEHRE 1) LA
To /zéﬂiéﬁ%ATEsf\?Eéa\éz TREELED. EHG
EAn A A, AHE MEIEE LTRT.
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Fig. 4 Monthly assumed air conditioning load
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Qw = (Cp)water (Tp,w - Ti,w) X Vi (3)
Qs = (Cp)water (Ti.s - Tp,s) X Vg (4)
e=2Toy 10 (5)

Ti=To

Qu: AR E EE[MWh) Qs: E IR HZ B E[MWh]
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Table. 2 Heat recovery late of each well each year

Year High temperature well  Low temperature well
1 — 59%
2 57% 63%
3 63% 64%
4 65% 64%
5 65% 65%
6 67% 65%
7 67% 65%
8 68% 65%
9 68% 66%
10 68% 66%
11 68% 66%
12 69% 66%
13 69% 66%
14 69% 66%
15 69% 67%
1200
1000
= 800
£
E 600
3 400
- 200
0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Time[year]

W Low temperature well W High temperature well

Fig. 5 Amount of injection water flow late each year
4.5, I alb—va VR

VIalb—va LRV ELREEABEIOEKIR
FEHER % Fig. 61279, /KM ORET — & DA% E
MTREL T D, EHIORAKEFETIL23.8°C, £AHD
H/KEETIX13.8°CHO— B TIEAKEIT- 7.
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Fig. 6 Production temperature transition of each well
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Fig. 7 Heat recovery late transition of each well
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ZERFAZENE LI-HKEZEROHE
(FIH) HAHEBEEZEICL-HKEERRFIERTE
Study on Aquifer Thermal Energy Storage System for Space Cooling and Heating

-(Part 9)Identifying Aquifer Thermal Storage Characteristics Based on Observation Well

Temperature-

Ol B CRBRHINZRS)
val  EEs KPR R
R IEE (CRERANZKRY)
Takeru YAMAZAKI*1
Masatoshi NISHIOKA*1
Masaki NAKAO*1
*1 Osaka City University

v 2R (RBRHNLRE)
g BT (KRBRMNLREE)
B OKH GEERELY—~v VAT A XBRASE)
Kotone NAKANISHI*1
Minako NABESHIMA*1
CUI Linri*2

*2  Mitsubishi Heavy Industries Thermal Systems, Ltd.

Aquifer Thermal Energy Storage system (ATES) is expected to have an energy-saving effect by keeping waste heat in an

aquifer and using for heat source. However, in this study, a simple model was developed, and an observation well was set

up at a point a short distance from the heat source well. In this study, a simple model was developed, and an observation

well was set up at a distance from the heat source well, and the effect of aquifer properties on the spread of the thermal mass

was analyzed based on the temperature of the observation well.

1. [XC®IC

B O IIHKE OBV EDRIEZ1T 9125720 |
IHET VT, BYRHEF ISR D KIEE ORI 2 A
FRNED DT, ZNERETIHIES I 2 b—ra v
AT, DA A S C FENE A i b &
LEFERER A & EOANER A RIERE E UTRAT
% &9 REEHIEE VW CE -, KB ORREIRHE: &
U CREERZBIIKEE S, B8R REELEN, 2%
B, BRIETGE (HIKGE) o5 fTh D, Bk
52D 5 FEOEEAE 4 \MNLZRET 5 2 &I ATHE
ThHOT, KBRS REIREOR—) 77—
B uaBEL UTIET 5, BMRERIITHIMEER L
TEENRNO TN DELN D —EE 5, &
FELEA L 208 BREEHEHI L, JREE DS BV S =3 A ST
WZRET 2 Z ENRETH D DT, ZFHDOF THERK
FEDIRNBFELEBNZ DOV T, BMRER L RIS
ORI 2 Z &IcT %, 2R L BREERHIC OV T,
BB 2 BRRIET 572 8 L TRLRDHAE. By
BEAFRIET 5, BRI G WGATE, BREEHhH
EEBE DA DR E LCRIET D,

TAUTHE LT, AWFSE T, BURSH 9 DR L 72 7E
(B P 23T, T OKIEEZBITS Z ik, ik

JENOZEERREE AT BT 2 T — 2 2 AFTE D
e a e L, mARKEOBGRERE A RIET 5 HikE %
OFRUZ DWW T 2™, BIEORERFRZ BT,
FERMEL T L Tl bl AT 28 I 2 L—a YDA
TR A RD 2 03, AMFZECTIE, FERNEICAY 357 —X
b R 2 b— 3 VAR, SRR AR E
ATV MR %,
2. BENTGA—RDEIRDIENY IC5Z HFE

2.1 ®WKEBETIVHE

AWECIE I ORDORBE-CIZ T3 5 72912,
JHWASY #1:0> FEFLOW 2 U 7=, Hulsii&X % Fig. 112,
MRV % Fig. 2 12, BREWE% Table. 1 1TRT,
Table. 1 |28 L7- BV BRI THEEV Y BE CTh 0 B
FIIHE T BED 1/10 L35, F7-, Fig.3 & Fig.41Z
AT A ABERGEM 21 d, AKHFIZ 13COKE—EN
& 400[m’/ H]C 360 Hfkee L CHKT 2iEHE I = L
—arEITH LT D, Fig 2 \RT X DI, BRI
FUTEA TR 4m, T DOIMANL 10m D A v 29-A XTH D,
BERSME & U ORGSR 2 5 2 DEAITIE. 2 ROBFH:
FORLEH N> T, b lEmE ofing 525, %
7oy AWFFETIL Fig. 2 (R TEEHT 1 OmKHF T IEE
WZRBITDERIRDILN Y 20T OREG ET 5,
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N Fluid fluxBC=0[m/d]
f]f Heat fluxBC=0[J/(m2-d)]
slice | layer | depth(m) | thickness(m) |  classification  Heat 'so’urcé';lvéll 1 0 Heatrsourvce Well 2 | ==} E
1 0 23 Qold-watev well Cold-wgtervwell : E ?
1 34.5 Impermeable layer LS Ao ? 2
2 -34.5 o o | All element k-
2 6.4 Impermeable layer S 2 | TemperatureBC=18[°C]| £
3 -40.9 HE] 2 £
3 16 Impermeable layer ] E
4 -42.5 L|_=. .E.
4 0.4 Impermeable layer T
5 -42.9 Fluid fluxBC=0[m/d]
5 0.1 Impermeable layer uid TluxbG=Ulm
5 3 8 ¥ Heat fluxBC=0[J/(m2-d)]
6 15 Aquifer
7 -44.5 . "
7 5 Aquifer Fig.3 Boundary conditions
8 -46 . . .
2 i Aquifer Fig.2 Plane figure (slicel-15)
9 -47.1 _ Fluid fluxBC=0[m/d]
9 15 Aquifer Heat fluxBC=0[J/(m2-d)]
10 -48.6 e
o i At Table.1 Ground conditions - 5
11 -50.1 = % S Po_o'
11 0.1 Impermeable layer Name Aquifer  Impermeable layer = & it
12 -50.2 - =8 =] Q
12 0.4 Impermeable layer Porosity [-] 03 03 Ao 3
13 -506 Original ambient temperature [°C] 18 18 % % ° ‘g
13 1.6 Impermeable layer 9 P 2 g E 5
14 -52.2 Dispersion lengths [m] 2 2 2E St
14 5.1 Impermeable layer el e
15 -57.3 Volmetic heat capacity [MJ/(m*- K)] 3.18 3.06
- Fluid fluxBC=0[m/d]
Fig.l Ground Structure Diagram Thermal conductivity [J/(m*s-K)] 2.7 0.2 Heat fluxBC=0[J/(m2-d)]
Coefficient of permeability [m/s] 1.73x10° 1.0x10°% . ..
Fig.4 Boundary conditions
(slice2~14)
Table.2 Symbol name
P dimensionless temperature [-] Ry return water radius [m)] CwPw water volumetric heat capacity [MJ/(m?*-K)]
0, original ambient temperature [°C] Ry thermal radius [m] CaqPaq aquifer volumetric heat capacity MJ/(m?-K)]
6;  water injection temperature [°C]  V; volume of water injected [m”] L aquifer thickness [m]

6  temperature at a certain point [°C] n

porosity [-]

2.2 BRUNSA—F DIEDEH

Table. 3 (27”7 & 9 ITHEEV I HUR - AFEHCEN- K= -
BRETIRR « BMRERER 2 r—ARE LR EZIT- 12,
BWPEEIL, FEMBEICRBOTERY 55 & B a2k
M8 FRE LT,

2.3 FE#R

HoKBARAHE 41 B B OWKBNIRE S (LA Y —6~
11 OERREE, BREWIMEEIE Table. 2) 27, $£72,
Table. 2 OFMMEIT G T D% Fig. 5~Fig. 10 |2
~9, Fig 5b~Fig. 7 X EouiE GRS 12X
KB DZERNRE 3 A% 7~ L, Fig. 8~Fig. 10 |L, iR AL
DZEIAE R L TND, 7ok, BFFHHRO A > 2t
A RN 4m TH D128, BUTITFEBLIR D22 AR 23 B <
W5,

Fig.8 XV BVHEAKREL T2 L E—7 OHBIE
IHEE A EEET, B2l E L A D EAmAEN
2o B BRICERT D B — 7 fHOZALIRIX., oA &

IR R & < BEOEVWIEETH D & 00D,

RIEHEE K& <35 LiREAR Y — 27 OHBILEN
B RIS, B2 ENKRE < 2B,
772 UK IR & - K CHERR S CR Y | [BIBRER D
HEWCE Y ZDELTH, BREHEOZE IR 3. 48+
0. 1 FRETH D LB 2 UL, HBLE & ©— 27 HEOZA IR
LTINSV RRTZENTELD,

Fig.9 X0 #HkKEEIZ KX $2 LEEAR e —7
OHBNLENSBVEH P IS O&, E—7MEiakE b
TEFANERALT -, #KEIE S OB IS LT, Bk L %
et (K@) Q) BM) ITOWTEHIEARD S L, 7. 2m
L 4.5m THY, BE—I(EOEIETH S 5. bm (TZD
PSR- LD, EleREREERE L
BAb, FEETHVIREAR E— 7 OHBNESEYRIH
FIOE3%, E—27ENRKE < 72 2EmA BT,

B — 7 (\EOZUIRITRY 4n TH Y | 20m/year DRI
O 41 BOOBEECH S 2.2m LV K& ot
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Fig. 10 {

PEROIR, & 8 USRI IR o 72,

IR DZEMAR 33 2 BBl I D

L. Table. 4 DX 5 ThHD,
6, — 6
90_91'

Vin
nnlL

— heat dispersion length0.5[m]
— heat dispersion length2.5[m]
—volume specific

heat3.0[MJ/(m3-K)]
volume specific

heat4.0[MJ/(m3-K)]

[ 20 40 60 80
Distance from heat source well 1[m]

Fig.5 dimensionless temperature

(Dispersion length and Volumetric heat

capacity)

0.1 —heat dispersion

0.09 length0.5[m]
c 008 —heat dispersion
2 007 length2.5{m]
RS —volume specific
§ go'% heat3.0[MJ/(m3-K)]
2 E 0.05 volume specific
g 3004 heatd.0[MJ/(m3+K)]
b 50403
2 o002

0.01

[ 20 40 60 80
Distance from heat source well 1[m]

Fig.8 Temperature gradient (Dispersion
length and Volumetric heat capacity)

B TEMRERAZ L SR AT,
ME®E®E~7M%kt~7ﬁk%ﬁ§ka%%?\

Ry =
Bhrildd 3. HKE
3.1

SEHI

5’/

)

(2)
A
AL

—aquifer thickness6.1[m]

—aquifer thickness8.1[m]

—groundwater flow
velocityO[m/year]

groundwater flow
velocity20[m/year]

0 20 40 60 80
Distance from heat source well 1[m]

Fig.6 dimensionless temperature

(Aquifer thickness and Pore velocity)

—aquifer thickness6.1[m]
—aquifer thickness8.1[m]

flow

/year]

groundwater flow velocity20[m/year]

o 20 40 60 80
Distance from heat source well 1[m]

Fig.9 Temperature gradient
(Aquifer thickness and Pore velocity)

Table.3 Maximum value of slope and the position of the

maximum value is taken

RN - A TR T B SH

AR FESE

prwVin

NCy Pw

0.1
0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

CaqpaqT[L

T, EREORDY

Ry, = 0.64R
CaqPaq " "

B RIEFEDWRET
REFIE
(2 Ko THAKBAOZERBRE AT T — % HMFH i
LA KB OBV EE RIET 255 2BE L T
BHEFER AT D, 22
R ERENRE A 52 T RVRRS R A B AL Sl
CHZDANIERD S 6,

RIS R

—thermal conductivity1.2[J/(m*s*K)]

—thermal conductivity2.7[J/(m*s*K)]

20 40 60 80
Distance from heat source well 1[m]

Fig.7 dimensionless temperature

(Thermal conductivity)

—thermal conductivity1.2[J/(m*s*K)]

—thermal conductivity2.7[}/(m*s*K)]

20 40 60 80
Distance from heat source well 1[m]

Fig.10 Temperature gradient
(Thermal conductivity)

Table.4 Effect of heat flux properties on temperature spatial distribution

Maximum value Position to take the ANEBOEERHE HIRMIE E-01&
of slope[/m]  maximum value[m] PR A KX <5 P T
Dispersion lengths[m] 05 0.0% 204 BT IS 5 < 1AL
ispersion lengths[m ik RIS INEL e D, HUF KRR,
2.5 0.044 28.4 e e F 7)"5 na, AL, HFAKH ~
AR ERELTD BOKEIE S b LT A gzk}fb\é LT g
Volmetic heat capacity 30 0.048 284 I! A E L,
[MJ/(m3-K)] 40 0.05 274 B ITHT S < AN AL
BRI X (2 hn, E—sEo%ik Kx< B
Aquifer thickness(m] 6.1 0.046 314 BEHERE <5 I, BB D TSR < °
P w v \
81 0.05 244 LRI LY KXV,
INEL BB E— 7 O
Pore velocity 0 0.049 284 BOMEEZRELT D AT, AR, KBRS & 2R
[m/year] 20 0.054 244 HROFBII AR E D,
12 0.049 284 BRI S < I
Thermal conductivity . i - - , BPND, NEOECIEL, .
WARIESZRELSTD K&l b,
U/(m-sK)] 27 0049 284 T R 0 ek

DIFELE L IFIFE LV,

S (2022.3.11)

{Z Table. 5 |Z

FE & e b aE
EONIERZFEE LT oH51kE L,
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Table. 4 % &2, ROFNATRET 5,

1) BMLER L AFEEEIFES T CCRkE) %5
M35,

2) BREFEIIFEEETRRNE L EE AV 4888 &
L. RESGNLERINT D,

3) ByEEA, REAROE— 7 ER, BEfEE 59 L9
[FET 5,

4) #KEE S IHREAR ©— 7 OHBIAE L v — 2l
N, BEfEEESD XOICRET 5,

3.2 1EHEE

BOSERE O B OW T, R TTE KR E &
Fig. 11 IR L, ZOMX % Fig. 12 1T7d, BEfEICBIT5
REAROE—7 NI alb— g 2B 5 1.0[m] &
2. 0[m] DRIDME & 72> TR Y | RIETIE 3) 12 X 0 By
EBRREEND Z W05, WRIZFEETFIR4) & LT,
Fig. 13, Fig. 14 ZHWTHKBES ZFET 5, Bt
i 10[m/year], 20[m/year] DW\TNDGFETH, HiKE
JEE 7.1 ] ANEEARL L — 7 OHEfIE « v —27le b
[CEAE & i bt < 72 o CnD, HKBIE S, SkiiE %
O RE CIERIER U ETe 2 L N TE 72 o 123,
ZEMRE A & O CRET 25A1TIE, [RERZITN
2D ZENHRD &35,

Table.5 Ground conditions

Name Number

Dispersion lengths [m] 15
Volmetic heat capacity
[MJ/(m3-K)]

aquifer thickness [m] 7.1 0o 10 2

Distance from heat source well 1[m]

Pore velocity[m/year] 15

Table.6 Maximum value of temperature gradient

e
o
<

and the position of the maximum value is taken

o
o
=)

Aquifer Pore velocity[m/year]
slope

§
thickness[m] 0 10 20 SE™®
maximompm) 0054 0085 0.058 g %"-"“
61 (0.007) (0.006) (0.002) 3 5003
l position[m] 314 284 284 E E 0.02
(301) (0.00) (0.00) s
maximumpim] 0058 0060  0.061 s oo
71 (0.003) (0.001) (0.000) 0
position[m] 28.4 28.4 28.4 0 10 20
(0.00) (0.00) (0.00)
maximumpm] 0060 0.062 0.066
1 (0.001) (0.001) (0.005)
- 204 244 244
position[m]

(-4.01) (-4.01) (-4.01)

2SR - MR TR T S S
TR R R SRS (2022, 3. 11)

4. £&8

AMFFETIE, K IE N OIREE /547 FERNED MG H i 585
BEFAE LT, wKBEETENREEZ FET 5 FEIC OV
THE LT B S 2 b— g & &2 LB
TEZAT - TSR, PEROEKIEAESLHANEZ VS [FE T
IE, RERRICETZ & O TERWHEKBE S22 T
HBRIERRETH D = & & Uiz, AWFIE T, BREEEh O
PRAVH NI 5 ZERIBOIRFE AR DB afat LT 7,
BRIV 2 M & T B RIE S &R e, BRBSDEAL &
B2 % ZE M OOIR E AR & EHIIN 2 AUT, BREEiH
ICOWTHRIETE DA S D LB 2TV D, 5,
TR LU FETEL IS L GEA L, REREE
MAET 5 TETH 5,

1) BIPEE ZEERET D 2 LiE, RO X Mnb T LBE
HITIAZRODS, DB OB T > T b HKENOZE R
DATEWET D LIFFRETH D LB 2T, AR EIToT-,

—Reference
—heat dispersion length0.5[m]

Fig.11 Horizontal temperature distribution

Distance from heat source well 1[m]

Fig.13 Result for Pore velocity 10[m/year]

B =
AWFZEIL, ISPS FHFE: JP19H02300 DBhEL 5% 1) 7=,
2 & XM

D #as : 2R Z2 B LTI-HKEERORZE- (8 2
W) 9 O E HIXIZRT B ENRIERO TR & B R DOIRIE
i), ZeRFRFnEAE T R imaiim SCEE SR 2 &, 2020 4F
9H

0.1
0.09
0.08

—Reference

— heat dispersion

—heat dispersion length1.0[m] F0.07 length0.5[m]
heat dispersion length2.0[m] = 0.06 *Iheat :ilsl;ersmn
5 thl.
—heat dispersion length2.5[m] 2 005 e dispi’:?qﬁ
20.04 length2.0[m]
£0.03 — heat dispersion

0.02 length2.5[m]

0.01

Slope of non-dimensionalization

40 50 60 70 80 0 10 20 30 40 50 60 70 80
Distance from heat source well 1[m]

Fig.12 Temperature gradient

—Reference —Reference

—aquifer thickness6.1[m] —aquifer thickness6.1[m]
—aquifer thickness7.1[m] —aquifer thickness7.1[m]

—aquifer thickness8.1[m] —aquifer thickness8.1[m]

40 50 60 70 80 [} 10 20 30 40 50 60 70 80
Distance from heat source well 1[m]

Fig.14 Result for Pore velocity 20[m/year]
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Developing a rating system for cool spots in urbanized area:

analysis of descriptive evaluation by subjects

Odt Jil B m CRBKMSNEKRE)
s B R T (RIRMYLKRS)
Hinata KITAGAWA® Kana MATSUI™!

*1

Minako NABESHIMA™!

o F AR RN KRS
[ = -GN A TRV =)
Masatoshi NISHIOKA™!

Osaka City University

This paper conducted physio-psychological evaluation experiments by subjects to improve the evaluation tool developed

by Matsui et al. which is expected to be an effective rating system for cool spots. Descriptive evaluation was analyzed by

text mining using software called KH Coder. As a result, it is shown clearly that the comfort of the amount of greenery

depends on the management situation and that the presence of pests has a great influence on the comprehensive evaluation.

It is also clarified that psychological evaluation, which was rarely incorporated into cool spots evaluation, also affected

comprehensive evaluation.

[ZC&HIZ

bE— 7 A 72 RBIGIE, A A eI TS T
L, NORERICREZ KIEFLTRY, E— 7 A 72 N
FNZ T TR BR OB T E > TS, F, IR D
BLEO OB — R T A T2 RBIBRIZ K D A~DOR B
KDO—oL LTI —NARy FOAIMRZET HD.

RS VIR COBEDOEmN T — VAR Y OB K
ZHBINZ, 77— VAR hORhE LRI FIME % 5 2 FE
filh + 4R T DMLY — LV OREE T 7. FHMEEA I
(DR L S Z RT3 Pt (1) HE 2 & L C o<
FERY 7R BRI A R 2 ReE (0D S L AR HO L
T S AT A S ED 3 SORIER &, FOHD
9 SO/NEH THEL S AL TS (Table1).

A HOFHNE 5 BFE TV, BB IZRT S
7Rl A 3 S & LT 1~5 S0iHliE A B2 5. A EH
1, FHIlSICIE E OBREAREE INE L CRH S D1 A
RIZE-oTRIET 5. KHHE OGN Z E11~E32, KIH
HZ Lk 2555 % S1~83, KIEHOEAZ wi~
w3, /NEHOERE wil~w32, HERET L4568, T
I% Equation 1~4 LW R Shb. iz, KEEKONA
HOBEADRMIZIX Equation 5, 6 DBIRANLY 7.

720, TV —U3H S UDIEE S D E BRI
B ATREZ2TE H DA THERR S CNT,  #BE ORI 5-
2 HMOBR % A E LD ATREMN 5.

= ZCARRTE I, R OBl A ST S 726
(IR S MER L2 a |l Y — W SRR a2 & B2
FHIEE H 2N 2 CHERE ER ATV, ZONHTEm LT,

BEFORHIY — W HGER R 2T 5 Z E 2 HE T 5.

Table 1 Evaluation list

(1) B
i )RR RRIEIRSETHIC L 2 AR IR L & - Bl En Wip
ii)E=E FRICE 2 O0EBNAELE - REk Eip Wi | wy 5
iii ) 28Kk 1% KEUEOEEICK D LENRL & - REE Eis W3 '
iv) B L HRLALOBEALD L& Ei | wy
(11 )#aEtE
i EERKR HEEECERRRIC L AHERBED & & B | wa s
w;
iEBEE BEEENS X Eo |wa | |
iii ) ARAR R O —ILARFy bDEE Exs Wo3
(D=4
BT 7R | AEZBEBEISDT I EADEE Es; wa | ws S5
i) DS MERRLEN DD T I LAD & & Ex | wa
BmEx T
4
5 = Z(Eu‘ X W) X wy Equation 1
1
E
S, = Z(E:I- X W) X W, Equation 2
1
S; = Z(E“ X W) X Wy Equation 3
1
T =(S, + 5 +5;)/(Simax + Semax + Ssmax) X 100 | Equation4
Zi“’:‘ =1 Equation 5
Zi“"li = 2?,“"2:' = 21\,\?3:. =1 Equatlon 6

1. HERERERIC K HFHEER
BEFORHY —/ 2B, &, AW, IRBMERDLO 4 1]
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HEF LB F£72, BEFORMEY —/mziB W\
(D) R L & Z 34 2 Pt & v o) KRIERIZET HIEAE
(EHH 1~18) (2 TPt Ml A 800 U7z, REEFHmIC & 5
FERZIE S -0, ORI LA ME AN L. R
NOFHIIE H % Table 2,3 (27579

Table 2 Scale evaluation items

Primary item : Comfort 14. Green amount comfort

1. Feeling temperature | 15. | Hydrophilic

2. Feeling temperature | 16. | Hydrophilic comfort
comfort
Feeling humidity 17. | Creature

4. Feeling humidity 18. | Creature comfort
comfort

S. Insolation Primary item : Functionality

6. Insolation comfort 19. Congestion situation
Air flow 20. Congestion situation

comfort

Air flow comfort 21. Management status

9. Odor 22. Seating device

10. | Odor comfort 23. Scale

11. | Sound

12. | Sound comfort Comprehensive evaluation

13. | Amount of green 24. | Comprehensive evaluation

Table 3 Descriptive evaluation items

25. | Odor 31. | Amount of green

26. | Odor comfort 32. | Hydrophilic comfort

27. | Sound 33. | Creature

28. | Sound comfort 34. | Creature comfort
35. | Impression

2. HEREEROUE

FBRIL, Tabled |3 KRBRIFRIR ALK kg H <7 ¢
JERAD 4 SOV —)V AR TS5 HMFEE L. #RE
VR T N R MR B F S0 28 & KPR RS IR BE
WIS THRFE - RKEBZE 134 Th Y, BEA
BTOBMENRBY, HR20 NSYDOT—Z 2157, Effi
HOFEMIZOUVNT Table 5 (27T, F-#8RE O TR %
Table 6 |27~ BBRE L HIAIC 15 9B EOH%, &7 —/V
2Ry MIBENL, 15 08T 5. Zoffax 1ty b
L LT, FRIEFEIZ2 By b DIT). KT —ILARYNC
BT, 15 535 EERERE ISR AT 5.

3. FHEFER DT

FTOER - ABEHIWAE RO T E AT o 7o, STt B
AEFSGENM Uz 4 THE 2 & T REE (D 3 L S 25l
T HPEMEIC R T HHE THDH. DI L, HE 1~8 1%
ERRICET 2T THY, %< OBFENZE Y TR
& SET*OFEBABIHRZ: ENB LM STV D T8, 4la]

ZEARFTN - L TR AT 8 S
TR R R SRS (2022, 3. 11)

It & L.

THH 9~20 (22T, BUKME & IRMERIU T OB A EER T
il & PRamE R BRI B D = & ANy T, FD
729, BFEOY— L RRICEERHMNEA TE 5 &5 2
BV, £ 2T, DB & Pt Em SRR RS S
ool By, &, ki, IOV TR ©
BT AT .

FEIREHI DO SHTITILIT A b~ A = ZITxhs L= Y
7 =7 KH Coder? % 5.

Table 4 Features of Each Experiment Site

(D Oyodonaka Park @ Shin-Satoyama
il %7 -,"““ ’. s i‘ 7

Picture |f

” t

e P T
Trees, pergolas, playset, etc.
are maintained. It is slightly

larger than the average size.

(@ Wonder Square

A space planted based on

Satoyama. There are many

trees but it is relatively open.
@ Chu-Shizen-no-Mori

Feature

T R
fm
e

Picture

It is sandwiched between two '
buildings and is well-

to the medium forest. There

Feature ventilated. It has a long time are many trees and waterfalls
behind the building. and rivers flow. (B1)
Table 5 Details of the experiment date
Highest -
Date Weather e Participants
8/11 | Cloudy after fine 33.0°C 3 persons
8/16 | Cloudy after rain 27.9°C 5 persons
8/24 Fine 324°C 4 persons
8/26 Fine 33.5°C 4 persons
827 Fine 34.1°C 4 persons
Total:20 persons
Table 6 Experiment itinerary
20min | Smin | 15min | 15min | 15min | 15min
- 4 172 %) v 172
g S| BlaElgd |8 |g2
5 = | 2 |Es g5 |E = g8
=9 Q R = Q = Q
S c g g g g

31 HFEDOWEMEIZ DT

BBRE | X DR OPEMENAFLRORE S & Table 7
R PEMER R OFE RO, KIGHT % Fig (25
T FETo, FEEROPEENAFLR OSSR & Table 8 (TR
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U —7 X% Fig.2 (T~ SN oI, EEAR
JB ThDHYGE, PEtEHE< 720, ST by,
ELV kR Th 55, EOPEMEIEm <78 d 2
L, Ry NI KN GIE EEARRE THDHE,
“C VY S EHl & I EBIRS E < e T &, [HE
HESNTWD | BAIE, “S HEFICRVNY 2 “A By
&N BTG & SRR E < 72D Z L SEEAEULS.
ZNEDORERNG, FHEOE BRI TR &
AT B E B2 5 Z LN gh5D. Lo TRED
% SPSNCZ O BRI S TN 2 2 B35 5.

Table 7 Evaluation scale

Comfort evaluating scale

3 very comfortable
2 comfortable
1
0

somewhat comfortable

neither comfortable nor uncomfortable

-1 somewhat uncomfortable
-2 | uncomfortable
-3 | very uncomfortable

Table 8 Evaluation scale

Comprehensive evaluating scale
very good

good

Not good or bad

bad

Q|| > »n

e RRBUHHETD

o

AR
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H4y2 (0.3247, 35.65%)
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1
531 (0.401, 44.03%)

Fig.1 Correspondence analysis chart
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EFHDENY —ILARY bEXRFRE LIFHE S R T LDRAFE

D2 HEREARRICK HFHEEE DETE L EARBOIRE
Development of Rating System for Outdoor Cooler Space than Its Surroundings in Urbanized
Area: Part2 Selection of Evaluation Items and Examination of a Weight Coefficient by Subjects

Ot & (RIHNLRE)
i BT (KRB RS)
Kana MATSUI™?  Hinata KITAGAWA™

e B CRERHINZRS)
vale]  Hka CRBRMINZRS)

Minako NABESHIMA™ Masatoshi NISHIOKA™

*1 Osaka City University

In recent years, urban heat island phenomena are likely to increase heat stroke damage. As an adaptation measure, we

are encouraged to use and create a place where people feel cooler than the surroundings is called “cooler space”. This

study aims to develop a rating system that easily evaluates the effect and utility value of cooler spaces as an adaptation

measure. A subject experiment was conducted to improve the evaluation method that we proposed in 2020. As a result, the

correlation between evaluation by subjects and evaluation by the rating system has been stronger.

[FC&IZ

T L QD B — N T A 7 RBIBIZ L 0 #BHTED
DO b)stEL, ZORE L U CAERE I L T
Wb, BE—F7A T2 RBIG~OEIGRE LT, BEHER
BERP RN TN S NGO D2 130 &, il
FOBE LK L D505 7 — VAR Y hEFFD, D
B ERIANHEE S TG, KRR 7 — VAR
v NOAIICHTZY, WK E L TCORRE @S
UAYRE T 5 FHEORNIIEE ChH 5, HES V1L, 7
— VAR FORL S 358 L TOBINTOWTEHE L
L—F—F v — NORTHEZR LD, FHEIHRS
WX DEBRLOTHY, Fiz, HE L TORSEIT
BT Z LITFRETH DD, T U 7NN TE M
DELPFIZNN, b= T A T2 RRIRONEEFE
LT v 7B ARG M A7 & & LTI
CASBEE-HI? 733573, ZAUFBEERES R OFERENE
DEREIZ L > TGHIZIT Y O TH Y, FERHE
DOFEFERBIEEE DMK T % B2 EREE 00 F2HS 5L 4 F
TeR AL TR (2 OB BERE R BT ORI
DV TERMNIHEES N TN D HDIEZOA, ZhRMRRE
STV DRREINZEAT D T L HATEDI %
BHND LIFRLT, FEERICRLSEZK UL LR T
HEFTE U CGEHEd 2720121, {E4 O#tS CHREET 2
VERSHD, 1z, S Y137 — ARy hORES
ZRIFRIG & UTg s A7 L (LA, CSLsys-G1 & #29)
DR EAT- T, BWIPREMEDIT)S, B ERED L S &
SIS O W THEARIZRHET %, FIREZRER Y &8l
H) « EERRFHIAN FTRE & 72 D HEHE & AV TR S 7o il

FiEEER LTS, £z, KHEEICEHER & EARE
ZRE LIREBIRIRIE A2 T T U 2 R ATRE T 5
RERHRET 5, UL, FHlis AT A2 X DFHlRE R
N =)V ARy FOFIHE O L —Ed Db noTz
BERENC X DL IEOBRE I T TRy, FHIETEH
13 L SRS 5 TE B R0 WA Al A IE H AT
RSN TEY, WREZEMICOWTEHMET 2E B ITIE L
AMEGENTWRY, F£7-, FEHA ORERMAEIT %
W7 v r— bW R EAITEC LV B S Tn s
DS, —RPHET i — N ORIRENVAERIR O 233 B
L7 E, T AT LD E @D DT O DUGEDR
3D,

Z ZCAMIZETCIE, R SR A i L CSLsys-G1 |2
OWNTHERE LRI AT A X DA L —F s+
2 7o DFHITFEIZ DWW COBGEHRR ATV, A2
PEZEDT- ) 2 TRl A7 & G2(LAKE, CSLsys-G2 &
09 OEAZHMET D, 2T, AMRICBWTE
I — VAR kN EZEORIVERIC B TR R
B, FE VST BRERIC I Y FD LD L <
JE U ERFRITSEIE 2 TR DT BT S,

1. BEREEER

P S AT ML DRI 7 — VAR > MRIHE O
RE—HT2ME IDREET DICHTZY, AT &
T, Z7—IVAR Y MR THERE R Z F2hE L 7 —
JVATR MRS 28R Tl A 157, RO 203U,
ZEROBNNTZFENT 20 /3 E%, HinE 7 —/V ARy |k
FNEITHE LT 15 fEE Ly ML, Falfe F
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%Iz 2 v FO1T 9 (Figl), FHEANEITDZ —/L AR
v MZRD 5 H OCMERLIZ DU T < —kbbie T >
— FQAEID 4 EHTD 27—V ARy MIOWTORHEZ
M < BIHEHE T > 77— F@HAIDER & K7 — VAR v
MZBIT AEEBERSEETH D, Q@07 > /r— MMAH
% Tablel |2~ 7, 7 27— M &I BRIMREGEE DIRH
ZIRFE « WP - KUK - BEERO 4 SOEHIZHHEL,
FNEOHAZEBWCHIRMERHE DA E L=, @T
ISR - FECHIEE « JRGH « SPEEIHERREEIZ DT 1 45fH
Bmf/ﬁ']m%ﬁb Y, FEACE 05clo, fRETE 1.2met & L CTHE
YEAZMERE(UAT, SET* & NEHE T 5,

Sit for 20 minutes Sit for 15 Sit for 15
in an air- Move minutes minutes in
conditioned room in the sun a cooler space
> = fh o §
- 1set )
Fig.1 Experimental Flow
Tablel Questionnaire ltems
Paired ; ; -
: : Evaluation questionnaire
ST 7S q%%?t?gr?:;)i? o of the experimental site
. Evaluation

(DAmenity Porti Scale
i)Feeling temperature
(Temperature, Humidity, O @) Pu 9-step
Air flow, Solar radiation)
ii))Amount of green O O P12 7-step
iii)Hydrophilic O O P13
iv)Wind*! X X
(IDFunctionality
i)Management status O O P21
ii)Seating device O O P22 7-step
iii)Scale O O P23
(1) Location

condition*?
i)Traffic access O X
ii)Sl_Jrrounding o %
environment
Total evaluation
i)lmpression Descript

. X O A

evaluation ion
i) Total evaluation X O Pr 4-step

%1 1t would be difficult to distinguish between the feeling of airflow
and the ventilation at the block level, so we excluded it.

%2 The location conditions for all cooler spaces are the same, so they
were excluded from the evaluation.

2. FHEFEDHERE

CSLsys-G1 (22T, HBREFEBROFER A S B I THR
FiHlG & RS AT ML DA L —HSEHT-D
D 3 ODUFERATU N CSLsys-G2 ZHERT 5, AETIL3
DOBENFIZOVTRT,

2.1 FHfizE B oiEnnisEEt

CSLsys-G1 TlE, 7L SI2RY U CAEFRY - DFRAY7R%)
RGN DT H OO 2 3l 5 5 H O A CTHERL
STV, 22T, FiclTiEZEmZ 7 1 2B I
DVWTBIITRENE S DO AT 70, BNk
THIEAL, REMEOEE T kv 5 W),

/z’%nﬁfu fIEI'?%JﬁE%i*B
AT S (2022.3.11)

FERetEOIRE CIx NRMEE ) CThY, ZhooEBICK
L CHEBHEHET > r— N &1To7-, FHIEE OB
JEDHIWHTIE, — KD TGS & FRHEHE 7 o A —
MEROEEYFREE VW, 22T, BEERETAE
N1OEYHET D, KO EMEELTIE, 77—
ARy MZRD 2 b OCMENOAGERLS S S 7 fE &
725, —HEBUFOHIC L DFERIT, EEKZ 7 —L AR
v NMIHHE U CEHEEM 2 F8% U7-IH H 2SR A3 Mo x L
THADOBWERHER L 225 LB 2 Bb, T
FaEBET 570, 2 FEOHWHEEL T T\ D,
| Pr=aPu+b-Pp+cPi+- [ 1) |
(1) —xHEROEAMRFIUAC K DR

— XD LRI L DTS, T >
— hEZE L7 — VAR Y MIRD BB IZ OV THIR
HOBREME AR T D, TORMEE, EAMRENRE N
HEHARHTAZ & L35, Puilh Rk OBEREME O EA4R
BOBMRER % Fig2 (T, PuElkomEE TlE, Bl
\RRETT 2 EE OBEMAEITIETLU0%LL T L7220, K&
WS AER IR o T, BEREMEOIEE T TR
HMERE ] OFEAN 20% & B2 2 FRICKELS oz &b

b, NEMEEL) OB ZBINT 2 &k 5,
Amenity Functionality

Smell 5%

Fig.2 Calculation Results of Weight Coefficient

(2) HEWREREIZ L DT

BIHRFAT 7 > o — b TS B = siala M A B < GEAMRS
K&V, BEE O P 23 ERIZ, BETHlOR:
i Pr 292 e U CERIF T 21T o7, X
NT-ERIFREE LY, RS RKEWVEADDIAICIEE %2
BML AICERMERERE 2 FHH T 5, AIC IXHEE
KOYTIFEY EERIHETHY, VI A X
ERBIES O, A A ALTR2 KRS
Nd, ZOMEHPNNIUWINEELTTE Y EREVEWV D H]
Wi T&, AIC A b/hE < 72 BT E OMAGDOEITE
FNAIEH ZBIT 5, AIC ORI % Table2 (27,
IR IR b R E D72 Tk & 48] 25 AIC
R UAARYD, (RESKRE WVIEICIEE 21800 L7245 5,

Nk ETEIMLZ 8 THHDKFD AIC 75 109.6 & fix
HNEL IpoTz, Lo TZOHEBOHABRDEIZEEN
% 14w Nz OB ZBNT 5 &2,
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AIC = n{log(Se/n)+log2n+1}+2(p+2) | (2 Weight coefficient between Weight coefficient between
n: | Yo7 A X major items Location conditions
Average ( Student + Expert ) Average ( Student + Expert )

p: | SO

Se . &%;quﬁ ﬂ]

Table2 Calculation Results of AIC

Evaluation
Items Alc

Amount of
green

Creature
Hydrophilic
Air flor
Temperature

Management
status

Humidity

Solar
radiation

2.2 BEAMREBOBEH

(1) FHREEE

LRI X T o — N OFERD DR TR
(CkWHEHT 5, CSLsys-G1 Tid 11 44 D REPHZF (L -
P - TERIOWFIEE 5 N, BREETEDITE 6 N) & Xxi5
WX > — N2 SE L TR Y, Fr7em 0 2
bolz, AlENIRAY VEREIZ 31T 2 EAMRE A R
B, R LZLAEDT o — MER A S T-EL
OB A ToT-, 12771, 21 8B L7-3EE %
ETERMAINT, FAEDINT L > TEHH SN-HEMREK
ThV, RECIIRER ENLHGIEOEE OBREAMFHIC
DONTDHIRT, BEMEEIT g7 > r— Mok b
T H M O—%flgfE R a2 19~9 F TO—xf il o2
L CHHT %,

(2) FHRER
BIMFHOFHFERZ Fig3 (R, KEHMBOER
RE0E, FALEMRICL AT EAERALNT, ®
TMETHI 60%H11%, FERENME TR 18%, SIHIZRHT 20%
At & e ole, STHIGFOBEIMFIUTHOWTIL, FAL
HZT (@7 78 A L0 [JEIEREE) OFNK
TN EWV S KR NERIT B L7 EADRKE ST LT
TR BV, AR THEE T 5 CSLsys-G2 T
XNV LT EAMRS T2 2L &35,
2.3 BIBEHOFHEHEDLE

T N L DBHEHH T > 47— MW T OHTHE R
D5, HTHH OYERE TN & WELEE 2 & % O TR
VAT ML D ERRHNN—ET D X ) Rl i
L7o, PHiiFEAHEE, et Lcm B, gofilashnt
TFHEAbES REIREE] DBUKME) Tkl 441 T
B NEMEE) O6IHHETHD,

MARGEE | OFHmZ VT, CSLsys-G1 ClidHIA &
7 —)VAR Y MIBT HHEIREDOZEIC LY FHl 21T 5
ZE bl L, PHMIEREICI R SR SET 4 FVv T

Student Student

Expert Expert

Fig.3 Calculation Results of Weight Coefficient

72, CSLsys-G2 H[RI U HIETRHIATTH Z & & L, FHf
ROMT DWW THRET %, CSLsys-G1 TIIBE AT
729 X D IRMIES 1 B72 HIED SET* D773 22°CTh D
LWV FEREZBZIT 22°CH A CRIMISZFR T T,
ARl O R TIHIRAS 1 B 5850 SET* DN
3.76°CTh -7 Z Lk, BHEE & AR DFEHRE R D
SEEEAE &V CA B TR REZRET D2 & T D
(Table3),

Tk ORHIZOUVNT, CSLsys-G1 TIIHkHRD I
kDRI TECTH -T2, Lo, dWIoSHERL Y
ok & AR L ORI EBERIRA 2 B, FRED
2% SITPEOVVEID L\ OGECRRDE BN DY e, TR
PIHEL 72D, 12, A0S S TPuiEr:zs & & BRN
RN Ei3bhole, &2 CREOFHROHIZAE
W) L EERI ORI A G DD Z L L, FHEOEE Rk
RIZIZT TR EROFEE - FROE PRI Z TN E
BT A2 & ET 5, £, MBRWEATHARRIC
JEU7WMEAIN R DD 2 E D, SN 35%LL FD
Bt O A TRZ2FHI TH D 3 e L7129 2T
EHMRIL & E RO XV ESLETT O (Tabled),
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Table3 Evaluation method Table4 Evaluation method of
of sensible temperature amount of green
Difference of Evaluation . Evaluation
SET* PointPy | Creenvisibilty | ‘poinip,,
0.5~3.5°C 1 1
3.5~6.5°C 2 2
6.5~9.5°C 3 ~35% 3
9.5~12.5°C 4 35~73% 4
12.5°C~ 5 73%~ 5
If the green management status is
bad, -2 points
from the above table
If there are pests, -1 points
from the above table

3. FMfiZ A MEDIREE

CSLsys-G1 & 3 DA Jif L 7= CSLsys-G2 (Z L 5k
GRS, HEREIC L DRI & EORRE—Brd 2 HEE
BfRASRDTz, MEFHIORIZIHNT, FHliv AT A
DFHIEA 34 TR SN DR T, HREIZL DT
M BRI T > 2 — b O G 3TH % Tabled D & 9
WCRHMES PrICB L= b DR HWD Z L &L, ENEh
A LT 5 % CRIRMEA R D, CSLsys-Gl 12k
DIFRHE T LRI X D5HMA Pr & OFABIEIRA K
25 L5 DEYFD MG H A7 (Fig.d), FHEIRENE 0.235
LS YR LRI AT A K A FEBERIRIZTA -,
BRI L D CRHMIiDFR=ITm <, S AR EA5A
RNMERNTZ6, BT 3V B OFERITEOD IS0
fEg Lotz —J7, UGEEAT- CSLsys-G2 |2 L 515
RRT CHEREIC L DM Pr & OFBIRER A RO 5
&6 DIEYFAD T H L7 (Fig.5). HEIHRHIE 0452 & 72
¥ CSLsys-G1 |ZHb~THBIN SGE S vz, R E 08
m, ROGFHEFHEDBGEET o7 2 & TRARIZ L vk
B OMETHI A L RBITED L) IToT,

S = Ejx wijx wj (X3)

T =S/ S x 100 GX4)

Ei: | & HOFHIA(NL~5 &)

wi : | /MEH DERE

wi @ | RIAH OB

S: | BRRDOETE

Soax | 2 AN O,

Table5 Total Evaluation by Subject

Total Evaluation | Evaluation Point Pt
S 4
A 3
B 2
C 1

4. F&®H

AMFFE Tl CSLsys-G1 25 3 DDOekE% it L7z,
1) EAREOBREH

BHZZI2F Cle < FAE B E O TZIRIR R L 5
HEREROR AT T2,
2) FHmEHE OB

Nz ) T4 NRMEEE ) [2 oW CGBEIEIED

RRRTEAT, N2dsW) T4 NRMEE ) OfHliZ B3
RETHDHHW ST,

logeT =0.0781 log,P + 4.2683 GL5)
logeT =0.3339 log.Pr + 3.8446 (= 6)
s C B A s
[ ] [ ]
‘o | I —
. [ ] [ ]
2@ L] L ]
L ] [ ]

y = 0.0781x + 4.2683

Correlation coefficient
0.235

Evaluation T by CSLsys-G1 logeT

Evaluation Pt by subjects IogePT'
Fig.4 Relationship between Evaluation Pt by Subjects
and Evaluation T by CSLsys-G1

[ N ) .ﬁ,‘o o
e o.o"-o-.;b
» smew

y = 0.3339x + 3.8446

Evaluation T by CSLsys-G2 logeT
L 4

Correlation coefficient
0.452

" Evaluation PT by subjects logePT
Fig.5 Relationship between Evaluation Pt by Subjects
and Evaluation T by CSLsys-G2

3) FHH ORI EDUGE
MARBUREES ) DBUKME) Tk T4 Nk NEAHE
FE | OFHBAEZ OV TREE1T - 72,

CSLsys-G1 (22T, R 7l 4 FHV N2 25 DR
AEAEAT o TG R, WBRE S X DR A TH Pr & RS AT
DR DFFRERT & OMBIREIT 0235 L5532 &35
MoT, UL, CSLsys-G1 H % iz 7= CSLsys-G2
WZOWTIE, FHBIBSGRDY 0452 £ TR 72 0 FHET A
T EADOZAEEREDDH Z LN TET,

& E XMk
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H AR IR 4R, 18(38),p341-346,2012

2) FER=5: ve—TA T2 NEEECET DM A
7~ s CASBEE-HI DBIF&-A S A T L OFA A & IR
EREYOHE), HARBEE P EMREE, H 23
5p247-252,2006

3) MHELRDL TR — NV ARy Mgl LiziHh
AT AORAFE &, B ARSI ST R R
42,60 %, pp.69-72, 2020
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A study on the characteristics of nighttime temperature distribution

in coastal cities affected by sea breeze

O = 2 (HFRFE)
Mai NINOMIYA*1

Pro#k & B (FE R

Hideki TAKEBAYASHI*1

*1 Kobe University

Many studies have been conducted to grasp the actual condition of heat island phenomena. It has been confirmed that nighttime

temperature is affected by land use and land cover within about 300 m around the observation point. For the mesoscale temperature

distribution, the findings of previous studies using the observation data at a few limited places is not necessarily applied. In this study, we

calculated the nighttime temperature distribution in urban space using a mesoscale weather research and forecasting (WRF) model, and

examined the factors affecting the temperature distribution in urban space.

1. [XC&HIC

bE— R T AT RS, FRCEFOEMUIIADOATR
SO RA R B R B2 D7D, A=K LRERE,
BOWREE B E LIEZER 8 <ThbnT& . &IH
ORI, BLAJEL ORGSO B R R OB 2 %
52 EDERSILTND D23, JE 300m FEEELIN G
P72 ORI « L HE ORISR TH D, MG
B 1km FREED 2 Y A — IV OKIRS i EAET D &, [R
SV ERTOBLIT — Z12 L DTFE RN S D=5
REWEATE D EIFBRS 220,

AIFFETIE, AV AT —ILOKEET VAR L TEH
TZEMNORMOKIR A % 08T LTz, BEAERIE & [Rlkk
(2, ORI « s & IR OBIRE T L, Bz
WNOKIRIAN % RIET RN BER LT,

2. AYKREETILIRF DEE L SHEEG
2.1 AYKRRETILWRF OFE
A AT —NDRGET /L WRF (Weather Research

& Forecasting) (%, KERGWIFEE % — (NCAR) 72
EORFFEREBEINC & 0 BARE ST 52 BT O IR e T
VT, IR, EENGRRE, #E0X, UART
T VA BARTTE, A T —REUR & O S,
HEIRR S D FRK I EHITEERUVAEAE. (n JAEER) RIT K> TRtk
IND. MEFEMITOBSIZ, HEFRmEmEiE & K5 iR
FRIT K= TR DI, TIRBESRSRIEDERE S 5. ARl
%, () WARRERBT DA N — R x=Fr D
TAZYE—=ay, (2) @K 5L dmfoHE A
B, B) ¥/ BE—RBNOER YA v R a7 7 AL,

(4) EARim, B, BRI S OZEEET A RN
& 2HEMF v/ B —FT /L (UCM) ZAllAiAte Z & T,

B K-> TR S o iR E QMO e BT 5.

2.2 HEEH

AWFZEClY, WRF version3.0.1.1-ARW # v =, &
BEME2R VITRT. FHESIMIZ 201048 H 1 H~31
HE L FHEGisE2X 1 \ORd. RAT 47 F
%% T Domainl, 2 Z#i%7E L7~.

iy /=870 (UCM) T, #biiz 3478 %
THRETHIENTES. ELEEFRICHBOCHT &
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Table.1 Calculation condition

Calculation period 1-31,August, 2010

Vertical grid 28 layer (surface-100hPa)

Domain1:3km (120x120grids)

Horizontal grid
g Domain2:1km (103x103grids)

JMA:Meso-scale Analysis (3 hourly,10km grid,20 layer)

Meteological data
eteclogical aa NCEP:final analysis (6 hourly,1 degree grid,17 layer)

Terrain height |Digital Map (50x50 resolution)
Digital National Land Information
(about 100x100 resolution) + NV

G hical data
eographical da Land use

Microphisics process Purdue Lin et al.scheme

| Long wave [RRTM Longwave scheme
| Short wave |Dudhia Shortwave scheme

Radiation processes

Planetary boundary layer process  [Mellor-Yamada-Janjic PBL scheme

] Urban area_ |UCM(Urban Canopy Model)
[ Non urban area [Noah LsM

Surface processes

Cumulus parametarization None

Four-dimensional data assimilation  [None




Urban C
B Urban B

p Grassland
m Mixed forest pu Dry cultivated land

Irrigated arable land
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Table .4 Criteria of sea breeze day

Wind speed 2.0[m/s] or more
Wind direction West or West-southwest
The time that satisfies the above two conditions
hour is 6hours or more per day after 12 o’clock

Water Brren or sparsly vegetation g Urban A . . .
- - Sl Table .5 Bias, RMSE, Correlation of temperature and wind speed
Flg.2 Land use condition T ¢ Bias[°C] RMSE[°C] Correlation
eruperature daily |nighttime| daily |nighttime| daily |nighttimd
Osaka -0.05 -0.17 0.33 0.23 0.91 0.83
Table.2 Physical property for each land use classification Kobe 008 | 014 | 045 | 031 | 088 | 0.81
Sakai 0.32 0.78 0.68 0.82 0.90 0.82
; Toyonaka 0.21 0.37 0.41 0.42 0.91 0.83
Evaporation|_ . . . |Roughness R

USGS Albedo efficiency Emissivity| Jength Thermal inertia Yao 0.81 1.00 0.90 1.02 0.91 0.86
Land use code Land use [%] [9] [9] m | [Ky/miK-s*9) Hirakata 0.51 0.89 0.77 0.92 0.85 0.78
1 Urban 15 10 88 08 1.26 Kyoto 0.37 0.52 0.44 0.53 0.91 0.87
2 Dry cultivated land 17 30 98.5 0.15 1.68 Nara 1.58 2.30 1.82 2.33 0.88 0.84
3 Irrigated cultivated land 18 50 98.5 0.15 1.68 Wakamatsudai 1.32 1.91 1.60 2.07 0.76 0.51
L ;ﬁ;ﬁ:ﬂ ;2 = gg 332 i;g Kishiwada Central Park | 049 | 019 | 106 | 0.72 | 0.87 | 0.80
9 Mixing 7 and 8 20 15 % 0.06 126 Nishiwaki -0.70 -0.49 0.97 0.52 0.91 0.77
1 Deciduous broad-leaved forest | 16 30 93 05 167 Sanda -0.12 | 0.00 0.68 0.24 0.94 0.85
13 Evergreen broad-leaved forest | 12 50 95 05 2.09 Miki 0.26 0.12 0.41 0.23 0.92 0.82
14 Evergreen coniferous forest 12 30 95 05 167 Gojo 1.33 2.11 1.70 2.16 0.84 0.56
15 Mixed forest 13 30 97 05 168 Katsuragi 0.11 0.90 1.09 0.94 0.94 0.83
16 Water 8 100 9 | 00001 2.52 Wakayama 0.08 | 012 | 035 | 021 | 093 | 0.90

18 Woodland swampy land 14 35 95 0.4 2.09

19 Barren or sparse vegetation 25 2 90 0.01 0.84
Wind d Bias[m/s] RMSE[m/s] Correlation

nd spee daily [nighttime| daily |nighttime| daily [nighttimd
. Osaka -0.22 -0.02 0.46 0.20 0.70 0.69
Table.3 Physical property for urban category A, B, C Kobe -1.04 | 081 | 1.13 [ 090 | 0.66 | 0.58
Sakai 0.24 0.35 0.41 0.40 0.64 0.48
Dimersionis| B0 | Buiding [ Wall | o ond At Toyonaka 024 | 009 [ 055 | 044 | 0.66 | 0.69
Urban cat '"‘;rfz%’” S| resistance | volume | %' SU tfme evaporatio| e oo | AN ’;1"’°t‘3 Yao -0.89 | -0.49 1.10 0.55 0.61 0.50
roancategory |2 B9 \coetficient|parameters| oo e | P evaporation | S e Hirakata 078 | 1.07 | 087 | 111 | 030 [ 031
height[-] efficiency[%] | efficiency[ | . [W/m]

gl [m-1] %] efficiency%] Kyoto -0.23 -0.13 0.42 0.34 0.43 0.08
A 0.5 0.1 0.4 0 0 0 90 Nara 0.46 0.62 0.53 0.63 0.36 0.25
B 0.4 0.1 0.3 0 0 0 50 Wakamatsudai -0.03 0.02 0.27 0.22 0.68 0.46
c 0.3 0.1 0. 0 0 0 20 Kishiwada Central Park | 054 | 0.96 | 0.78 | 1.00 | 055 [ 0.55
Building | Roughness length of | Heat roughness d?::gzt; Sky factor Buikin Nishiwaki -0.70 -0.49 0.97 0.52 0.91 0.77
Urban category | height momentum on length on the P ot (initial | ?"v] Sanda -0.12 0.00 0.68 0.24 0.94 0.85
m] canyon] canyonlm] | g | VREI6) ' Miki 026 | 012 | 041 | 023 | 092 | o082
A 10 1 1 2 8 50 Gojo 1.33 2.11 1.70 2.16 0.84 0.56
B 75 0.75 0.75 15 56 50 Katsuragi 0.11 0.90 1.09 0.94 0.94 0.83
¢ 5 0.5 0.5 1 62 50 Wakayama 0.08 -0.12 0.35 0.21 0.93 0.90
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Fig.6 Relationship between NDVI and observed and calculated values
of temperature at observation points (6:00 on August 22)
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Fig.9 Relationship between wind speed and wind direction,
SEGR and relative high temperature area (24:00 on August 15)
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SRBEECERICEITHIRK[EDAIE & CFD fZiT
Observation and CFD Analysis of Air Quality along Roads with Viaducts

Om & & KX B (KHKR)
R B A (R
Tk I ONTNED)

il HE e CRBRRS)
iy < ot (ORBROR)

Yutaro TAKAKURA*1 Masaya NAKAGAWA*1  Tomohito MATSUO*1
Hikari SHIMADERA*1 Akira KONDO*1

*1  Osaka University

In order to accurately evaluate roadside air pollution, it is necessary to take into account chemical reactions and

radiations. Some CFD models have been proposed, but few has been validated by comparing to measurements. In this

study, the accuracy of the model was evaluated by comparing roadside air pollution measurements and the simulation.

Some of the characteristics of roadside air pollution such as high concentration of NOx due to the vehicles and low O3

concentration due to NO tightening were successfully reproduced. However, due to the insufficient resolution of the

geometrical model, the flow field was not reproduced accurately, and therefore the concentration distribution of pollutants

had some errors between the measured and calculated results.
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Study on the Optimal Design Method for the Surface Shape of Exterior Materials

Based on Near-infrared Rays Retro-Reflection

O= M f ¥+ (RELTFRF)

& E R (RELFRT)

Kako FUTAOKA*1 Shinji YOSHIDA*1

We proposed an optimal design method for the surface shape of exterior materials based on near-infrared rays retro-

reflection foruse as a countermeasure against the heat island phenomenon. This method enables us to evaluate quantitative

performanceofthe surface shape by setting the design goals as objective functions. We also considered selecting objective

functions that would be useful in assessing the achievement of design goals. The surface shape optimized by the method

proposedinthisstudy achieved the design goals. We proposed a prototype ofthe optimal design method for exterior materials.
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Fig.1 Optimal Design System
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Tablel List of symbols

Fsvmmer L B 2P PEREL]
FWinterAb : gé@ El %'&W‘Iﬁﬁﬁ[ﬂ
FWinterDownRef : @@@Tl"ﬁ] %ﬁ%—ﬂ\ﬁg [_]
Fwinter : giﬁ%ﬂiﬁ’é[‘]
Feorm : B A AR [
Jup t b & B AR W/nt]
]down : Tﬁg}i% E%%[W/Hﬂ
Jrer : S AR/t
Jab SR A5 W/ nd ]
Jav : BA A i~ ERE A & W/nd]
pi T W, O ]
(0~1 DfEZE &)
0; LT R W, ORI ]
KFz 0 | HmEETTAELTD
a 17U RAOYIEE ]
Table2 Design Variables
= EH ER &I
X, 247 0= x, =1 AX,=1
X, Bt 0.01= x, =1.00 A X,=0.01
X3 Z8hEDABD T A | -80° = X3 =80° AX5;=10
X, 0.01= X, =1.00 | AX,=0.01
Xs JERE 0= Xx; =1.00 A X5=0.05
Xs 0= X, =1.00 | AX=0.05
X, TERF 0= X, =1.00 A X,=0.05
Xg [ElER A 0° = Xg =175° A Xg=5

a) Type=0 b) Type=1
Fig.2 Design Variables
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Fig.3 Concept of
Fig 4 Definition of Fy,,, ...,

Reflection and Absorption
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Table3 Case
BE 0l EEToEtii] FEAR O ST
Fsummer Fwinterab FwinterpownRef Fwinter Frorm
case0 [ ]
casel [ ] [ J [ J
case2 [ ] [ ]
case3 [ ] [ ] [
Tabled Setting the Genetic Algorithm
SR 48
A 60
. N BAR: L—L v FEIR
ERFE | 281000 — L Ripeng
XX FE 0.9
RABRE 0.01
Tables Setting the Ray Tracing
_ B3 :2020/06/21 12:00
IR B
£2:2020/12/21 12:00
RETHE R RIR(HEE : 34.68F, #2F @ 135.52)
T 50001&
RETEE R 9[H]
REAE FEEE
7YX L =
5 R5950.9[-]
21D SCERNT 3
Table6 Cornelation Between Objective Functions
BRI Foummer Fwitnerap FwitnerpownRref Fyitner Feorm
Fsummer 0.25 -0.29 -0.20 0.28
Fwitneran -0.17 0.10 -0.22
Fyitnerbownres 0.95 -0.35
Fyitner -0.41
Frorm
1.0
1.00 e
®..9
0.95 o%e
—_— °
T 0% L
— 9 5 06
5 oss == g
§ = = —a—case2_Nod
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. ~@- case3_No.l
0.70 2 ~@- case3_No.2
o case3_No3
[ case0 [@ casel [@ case2 [ case3 0
' 0.0 0.2 0.4 0.6 0.8 1.0
Fig.5 Maximum Value of Fsumemr [~]
Fsyummer Fig.6 Pareto optimal solution
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Fig.7 The Shape of Opening Surface
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Table7 Analysis Date
B0 B sl
2020/06/21
2=
2020/08/21
10:00 | 12:00 | 14:00
£z 2020/12/21
s 2021/02/21

Table8 Top 5 Individuals with Excellent Fy,, ;e

FForm

FSummer FWmter
B4 0.69 0.49 0.52
E20 0.67 0.49 0.98
FE3L 0.63 0.62 0.95
F 44 0.63 0.52 0.98
514 0.63 0.66 0.65

B 1M | om2 3

FARL E 32
Fig.8 Top 5 Individuals with Excellent £, .0y
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Measurement of Chlorine Dioxide Degradation Rate in Chamber
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Chlorine dioxide is mainly used as a disinfectant. When spraying chlorine dioxide indoors for sterilization, it is
necessary to spray it at a low concentration because high concentration of chlorine dioxide may adversely affect human
health. Chlorine dioxide is also photodegradable and thermally decomposable, and has the property of being easily
dissolved in water. Therefore, when spraying the optimum amount of chlorine dioxide, it is necessary to consider the
amount of decomposition by light or heat and the amount of absorption and adsorption for the material. In this study, the

amount of decomposition of chlorine dioxide due to heat and the amount of absorption and adsorption were quantified by

chamber experiments.
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1.1 Fryon—

ER L7=F v o 3—D~HEAK 1.8X1.8X3.0 (m) TH
D, T —PNITEN L TEY, EBEREIZLTY
20N,

1.2 ZEMLIERNTARELEE

TR R T AR AEAEE T, 7 V) R AR
LISPASS S-11  (JEdEdnbkastt) ZffifH L7=, LISPASS
S-INEERMEIC L » T ER OB AERZHFHET5 2
ENTE, WIS D, U AR
L EEORRE Figl T, £z, BUESRT A%
FAESEDLOOWERILE LT, U AR S BAEAITH
L, VAN S 7Y — v (R Natt) 2 v,

30
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Current value [mA]

Fig.1 Relation between generation amount and current value



A—-69

1.3 442983 73 714—I2&B0HEH

(1) wHEROFTIR

VRBEERIT 4.5 mM NayCO;, 0.5 mM NaHCO; Z7EA LTl
WEIToT,

(2) fltEIK O

TR O AR 1. 2 M KT, 1. 5 mM NagCOs,
1. 5 mM NaHCOs Z 74 L CRRBLA TV, EEEHR CHIRARAT
L7z,

() fEFIRERR & oSt

A A a~ 757 ¢ —% Dionex 1€S-1000 (Thermo
Fisher SCIENTIFIC) ZfEM L., F— hH 77—
AS50 (Thermo Fisher SCIENTIFIC) Zf#if L7z, F£7=. &
Z I TonPac AG12A/AS12A (Thermo Fisher SCIENTIFIC)
PER L, 7. A ra~ 5T 40 —D5HR
% Table 1 (2757,

Table 1 lon chromatography operating conditions

Parameters Conditions
Eluent 4.5 mM NayC0:/0.5 mM
NaHCO;

Mobile phase flow rate 1.5 mL/min

Column temperature 35 C

Detector Conductivity detector
Current 21 mA

Injection volume 25 pL

2. EEBHE

2.1 BREHROER

R AR AR BERE T 0. 0125 mg/L, 0. 025 mg/L,
0.05 mg/L, 0.1 mg/L, 0.25 mg/L 5 JEFEEXATIERL L
7=

2.2 ZEMLIERARBEDEH AL

TIRAHETRE T A PRI HTRE R DR AR A VT

R P OHHEERE A A (C102-) DOPEFE (ppm) 2 EH L,

TR TR A PRSI THAEE U 7 E (ppm) TBH D, LATF D
Table 2 |CHAE XA RT, 72720, 2ok SHERF O
FAITENENLUTOEY ThH D,
y o TR EER AT AR (ppm)
x ¢ HEHESEEEA AR (ppm)
Vo RO (20 L)
Vo o KUROFERERFE (22.4 L/mol)
M o HUEERRA A Doy (67.45 g/mol)
A RE (O
B o 7 AFHEEMARE (FtE X I @ 10 L)
Table 2 Formula of chlorine dioxide gas concentration
I, 273+4 1

y=xxKVx—x

1
M* 273 *B m

KRR - A TR s S
TR TE R RS (2022, 3. 11)

=
2.3 EEBHE

Fig.2 |ZEEROMEX 24, bR AELEE D

F ¥ U N—RNICHAACE L L9 ICFa—T %@L,
Fig.3 |ZF ¥ >/ S—NOE A2~ T, T o/ —NITIEHL
SN I UER AT 2700 —F 2 L—F —
i Uiz, B Sz LSRR T 5720 0F
2—T 5 Fx L N—NIZE RE LT, ZD5RDF a—
T ONE % Fig3 DO~QF TTRT, TNENT v N
—HNOOIFAEM, QOiF EE, @b, @A m, G
THICHET DT 2 —T OREREE LIz, 205 AKDF
2 =7 TF % = NOKEREHETE D L O ITECHA
BT =N DA T —IZENEI DR
72, Fo. WEHERNAD D, A oY —id2 K
ZEFNZHHE L, IR E TN 20 L T AT, 2
AEDA DY —ITR T LB L. R 7 2R
THZETF Yo N—NOKKEERGITEDHLDIT LT,

chamber

absorbent
20 mL

Flow rate

— ClO2 gas

impinger pump
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ClO2 generator

|
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lon chromatography

Fig.2 Schematic diagram of experiment

Fig.3 A picture inside the chamber

0.5 L/min, 20 min
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2.4 FrYUN—RNBRILEREEDO—HKE

T 23— (RFE) (28R L7 I LIER 0 A3 —
WG L TV D Z & il T D120 DERZIT T2,
M b aE 0 ZAEAERE (68, 8mA) DT ¥ v/ —NIZ
M bt 2384 SH7- (16min), RIS 21 LK
Z TR Z t=0 min & L, t=0 2>5 20 min £ TF ¥ 28
—ND 5 B AR T (i 0.5 L/min) TF v > 3—H
SRS LTz, R TORBIRIZ 2 KDA
YRV —NORERE~ A 7 ey T 0.5 ul
TOLY, ENFNWASLTIMIAN, £ F7a~v N7
T 74 —THTEToT, T v/ 3—NOD 5 i bRIK
ZRE| L TENENONIEIZEIT D bR T ARE
FHEL, X522 RN LR LT,

F v N—ND LTS, PO b b7l o
7 LT & & DOOHTHER % Table 314, LI DNLE
\Z31T 2 TSR T AR T H D E D N Eh
STz, L s=1. 28X 10 Th o7z, ZDid, Fv
N—NORERITY—F = L—F =T L > THOITHE#EE
NTNWBLEEZLND, TOSHHERL Y., ZEliEs:
DIRIEERFS T ORI « WeAg TR CIERE L THLD 1
ENSREEY TV T L, FREIToT,

Table 3 Relation between location and concentration
of chlorine dioxide

Location Concentration (ppm)
Center 0. 397
Up 0. 367
Down 0. 369
Right 0. 370
Left 0. 385
Average 0. 378

2.5 “EALER O REER

THRMUESR AT v S — NI L CHRERIRSEIC L D
TREE DI 8 & AL R O/ DR R 21T - 72,
TR AT v o N—NICHUE (15 min) L, B L
X TR Z t=0 min & L, t=0 25 20 min £ TF ¥
PR—NOD 1 A (R4 235 R 7 (i 0.5 L/min)
TTF v U N—NKIRE R IR E] Lz, [FERIZ 60,
120, ---360 min Tt 7 Vo T NNEV LTV T L,
AFra~ NIT T 4—ThHlr Lz,

2.6 “EACIERORIR - REEER

(1) KR 2 SR OV SEER

2T L ARy b (SUS-304 1 30X 24 X4 cm) 6 EIZ /K%
TINEN2 LT OAIN, T v/ —NDIKRHEICEY Tz,
At 12 LRI : 0.432 m) DKNF ¥ L /3—NIZH D
Rf L K& A2 Tz & E TENENFR AT T2, —
FR st % F % /N —NICEAG (30 min) L., (b

2SR - MR TR T S S
TR R R SRS (2022, 3. 11)

Fa WA U Z 72 A t=0 min & L, t=0 7> 20 min
EFTF ¥ = HNOD 1 g (FIES) AR 7 (i
0.5 L/min) CTF v L —NKURZIHERIZWS | L=, [F
KEIZ 60, 120, ---360 min ECEF7H I amH 7Y
VI, AFrravw NI TT 4 —THNT LT,

(2) AWK D AR O S bR

AHF OIDF : 90 X45X0. 25 cm)2 D& F % o/ 3—HNITA
. CEMEROWEEEZFHIIL -, CEMbEREE T v
UAA—NIZHAE (16 min) L, M EHEFRAHC LEZ
725 % t=0 min & L, t=0 75 20 min £ TF v L /3—
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Fig.4 Concentration of chlorine dioxide
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Fig.5 Normalized concentration of chlorine dioxide
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Fig.6 Comparison of chlorine dioxide concentration with and
without water in the chamber
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Fig.7 Reduction of chlorine dioxide when wood is placed
in the chamber
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