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Measurement of radiant thermal environment in plastic greenhouses

by vector radiation thermometers and illuminometers
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This paper aims to measure the thermal environment in plastic greenhouses with heat protection by installing evaporative

cooling panels. A measuring instrument is created using a cubic acrylic box with six vector radiation thermometers and six

illuminance meters, and the radiation temperature and illuminance in each direction are measured. Since there is a correlation

between solar radiation and illuminance, shortwave radiation can be estimated. It is shown that the instrument is useful for

measuring longwave and shortwave radiation separately from each direction. The mean radiation temperature, MRT, is

calculated by using the measured values and is compared with MRT calculated by using a glove thermometer to investigate

their characteristics. In addition, the thermal sensation votes of 5 subjects are examined.
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Tablel Sensors Specification
Long-wave Sensor Nlumination Sensor
Name MLX90614 BH1750FVI
Dimensions 32x24x8 mm 32x24x8 mm
Measuring Range 5.5~14 pm 165535 Ix
Viewing Angle 90° 180°
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Fig.1 Image of Vector Radiation Thermometers (left)
Fig2 Diagram of Vector Radiation Thermometers (right)
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Fig3 Evaporative Cooling Panel

3. IBEREER

3.1 WEEEREEEHAI

KR, 7 a—7ERk, 3L ETO BEBEOFHARE R A
Fig4 (2. FEBRZAT: ponlfo D27 M VHEHEFEFFCOZH
fEdA FigSIRd, Figs L0, ~7 MUBGEHRER O |
T OWE TSR >~ PREEEZFHAIL TR0, )
41CTh D Z bbb, Figd LD, T ANKIRIZ
W 361°CD T, SOCREHEY R~ FREIRED R <
7o TNDZ ERbnD, F£i-, Figs L0~X7 MUK
TR EEOIREEL 5472~37300kxk DEEH YD, 2D
D H 581 242~435Win D& - 7=,

ZNHDOFHITH LI FE R BHERD 7 o — 7R
MNB ERT MVEHRFERTD S O — S OFHAG 1 TOY-
IR DR AT 5, 7 a—7RENSEHT 5
FRRAEA IS, ~7 MUVBGHRER ) BRI 5 BR
X2~ 41TRT,

MRT = 6, + 2.35vv(6, — 6,) (1)
L= 5NC1R0Ti4 (2)
Si = al; 3)
6 (e L; +&S)/c
MRT = i=1 ( L 61. S l.)/ (4)

6, : 7 —7iRE (C), v : JAiH(m/s), 6 : KIE(O),
L; : RIS EW/m?), T F O BGHRECC), enerr
T —ORE#E(=1),S; - BB EW/m2); A irD
PR, &, @ & I W% I 3E(=095), &g : A % L
(=09), a : [FIFREL

Fig6 7 0 —7ERE 7 MEHEEF M D HEH L
MRT Z7~9, B S EHEE OEYFAEREUIBEAEIFZE Y05
a=00093 Z 5|95, Figb6 L V. 7 MUBEHRE RO
TS, BEEBD NSy, BUGH R AEIZZEDVE T T
2600, REZEOEM b —E L T\WD EEX D,
LML, Za—78RERT MVREHREFOF HEIZ
SCREDENR LN, BHEICZENEEN R L
LT, MR LRI BEOBURANR S D L B2 T2, 22
T, ASEHEEOBYFEEZa=0.0140 & L. MRT OFH
HZ21T 9, BH L2 MRT 2 3HAIRR T L%



A-44

Table3 (2”7, [FIffREE AR 35 2 & T, MRT FfHE
MEIFC/NEL 0 T a—T B L7~ MRT )
BEIFRE—FLTZ, Lo T, ASEHEEORIFEAR Ik

DTEMZILZ 20, FHHUETLENH D,
pON1f0:2022/9/11 11:45~12:45

50 900
800
46
= 700
g
) 600
542
=2 500
g 400
£38
3 —_—— 300
I A T
34 200
100

w
o
o

2 2 A T8 88T NV IITRIVELEI T L
< n o v SO 0 8 dF d a9 N A& N ®m e oS S
HodH d dH dH A AN A A A AN ANAdA AN AN A
i L  J  J a

e Ajr Tem perature Glove Temperature intensity of solar radiation

Fig4 Measurement Results (pOn1) : 2022/9/11 11:45~12:45)
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Fig.5 Measurement Results (pOn1f0 : 2022/9/11 11:45~12:45)

Mean Radiant Temperature

. (pON1f0:2022/9/11 11:45~12:45)

65
60

< 55

s

= 50

o

= 45
40
35
30

223X K58888
R I I I P
puips S R S A R S S

12:12
12:15
12:18
12:21
12:24
12:27
12:30
12:33
12:36
12:39
12:42
12:45

Globe Temperature

== == == \/ector Radiation Thermometers(a=0.0093)

Vector Radiation Thermometers(a=0.0140)

Fig.6 Mean Radiant Temperature (pOn1f0 : 2022/9/11 11:45~12:45)
Table3 Measuring Time Average of MRT (pOn10:2022/9/11)

intensity of solar radiation (W/m2)

9/11 Glove Vector Radiant Temperature
11:45~12:45 Temperature a=0.0093 a=0.0140
MRT 52.8 46.6 524
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Fig.7 Result of Subject Experiments (2022/9/13 11:15~12:05)
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Fig8 Result of Subject Experiments (2022/9/13 11:15~12:05)
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Fig9 Result of Subject Experiments (2022/9/13 11:15~12:05)

BRA nolno2 I EHERIF IR LI, FAR

DA

MZRLTCWADIZH LT, #8RE no3 dHERER




A-44

IR LT —EDfEZ R TRER ChH -T2, LIKRT
BB nol, no2 ([T OWTHEET 5, EBREME (ponlfl,
p2n0f0) 7 SARFEBEN SRV OF TS5 & . MRT
1L 68CIK T, SET*% L.T7CIKTF L7=b DD, TSV I L5
LCWWe, ZHUET 7 v OFENMRSIRFEIC KX < &
LTW5EERXBND, FHREM (ponlfl, p2nlfl) 7225,
770 KR THEST D & ZBBmE UK
Y MRT (% 5.1CIK T, SET*IX 25°CICF L7223, #ips
nol @ TSV (FZ& D53, no2 D TSV 1T 1KV &9 fiER
(272 o7z, WHED SRS L DR DUGEh R T ER
BINTIFAA ST, TSV 02 k& U THIEsT 5 = L3
L2 &35,

F7-. Fig9 LV SET* LR/ B R AR B R
SR T-, AEIOFHAITIE., WA mT TRRE L
T/ ND T 7 8 ) OFEERSIET, AT CoEE
NEHATCTE CWVRdo 22 MO ESDER EE 2 B
Do

4. EIXEOFHE

4.1 EHEREEE N X 2R

AT CIUZEEE L7z B EHEE DY EREL o 2 VT
FERINHV SRV B ZRE LT T ADIE . eV B

TWDIEEAR Y FEFRE LI T AERE OHETT S,
A7 MVEEHEERHE W TR L7z MRT & LEO)K
HFHEFE % TableS 127~
TableS MRT of workspace

Vector Radiant Temperature
9/11 MRT of the upper side
11:45~12:45 MRT (Long-wave Radiation
Temperature of upper side)
p2n0f0 437 77.3(35.7)
pOn1f0 524 78.7(412)

A7 N VIEHREEE A2 VTR L7z MRT % 2HEIFHE
T UTMEAE T D & SRV ERE LT T AD
FIMEL 86TCOEMNA LI, TOZENE U EK %
FIABNZHT 5 & Bl CORRBEHEEIX 35.7°C L
42 ETSRCOREAEN LN L, REHAD
7= kil MRT TiX 773°C L 787 FET 141COZEELD2D>
o7, THIVEY | MRT \ZHT DR O | 78
FRHE RPNV ZRE LTZNT A D HOTRKE S ZITT
WAhHEEZ2 D, THUTSRIUC XD BEHERS AR —T
BV, BEENEDST-ZENEZBND,

4.2 WEBREA~DOFIAIT L DM

BEBRE nol,no2 DHIERER L 0 | ZERINE SRV DI %
B LTSRS, — BRI AEA R E <. B LK
CARMTHoT=Z ERGND, ZIUTHF L, R
LW EEE D553, nol OFEERETITE Ry FE 77

2SR - i LA eSS
AT TERE R e (2023.3.7)

> O E(POnlfl), ZAFMH SRV EHEER Y M 77~
DRRE (p2nlfl)D 2 5L | no2 TIXSME panlfl TH 7=,
FIEMHVSI IV, WA b, 77D 3 AR E LTz
ZEp2nlfl TIEMRT I —F/ N SVMEZRL, 34055
2 LN EK L DERTH T,

TINHOFRER I . ARBEBE IRV OREDHTIIA
R U DIRSRUTIZ & A EBAER RN - T203,
IR 7 L B R B T A IR DMK 75
Zebhol, BEROBLZEL LT, RHEGE SO
WRERFE AR v FOBEORR & L RRE L TUVDs,
A AHERED A —Cdo ) R B D3R | 227 > T L
FoTWmDIZ, BWERE LR TH - 72 & HEH
Do Fio. 77 AATHEBRE DO TR FFEEEVE LT
B 5720012, ILWERUDERMETH 72 EHEITT 5,

5. BhHYIC
5.1 AT TORRES
« XY MVEHREE R CRHIZA T o T AR, e
DIEWEEET D L /o —TEREPTIRER 2t 2
5 Z EDHBRTWE,

MRT OFERMNE, G E SRV ERETHZ & T
ﬁ%*v%%u%btfﬁ&%&bf\%ﬁmEﬁT
DO SRR OSEI R G Z N TE I, 272,
WA 72 U CHRIEBE SV 2R E T DA 1T
FRIE IR AN & SRV T OVEEF I HIN DR HT20 ﬁi
REREN ER->TLEIRNND D,

« WEREA~OFREN G, B HV SRV ORRE T T
IHESRESETHZ LI TE o7, T 7
EEEFICHT CGRET LI L CUETE DL Z 03D
Mol
8 & Xk
1) BJIHORERIED « B MER AR %2 72858 m B SR U
B 2I9E—(Z D )RIMBEEREE FITkT 5 BEVER R
— HARE A R FIEEETILE 2021 429 A
2) EHIEERIED « B RECE ORI SR DO D~y
FHERREEFIORIE A0 4 £R5E AR 8T
TR
3 HFTFRH: BT RTRT D REEO A B BRI
I A IERFAAR C IS < B R OSSR OHEE— Kkl
SERFRFPE TFR EL5m3C 201943 A

E il
AR AEED DIZHTD | ZL OFHRITIHRNIZEEL
oo X7 MVBEHREF ORI 72 0 T 2 TAW - miiise
XN, AREEEBEV IRV OREZ T U &35 R, 5’%75&
YR — MU TTFE TR S A, #EREFBROBRZZ
WHIIETANW e BE=— T A TREEER SN TND 54D H 4
2, FELCGHEZRLET,



A-45

EFE=

—ILINDRARIZE T B FER KR

TR - A TR AT SR
PR TS SCE (2023.3.7)

AN ILDRHINE

Thermal Effects of Moisture Permeable Waterproof Membrane Evaporation Panel in
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In this study, the evaporation cooling function of a bag-shaped moisture permeable waterproof membrane (evaporation

panel) with a water was examined in a case study of its use for thermal environment control in summer greenhouse. We

installed evaporation panels in the greenhouse and measured various items. As a result, about 144 g/m*h evaporated from

the panel and surface temperature decreased by about 4.3°C. An analysis of the heat balance of the panels was also

conducted, and it was inferred that longwave radiation has a significant effect on panel evaporation.
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Fig.4 Time change of solar radiation
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Fig.5 Time change of solar radiation
(2022/9/7 day with water supply)
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Fig.9 Time change of surface temperature of panel
(2022/9/7 day with water supply)

Fig.8 Measured and calculated evaporation volume
(2022/9/7 day with water supply)

Kpl +KpZ_Hp1_Hp2_leEm =0 (2) %Téﬁfﬁﬁ%%%%@f%f%ﬁb‘: kﬁiébj—‘%ﬂfio
2RO R Kp1 = axplin ©) Z ZC, ARV kL FEAO RS N A B GLD
SINADORF AR Ky = (1= A)prgarplin @) BESX % Figll TR, (7D L 9 7eBUEATET,
SRFVERNLOBER Hyy = agim(tspr —tapr) ) ANZDWTHHT L. BUNSTFREN D72 < 72 DDt
IRFIV D B DBHER Hpy = acin(tspz — tapz) (6) %, 7ok, FRITIE, SRV OBILA N ETH D

4.2 BUHER LEZTEY . BB OWEZIT> TWRo7z72,
RQWZIBIT DB HDOME & BT 7E% Table2 12T, PRI AT 2 RIS B3 HEE I L > TRed 5,
},ﬁ‘:l:%\ -1436W/m2@?&ﬂjzﬁﬁ%éﬁ§ﬁz Df:o Tablez %E‘é Kpl + sz - le - HpZ - leEm + pr + Lgp + Lap - Lpl (7)
ELSFIUT AR ZITE A ETIR L T LT, SR/ V0352 —Lpz=0
FEL - 72 BB T U3 LT R B IR NS < 2o T PPN NV V% .
. . , o Ly = ep810(tsp + 273.15) ®)
WD, ZDZ LMD SRS DORWPHES 2B L TR ORI
W DB SN U L HEE S LD, RNV Vi% .
. . . N Lyp = €,46,p0(tsg + 273.15) ©)
Table.2 Value of each term and residual in equation (2) DRI &
ltems[W/m?] |value| Items[W/m?] | value EEVIAN Lop = Tup810(tq + 273.15)*(0.526 a0)
Solar radiation 2.5|Latent heat 140.9 e B
Reflected Sensible heat from L%km%ﬁ +00065/7,)

. 0. -0.3 2L DS
solar radiation bottom of panel ) Ly = €10 (tsps + 273.15)4 an
Sensible heat from 55 Residual error of 1436 D F e
upper of panel " |heat balance ' PEVTEDS . "

4.3 BURSEECET B DR Lyz = &1g€1p0(tspz + 273.15) (12)
BUCEFGEVE CTRR & LT QTR SR UIA
Roof film Roof film l"n lL,,, IL,, Hpy
Kp1 Ly | Lo L I Kp1 lL .| Roof film
| H,, IieEm :: 3 i Hpy IIEEm kﬂ li“f 12 |Hp
'y L — = L e - = =
Panel Hpa l Lgp pzl Kpz fivz Panel
Kp2 Ground Lgs
Ground Fig.11 Heat balance of a panel with long-wave Ground

Fig.10 Heat balance of a panel radiation Fig.12 Heat balance of roof film
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Kei+ Kpp + Log + Lyg + Lgr — Lpy — Lgp — Hpy —Hp =0 (13)

T 4 VD H Kpy = agyl (14)

Tans~omstasg el (1s)
+agrprglin(1 — A)?

T Los = g1p0(tq + 273.15)* 16

(0.526 + 0.0065./f;)

IRHNDD T 4B Ly

DRI B = £,76,p0(tepr +273.15)"A a7

IRIEIIND T 4V Ly

ORBHH = &,78,00(tsg +273.15) (1 - 4) (%)

EE YN YA .

B R Ly = gp0(tsp +273.15) (19)

T4 VANTEDNS D 4

B Ly, = gp0(tsp +273.15) (20)

PR INI ST Yl Hpy = ac(tsy — ta) @)

T ANVDTIEIPSDOBE Hpp = @en(ts — tapr) (22)
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List of Symbols
Symbol
A Percentage of area of panels to ground areal-]
Agp Solar radiation absorption rate of panels|[-]
agfs Solar radiation absorption rate of film[-]
E, Calculated evaporation[g/(m*h)]
En Measured evaporation[g/(m*h)]
le Latent heat of evaporation of water[J/g]
R. Moisture transfer resistance[(kg/kg”)mh/g]
R} Moisture permeable resistance of membrane
[(kg/kg)m?h/g]
tsg Surface temperature of ground surface[°C]
tsr Surface temperature of film[°C]
Xs (tsp) Saturated absolute humidity at t,[kg/kg’]
Xq Absolute humidity in the house[kg/kg’]
Convective heat transfer coefficient outside house
] i)
Qe in Convective heat transfer coefficient in house[ W/(m?K)]
ELg Longwave emissivity of ground surface[-]
Ep Longwave emissivity of panel[-]
eLf Longwave emissivity of film[-]
TLf Longwave radiation transmittance of film[-|
Pkg Solar reflectance of ground surface(-]
Pkp Solar reflectance of panel[-]
o Stefan-Boltzmann constantfW/(m*K)]
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2)
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74 RHETHRBIRE LZERICET HRE
Survey on Thermal Environment and the Humidity Sensation in Offices

OfAy R () 2 RFPRFBE) T PTG A R5)
Wit 52 (PEZEKRT) #EE A (BTERT)

AN CREIREZERS)
Yuka KAWAMURA*1, Tomoko UNO*2, Takashi HATAE*3
Kazuyo TSUZUKI*4, Hikaru IMAGAWA*5
*1 Mukogawa Women’s University of Architecture Graduate School *2 Mukogawa Women’s University

*3  Chugoku Gakuen University *4 Kansai University *5 Osaka Institute of Technology

The purpose of this study is to determine the factors that influence the humidity sensation. An ordinal logistic regression
analysis was conducted using the data obtained from the field surveys at the offices in Kansai region. The gender,
sensitivity to heat, relative humidity, thermal sensation, sweating condition, environmental adjustment behaviors, and
amount of clothing influence on the humidity sensation were investigated. The following was revealed about the degrees to
which the humidity sensation is affected: men feel 3 times wetter than woman, the person who sensitive to heat felt 2 times

wetter, the person who was clothed more felt drier, high humidity influenced sensation for the wetness.

1. [EL®IC FEIZL D, T — N EREEEZITO, ST
ImEEIT, R LD L BEAEROF CTE#HRIND Z — B TN A 2 L T, IR B LT
DT NI KX 725 5.2 TRy, = THER & 2 OREEZLNTT D,
ORI U Cl bl e ii A kD B s, 2. EHE
NE->TWA], THEEL TS Vo T-IREDRK L AR TR & KRN D 5 DA 7 4 A E /U

J7 ORI C b DRI LT, Rz VB ke YY) T 2021 £ 9 H~2022 £F 11 FIATV, 649 fEDEIERS
SR YL ARKHEE P | F8IT O & ORHRIZ OV T ORZEL S O (GE D 1 1B, {847 4 ADOBFEHIC
DM, OMOEPRNZ IS DAFFERBNI D720, HLIRI A L, WBaE RO CT o7, A E &2
(5% -2 D BRI OV TEEHINC Lo ST K2ITRY, HEFATIE, PEITHEAIEN &ty
BOT O DOREE LGNNI TR, e, DOEBEHHER 27 > — P ERE ST, REER
BAEMIEDZ < VRN TAUBEEE T T o TR FERRORER

VDI TIHY . 74—/ R Z b &1 Uik Table.2 Survey items
DT I T TR, Basic items Environmental survey items
o o Gender Air temperature (Ta)
- o - - —
T TAMIE TR, 74 ZAZxF L Lic7 —/L R o Reatve humidity (RH)
Constitution COzconcentration
. s . . Cooling preference Globe temperature (Tg)
Table.1 Investigated buildings information Heating preference Mean radiant temperature
No 1 2 3 4 5 Frequently spent environment | Absolute humidity**
*Calculated from Taand Tq.
Location city Nishinomiya Nishinomiya Nishinomiya Nishinomiya Ibaraki **Calculated from Taand RH.
Structure RC SRC RC RC SRC Subjective evaluation items
Reseach floor B1F 4F 4F 1F 6F Modified thermal sensation Air quality
suvevoeriog | 202441~ | 202110~ | 20219~ | 20219~ | 20224~ Thermal preference Fatgue
Y pel 202210 20229 2022.10 20029 2002.11 Thermal acceptability Sweating condition
Number of Humidity sensation Metabolic rate
36 13 1 16 48 - : . -
respondents Humidity preference Environmental adjustment behavior
Number of 212 50 P 14 230 A?rﬂow sensation Amount of clothlng
votes Airflow preference Thermal sensation
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Table.3 Extraction results of items for multivariate analysis

Basic items Environmental survey items
Air
Gender Globe temperature
temperature*** P
Mean radiant
Age*** Relative humidi
9 4 temperature****
Sensitivity to heat co Absolute
. ty concentration™** humidity****
Constitution i
Neither***
Sensitivity to cold
Prefer Subjective evaluation items
. Modified thermal . .
. Neither**** . Air quality
Cooling preference sensation
- Thermal .
Dislike*** Fatigue ***
preference****
Thermal . "
Prefer*** - Sweating condition
acceptability
. . Humidi .
Heating preference Neither*** ty Metabolic rate***
preference**
Airflow
Dislike Amount of clothin
sensation*** 9
Neutral ventilation Alrflow Thermal
Frequently spent preference*** sensation™***
environment . o
Air-conditioning

Subjective evaluation items

Environmental adjustment behavior to cool

Environmental adjustment behavior to warm

Ate/drank something cold Ate/drank something hot ****

Wiashed hands/face* Used a blanket over knees *

Rolled up shirt sleeves™ Put on a jacket*

Took off clothes* Buttoned up own shirts*

Rolled up the hems of pants and skirts* Moved to a location without air movement*
Used a paper fan* Closed the doors and windows*

Used an electric fan* Opened the blinds*

Opened the doors and windows*

Closed the blinds*

Turmed on the air-conditioning™

Moved to a location not exposed to solar radiation™

Turned on the air-conditioning™

Turned on the heater*

Moved to a place with more sunlight*

Sat in closed posture™

Took off shoes™ Wore slippers*

Was barefoot* Rubbed own hands together*
Sat down in open posture® Used a heat pad™

Tied up own hair* No action

No action**** Other*

Other*

Asterisks in the table indicate the reason for exclusion.

*Floor effect.
**Synonymous with the objective variable.

***Univariate analysis showed no significant relationship between the hygro-thermal sensation.

****Multicollinearity with other items.
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Table.4 Odds ratio of factors affecting hygro-thermal sensation

Number (Ratio [%6]) Odds
Items Dy Neural e ration P value
Gender p<0.001
Women 253(402) | 121(19.2) | 65(103) | 100
Men 53(8.4) 73(11.6) 65(103) | 285
Sensitivity to heat p<0.001
No 204 (324) | 100(15.9) 54(8.6) 1.00
Yes 102(162) | 94(14.9) 76 (12.1) 185
Modified thermal 0.0090
sensation
Cold 74(11.7) 16 (2.5) 9(14) 1.00
Neutral 178(28.3) | 145(230) 48 (7.6) 154
Hot 54 (8.6) 33(5.2) 73(11.6) 237
Sweating condition 0.0381
No sweating 211(335) 116 (18.4) 35(5.6) 1.00
Sweating 95(15.1) 78(12.4) 95(15.1) 149
Ate/drank something 0.0264
cold
No action 270(429) | 147(233) 77(12.2) 1.00
Action 36(5.7) 47(75) 53(84) 156
Environmental 0.0131
adjustment  behavior
towarm
Action 113(17.9) 17 (2.7) 12(19) 1.00
No action 193(306) | 177(281) | 118(187) | 191
Amount of clothing p<0.001
Increase by 0.1clo - - - 0.86
Increase by 1clo - - - 0.22
Relative humidity p<0.001
Increase by 1pt - - - 104
Increase by 10pt - - - 148
Constant term p<0.001
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Effect of solar shading on indoor thermal environment

— (partl) Model experiments using bamboo blind—

OBJIl At CRBE#EEKRT)

Tomoya SHIRAKAWA*1

WH A (RIRE®ERT)
Haruo SOEDA*1

*1  Osaka Electro-Communication University

In this study, by clarifying the shielding effect and the energy saving effect of shielding such as bamboo blinds, we conducted

a comparative study of shielding such as bamboo blinds in the natural environment for the purpose of promoting heat

shielding measures. Experiments have shown that when a bright color is used, the performance as a solar radiation shield is

inferior to that of a dark color, since solar radiation may be transmitted.
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Fig. 3 Model test results for model 1 (double glazing) and model 2 (Low-
E glass) on August 26, 2022 (central temperature)
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Fig. 5 Model test results for model 1 (light colored plastic blinds), model
2 (bamboo blinds), and model 3 (no shields) on November 3, 2022
(central temperature)

Fig. 6 Thermography camera of model 1 (bright colored plastic blinds),
model 2 (blind blinds) and model 3 (no shields) at 12:17 on November
7,2022
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Fig. 8 Model test results for model 1 (bright colored plastic blinds),
model 2 (dark colored plastic blinds) and model 3 (no shield) on October
20, 2022 (central temperature)
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2.2.3Y v x— NR) L7 I 2F v 7372400 (]
) DL

Wiz v =—R @) LT 2Ty 7370 (A6
DHHEFERAATN, DR Fig 10 1T~ 7, A1 (P
vve— Rf) LR (FTAF v 73 NHR) &
B3 GERAEEL) & LT, 20224511 H 24 H2b 11
H 28 HETHEBRATT-7-, 11 H 25 HDFEERKER% Fig
1T,

FERDD, BERIEEEIC BN TR X 22 RIT R O
TehoTo, 5 HIIZI T DL i mi g 2 i 4%
ERL L (v =— RBE) WA T 28.1°C,
B2 (7T AT 7 F 12 E) 2 -HW-55E6C29. 2°C,
AL 3 GEREL) 2HWSET 34.4CTHY, 7
FAF 7N () ZRAVESEAE, ryv=—FR

() ZHWESEEED S, L1ICE-TZ, 13:00~
16:00 Off, v v =—FR ) OFNTIFTAF v 73
7 () X VIREMEL 7eo TV A28, Filldod o
(v o— R (6 OFREL oo Tnd, BLEND,
Hrve—FR AR LTI AF v 7370 (L) o
HEENDE D N B X N5, ETER % V720
Slea vy =— R 2 HWSE L0 S 6.3C
EoTn,

ZOEBRERNS, v a— R HR) LTI AF
7#%&(%&)u\@%®¢%fhék%26néo

Model 3
(no shields)
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Fig. 11 Model test results for model 1 (light colored sunshade), model 2
(light colored plastic blinds), and model 3 (no shield) on November 25,
2022 (central temperature)
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Fig. 13 Model test results for model 1 (dark colored sunshade), model 2
(light colored sunshade), and model 3 (no shield) on November 16,2022
(central temperature)
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CFD 4TI & % LDK D ZERER & BFF THOEHE ) R Y D
Evaluation of effect of LDK layout on heat stroke risk
in a residential kitchen using CFD analysis

Ofs A & % RELTKRF) & WO CGRERTRF)
Otoha SUZUKI*1  Shinji YOSHIDA*1

*1 Nara Women’s University

In this paper, we evaluated effects of space configurations of a kitchen in LDK on the hazard against heatstroke using
CFD analysis. Four types of kitchen layout were examined in the present analysis: | row facing a wall with a partition
(Case 1), I row facing a wall without a partition (Case 2), peninsula type layout (Case 3), and island type layout (Case 4).
Meteorological data measured at Nara regional meteorological observatory were applied in the present analysis. Through
the investigations, it was found that the thermal environment in the summer season degrades when installing the island

type kitchen.
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AIREMED B D LWV 2 D, BETTOXIRD case2 T HIK
W2 ERRESEELTNDEERD,

WBGT[°C]

3.5 WBGT
23.0
225
®
22.0
° )
215
[ ] o
21.0 ®
@ °
20.5
20.0
casel case? case3 cased
@ Kitchen @ Living/Dinning

Fig.9 WBGT of Kitchen and Living Dinning
Fig.9 (ZFWNT WBGT & AETEEIOERFR A K L 7= Table3
ZRD L AEOTA TR EDr =2 TER
(WBGT25°CAft) | D L~LTh o7z,

Table3 Guiding Principles of Daily Life

mEEE ERIAE
(WBGT) EEEBORR R
far BHECHVTAERRETERE T ZBIBUNAR,
(318L1) FRTOEEEY T SNEREDR GBI, SRUVWERICEHT S,
RS BT BB e
(28~31) %1 SHEBF3SK TR, ENTREROLRISIETS
e 28 32 | g IPEE | mBeMUvERE T SRR CABERDANS.
AR BOEEEHT —AR(CREBRIE MR VISR L L SN OIS @S (D354 T B
(2553#) HT BB HH'H 3.

%1 28BLE31M, %2 25K E28FKMERLET,

BFRELAKRFR [AREE(CH SRPIETHIEIVer3] (2013) &b
L LERTE Y B I =TT 5L, IR

BEDIRUN case2 TIIZEID 2R, For—A ) B

T HEA = TIHATEHEFTO WBGT 251 < | case3 (IZHU)D
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2) BB, FRERIVRIIES CIERTENE T HE
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EREEESEEDHOBERAMEBOE T I & RAERIC & HRIT
Modeling of an ultrasonic humidifier for the estimation of indoor temperature and humidity

fields, and validation using wind tunnel experiments.

Oflil e CKBRKF) RERFR CRFRRSE)
R B (RBR) hSE e (BEAERT)

g B CRBR)
Yuki ISHIHARA*1 Naoto OOYA*1 Tomohito MATSUO*1 Hikari SHIMADERA*1 Akira KONDO*1

*1  Osaka University

In order to control the indoor thermal environment when using a humidifier, it is essential to accurately estimate the effects
of the humidifier on ambient temperature and humidity. In this study, a phase change model originally developed for a
meteorological model was modified and incorporated into a CFD model. The CFD model was validated by comparing it
with wind tunnel experiments, in which the thermal environment with an ultrasonic humidifier was measured. The CFD
model reproduced the tendency of temperature change associated with humidification though the temperature decrease was

overestimated in some cases.

[FZL®IC D 3ERREL & 72 o T D, IR DA% Fig. 1

AZR e — MRV TWREZE T 2 & ENOMHRE \RY, RHOXEZR 60mm O TH5H, BIREERD L
KT %, KIREOEREE T Cld COVID-19 72 XD A A7 UM% Fig.2 (29, BUROSHEAILX, y, z I
IWADANFACRIME T 5130, MHREE OEEREIZ 95m, 18m, 1.8 m TH D, JETFRA IR & IRITE
TR ST, BYYEDYERY 27 BNEmEdH Y, 22 FHARRE L, ALK OMREEZWE LT, Ima LRI A
CTENOEZ L T OBER NSRS AW LND Z & A5 1.0m ONLEIZRE L-, EEOHESIL, x HH
WD, WEBINTERD B A 3D N ek 3755 WOV THEARK 1 & OFFREDS 0.10m 725 1.00m £ T
IZEVIEE b5 IREZNT ST 5720, IREEREE 2| 1%0.10 m FEIFEC, 1.00 m 75 7.00 m = Tl 0.50 m [ERE
95 72 DI IR 2RI A6 12 - % 5 53D B 8. T22 4,y HENZOWTIMERRZ Fuir & LT 0.40 m I,
DEL L 705, 2 2 TR T, K875 THOWHLD z FENZOWNWTEE 020 m 205 120 m D 1.00 m gL L,
WAL ET NV EENAIEIE L TCFDE7 /WIEAT S y, z HTNE0.10m k& CHIE L7z, FEBRITIME & & JRH
& & BT, BEAEDT=DE T VO R Z R S5 5 & JEGHZ AT L C 4 r— A T o7z, FEERRFOS(% Table2

b U7z, 2, FEBROKT% Fig. 3 1R,
Table 1 Properties of the ultrasonic humidifier
1. BURIZEER Size width:290 mm, length:190 mm, heith:1120 mm
JERPI S M s 2 AR L, RO TN il Mode 1 2 3 4
FEZAbAE Uz, SRR3R TP e B2 E R Amount of
AT o 72, ARFBRT WS EINERROH AR X Table humidification | 380 550 740 850
LIRTIEY TH Y, INBEIIFEAO S O & T2 [mL/h]
Table 2 Experiment case
Humidifier Wind tunnel
Caes Wind velocity Water temperature Amount of Wind velocity ~ Air temperature ~ Humidity ratio
name [m/s] [°C] humidification [g/h] [m/s] [°C] [g/ke]
hlw0.5 0.74 232 389.3 0.49 249 135
hlw2 0.74 24.1 4434 1.98 26.7 13.6
h3w0.5 0.74 24.5 897.7 0.49 25.8 134
h3w2 0.74 243 888.1 2.01 273 14.6
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Fig. 1 Humidifier dimensions
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Fig. 3 Experimental scene
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2. CFDETIL

2.1 HHEEETIL

FWZErET L E LT Kessle?lZ L » TREET VAT
BT SNTARELET V% CFD £ 7 /WA AT,
ZDET ITZERHF DK Z KRR, BEIUERE L7220 K
/N, B TR DMK D 3 *H IHEL, 3HEM O
FEALEH D, K[EEET VAT OMZECET VA2 ENIR
BB OET VBT 5124720, JRET/UIEIT DS
P NI ORI A RE A EE L, 0 NI O AT E AT
Ko THIEHENEAT DL IICER LIz, 7 AR %E

AD~ENETT
oM
57 = "V VM = Uy VM + KepV2M + AC W
+CC — EPy

%—T = —v-Vm+K,;V*m—AC—-CC—EP, (2
dq

3=V Vq + K.rfV?q + EPy + EB, 3
T 1

== —v-VT+aeffv2T+ﬁ(Qp +Q,) @)

1
EPy = @ =)+ (1) < F(T) 2k )

TR, M bi*ﬂjt«éz{ﬁﬁ{ AL, m I INEEIR S b
g VIKFERIRA I TH D, vIZEGEE, Ul ZHRHM DR
TR, Ko 1 XERMERARE,  AC 13480 NIRRT 7> D ALK
TR~ DA— k33— g U aFTIE, CC IRHRIETE
DI N 2R T 20, EPy ITHLKIETE D756,
EP, I NI DI T Do FT2, appp 1 XFNRENE
BeR, C, 1TEELE, plIZEROBEE, 0, 1T ik
5%&%%%%, O VIANERIN D DBV, o AR RS

AL, mo X NERIR A O PIHME, ADIXIRE RS

5*@1151,5, k I3ARFEIFRNC BT 2R CTh D,

2.2 EEEH

BT VORGEDT=, JRIAFERZ AT 5 CFD X =
L—ya a7l ¥R 2 L—1 3 Z1E OpenFOAM-
4.0 ZEEEIEL THWE, FEEMEEE i 2 50E L,
BEIMZ L DRI DL BB T DT-DIIT VR AT
WA EA LTz, ST T WIITESE ke T 0% 0
oo FHESEEN RN A L L, ﬁ%%%t I 66 HTHD,
ﬁﬁiﬁzmﬁ”“@%%ﬂjbﬂp 7ka, S, K OVEGRA
F O JRGEE, &R, SLtEaE, KAERIRE OB SAHZiX
JEGT SR Jo FHRNEEZ =, JBIRA Y O Ofu)s - H
KGR HIX 0 & Lz,
3. #ER

KA — AR DIRE A OWEM & FHREZ, e
ZENOOMRENR 1 m, 2m, 3m, 4m D 4 {5 iZ-oT
Fig. 4 (2, FHIERNONRE S % Fig. 5 17T,
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2R, BESAIIERAY ONSOEEINFETE L,
FIMBEROK X L O SJEL OEVER T, #AExH
DRI L2 2 & CEKIRENIE L HlE S
NTWRWEBEDINAEITN R DT, ED7®), Filh
DALEIZOUVNTIE, Fig.5 ORI T &OE 51X
B L7z,

BIET COMRBEZR Mk D &, FHEME & RIEED
PHIZRBNT, JRIREGEDS NN — 2D, IR T
DRONDEROIEIT I VIENY, ZOHIMLE DR S
IR U7, ZAUS, OB EN ERT 52 Lz kv Z&
FBICEDEER TR L B2 b, Flmesniz
ROV NE < 72 D728, ARSHNCIERE K OEER D
FEBERTDZ ENFRZEEZ NS, —T, B
HERREZNWT—ATIE, wROLEeRioE < £ TEIRN
%, JEJAEGEED NSV —A  (Fig. 4(ac)) CTONMTEEEH
SO 3m, 4m OHLUSICER TS &, FHEED SN
PER D RBEDS B8 N,

RIS L D &, BIREEE R & W — A
T, PHOBEHEHIERI LIz micman st EE - T
W5 728 (Fig.4(bd)), “FERREZE T/ NS < 7272 (Fig.
50b,d). LU, JEBIC K W IBEREN S Z LT, JE NE
CIRENME T 2HAN RSN D5, RREEEY NS
— AT, MRDOUERE R OB K E W72 (Fig. 4(ac))
EREZAUIIRE < 2o 72 (Fig.5(ac)) . 728, 1R
TOE—27 1 TMEEE 5 3.0 m BE/-HS L 72> T D
2%, ZAUTHREDS 3.0 m Bk S D F TOMIAEIENTE
TL, DIBRIERUC L0 R HERFHOIMZIEN D7
WiZLEZLND,

[°C]

Obs. 1.2m

Height of the
humidifier inlet

Sim. 1.2m—y g r°cl
Height of the ‘ 7

humidifier inlet | [ ‘ . "
T - i,

0.2mt—,

Distance from
humidifier

(a) h1w0.5

ZESHFN - fE TR T S
IR RSO (2023.3.7)

Obs. 1.2m

Height of the
humidifier inlet

Z - .- -
0.2m
Sim. 1.2m-
Height of the

humidifier inlet

3 P |_2
Z1 -4

0.2
m =y

Distance from

humidifier 2m  3m  4m

(b) hiw2

Obs. 1.2m

Height of the
humidifier inlet

Height of the
humidifier inlet | |

|

2L S . N—
0 ml_,y

Distance from
humidifier

Obs. 1.2m

Height of the
humidifier inlet

Sim. 1.2m [‘;C]

Height of the
humidifier inlet

I -2
z
t -4
0.2m |_.y """"""
Distance from
humidifier Zm 3m  4m
(d) h3w2

Fig. 4 Comparison of air temperature decrease in the experiment
(upper) and the simulation (lower) of (a) h1w0.5, (b) h1w2, (c) h3w0.5,
and (d) h3w2. (Red square shows the area in which the temperature

might not measure correctly due to the adhesion of water droplets.)
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Fig. 5 Comparison of air temperature decrease averaged in
observation slice in the experiment and the simulation of (a) h1w0.5,
(b) h1w2, (¢) h3w0.5, and (d) h3w2.

WO — AT CFD &7 /U IEIR EEZS b oo )
AL L7223, FHEGREUED NSV — X (Fig.
5(a,c)) O, IRERD> 6 DFEEEDS 2 m LIBEDOEH 3123 T,
TR N ORGSR B D, ZiUd, IEED
A NI L7 2 & C, iWRNHERICE EE o7 T
WIZEZEZBIND, ZORKE LT, EERANEEROWR
H 0BT A ELR = R —Z 18 N U 7= ArRE M=,
7T MV, BUINETE DY = Xy MR RREE L7z
AREMENNE 2 HiID,

FRIEEFRIZ OV THRRTT 572012, CFD HHE ORI
DWW, EIRO HR RT3 D IRFEE LA & IR
TRAL i % Fig. 6, Fig. 7\~ d, 70k, HAKHIE
B HAANC DD TR TIRX 0 72572 7-0F
T 5, INBENRZNr— 2D FH N, B ERER e
ARG SNDIREN S < 725720, BERFIIAEL
725 JEJRBGENS K E N — AT, R O7SEIZ L - T
R INTZZELRDORERHE Y Ao, i~
RO R DT, 7, BvINER S ZFE T DR
(IR 2 B R EUE S K E WAL 72508, A

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

OB X D BEREEOZEITINEEN LA K E <
ot T, THEED L\ NE EBE I INE R S H
SN INERINZ L 7257072 E 2 BND,

hiw05 | [°cl
-0
hiw? ———— -1.0
- -20
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h3w2 T ——

Fig. 6 Temperature decrease at the center of the wind tunnel

—

h1w0.5
[keg/kgl

hiw?2

h3w0.5
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Fig. 7 Fine droplets mixing ratio at the center of the wind tunnel
4. HEEm

ABFZEDRS M LA I E LD D,

1) JRGRZEERIC TR O & DIREAR L EE L,
i, SRR EE3 5- 2 D §ERE 2 ST LTz,

2) KOWELET NVZEFHALTZ CFD E7 /W,
FHERCHIE L 72RO 2 mH L7223, HRiC
JEWIR RS N SN — 2T, HIE T O PEIR AR T 21
R L7z,

3) CFD #HRLOREEIN LD 720I21%, JEBOEFROUEEA
VEERD EEZOND,

SEE  ADFZEIL ISPS BHIFEY 21K14303 DBIpA%IT 2%
DTT,
2% X ]

1) Takashi Kurabuchi, U. Yanagi, Masayuki Ogata, Masayuki Otsuka,
Naoki Kagi, Yoshihide Yamamoto, Motoya Hayashi, Shinichi
Tanabe, Operation of air-conditioning and sanitary equipment for
SARS-CoV-2 infectious disease control, Japan Architectural
Review, vol.4, pp.608-620, 2021.

2) Edwin Kessler, On the Distribution and Continuity of Water
Substance in  Atmospheric  Circulations,
Monographs, Vol.10, pp.1-84, 1969.

Meteorological
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POMIZ& BF B AIMNEEELLIZE X 52 E 5
Investigation of Effect of Limb Cooling by PCM on Physiological Changes

ONEm 8L CRERIFSLRE)

HHOEIE (RREXT) AT e~ CRBRANKT)

Hiroaki HIDA*1 Atsumasa YOSHIDA*2  Shinichi KINOSHITA*3

*1 Osaka Prefecture University *2 Waseda University *3 Osaka Metropolitan University

The effect of limb cooling by PCM on physiological changes was examined by subject experiments and a human body

thermal model. Experiments were conducted in an artificial climate chamber under two conditions: a basic condition (air

temperature, relative humidity, and walking speed of 30°C, 50%, 4.0 km/h), and a high load condition (35°C, 60%, 4.0

km/h). Calculations using the human body thermal model were also performed under the same conditions. From the

experiments and calculations, the positive effect of limb cooling by PCM was shown in core temperature, blood flow rate,

and sweat rate under the high load condition.

1. #8

L — N7 A 72 RBGIC X 0 AR HZEm o0& E D
HEITL TS, BEMUICKT 0K & LT, RpnED
WEET DAL, REZRGEEMLE L TRENER ST
WD, FERREIZIT AVA @S M & RTINS,
RIS EF- U & ISR LA nsE 52 L ©
AR B D3 5, AVA IIE D& 23N 2 4
HH 5 Z & Tl AT iR 2 (RNICEER S B REMIRE 2 T
FOEPHIESNTRY, KBICE D FEAHEIT
HESNTND Y, L UKBITESINHIR SN D728
TSHEFERIR O D, MmEARE LT, KT RGH
WD Z & CERMEEED D AREMN HH D, —iH
PRAREAICIRRE MK, ACmEZHESETLED
e, MR ESL Z EARMETH - Y, 2D
TAMFETIE, FBESRIREEDS 12°C ORI R

(Phase-Change Materials, PCM) % W\ CTemil a1 T
D6

2. EREEERIC K ST

2.1 1REREEER & RS

FEBRIE 2022 4ED 9 H~2023 4ED 1 H D 10 5 16
R Z KB RFH E E S v /XA AR TR
(REERETAPRIERE) T L7, s TR 51
A2 A4 CHEIL 185 cm & 172 em, {KEIL83 kg & 74
kg, BMI [Lii# 25 Th o7z, #ERE TV CTHTiER)
FBRZ, JEEIE THIC PCM IC X D FRMHAEIT Y BE
EATOIRWA T 2 [ FEh L, AEEOHERS O M
REEAT - 72, HBRE XA H O BLFEORFEEZHIR L,
U ISERIGENC BB AN KR 26 CICRRE STz
T 30 DN A & D, B R ONER O]

FRZAT > 7o, AP ELLE I = THE LT, £ 72,

BERE A OERNO K 8% R T 5 7o DI HRE R DY
300 g DOKFEIRZEITY, FRFFOIRE L L CI3EKE
0.3cloDEEAT vy, ARy, $ U ZLTli—
L7,

2.2 EERAE

FpTm haEXK LIRT, ERGITCEEE, ®
AR AT =2 ) 7 LR BIAR 30 Sy DMERT 2%
LV, HREZREIEE S TG FEBRABA LT,
BRBTIELES, EHAME L TRy RV LD HE
4.0 kmh OAATIEEYZ 30 /3T, OB MEIRFRH &
L CHENZZERIRAE C PCM IC L B2 H 2 30 43R T U,
BAZNZRIEIRFH] & LT 30 TR DI &ff 21T O FhR %,
B OVEINRBRBER R E ST BASE L L TR
I 30°C, FHXHRE 50%, FEARSHIKRT L TAE~DEL
Az L -mAmStt & L CAUE 35°C, MRk
60% D 2 S CHEBR A FEhE L=, WEFIE LCiXmio
12°CO PCM Z M F /&I A i L7z, FOmHANIMAH
Fzf20, BOHANTEEE Y X ALORMIHkirZ & T
1Tolz, MEHEEIL BREEZE LS LCRUR, HIHEE,
PCM GEIFIOIREE, APREEE & U CREIRE (7T5), &
HREE (EARE), mieE (B, ITE(RERLR),
D%, MEARIE Lz,

Walking | Limb cooling | Sitting |

0 30 60 90 [min]

Fig.1 Protocol of subject experiment for limb cooling by PCM
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2.3 EERHER

BRIRSAFOREREFIE, RS T, KiED 30.8
0.4°C, FAKHREEN 45 £ 1%, BHEFIOIREED 13.6
4.2°C, BAMERIET, KiEAS34.2 £ 1.2°C, FxHRAE
DNBT £ 4%, WHEFIOREN 15.2+1. T°CTH - 7=,
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HIE TREO VR RS2 L O E Tz L7, (0M4A
Bud 1 RO & & 0 IEELRE T REO. LR
DIENE TREO A b OFEE Tl U, g
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Fig.2 Effect of limb cooling by PCM on core temperature rise
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Seasonal Adaption of Physiological Reaction under Hot Environment,
Comparison between Fall and Winter Results
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Ryoma UEDA*1 Ryusuke YASUDA*2 Atsumasa YOSHIDA*2 Shinichi KINOSHITA*2

*1 Osaka Prefecture University, *2  Osaka Metropolitan University

Physiological responses to the same hot environment in fall and winter were investigated by subject experiments using

an artificial climate chamber and a human thermal model. The results of the subject experiments showed that the amount

of perspiration was lower and the tympanic temperature increased more in winter than in fall. The human thermoregulation

model analysis showed that setpoint temperature in core layer was estimated to be lower and the amount of sweating was

higher in winter than in fall. Further study seems to be required on the estimation method of set point temperature and

seasonal differences in sweating function.
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Table.1 Subject data
Subject | Height | Weight | Age | BMI | Experiment date
[em] | [kdl
A 185 80 22 | 234 | Nov.4/Dec.15
B 176 83 23 | 26.8 | Oct. 28/Dec. 16
C 175 76 24 | 248 | Oct.27/Dec.7

7 2 | 9IE D PR 0 R EE & N TRE=E A A
T5Z L CTRBED AT v 7 IRE(LE A7 L. A
DZHEG D EERIE 30 IR CH 0, T A B < BER 2
FLZFIRIBIC S 2. 7288, FEXHBEIIA TRBEENTO
HHHEATEETH Y 50%& L7z,

WEHE B EREGEE, i, T, g, KR T
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E, BNEEZ 10 B, mitEz 1B, RPrsiTaz 2
B, KEZ 154 & L=, £ 3 ICHEHRO—EERT.

PERE LA TR 7= O\ ZHIE D 1R & 25 By
TIZHEE, 9 R CICHIRT 24IE LT D & & big,
REHRTH X Vv a— B L 7. E5Y HITER
Mo Uiz, E£7o, HIEBLRO 1 RFRIFT2 5 25°ClT
ZERRRE SNAHEEEICAE L, P, HIgRo%ESER
J U 3009 DARSTERAEAT 7=, FBRIPOREIAG T
XY, AEERRY, Y H03clo)E L.

Table.2 Experiments protocol

Phase Time Air temperature | Measuring point
(min) °0)
1 0~30 25 Waiting room
2 30~120 38 Climate chamber
3 120~150 25 Waiting room

Table.3 Measurement instrument

Items Instrument
Skin temperature ['C] Gram/ LT-ST08-12
Rectum temperature ['C] Gram/LT-ST08-11
Tympanic temperature [C] TECHNO NEXT/DBTL-S
Blood flow [g/min/100g] ADVANCE / ALF2
Sweat rate [g/min/m?] Rousette Strategy / SNT-200
Weight [g] AND / GP-100K
Room temperature [C] T&D/RTR-53
Relative humidity [%0] T&D/RTR-53
Wind speed [m/s] KANOMAX / ANEMOMASTER
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Fig.2 Variation of room temperature and relative humidity
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Fig.6 Variation of sweat rate (Subject A)

Table.4 Start time of sweating and shoulder skin temperature

Subject Autumn Winter
Time(min) | Tsh(‘C) | time(min) | Tsh(‘C)
A 42 34.81 57 35.49
B 46 35.36 75 35.70
C 84 36.34 92 36.79
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Examination of non-invasive measurement accuracy of core temperature
OFE Z¥H (KBUFIRT) HH EIE (RRERKT) KT #— (RRANK

Hironori Shinmiya*1 Atsumasa Yoshida*2 Shinichi Kinoshita*3

%)

*1 Osaka Prefecture University *2 Waseda University *3 Osaka Metropolitan University
Observation of core temperature is important for human life activities. However, conventional methods are
invasive and uncomfortable to the human body. Therefore, this study was based on Dual-Heat-Flux, which

allows non-invasive measurement of core temperature. We aim to improve the accuracy of measurement in

terms of heat transfer. As a result, the improvement in measurement accuracy was confirmed.

SCHE (2023.3.7)
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Measurement of the effect of improving the thermal environment

for cool spots in front of stations

(Part 1) Comparative verification with and without measures by WBGT
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W SRR (RIRASLRT)
Yukina TAKAYANAGI*1

*1  Osaka Metropolitan University

Yoshiki MINO*2  Minako NABESHIMA*1
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Masatoshi NISHIOKA*1
*2  Osaka City University

The temperature, humidity, wind velocity, black-bulb temperature, solar radiation, etc. were measured at the cool spots in

front of stations installed as an adaptation measure to the heat island phenomenon. The measured data were compared and

verified for each location and time. As a result, it was found that the effect of the countermeasure at location C was the

greatest in 3 locations under the environment where mist evaporates appropriately and that the WBGT differences during

cloudy weather were calculated to be larger than the other because of wetting sensors by spraying mist, which could lead to

overestimation.
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Table 1 Measuring items and senser and instrument

Mesurement item |Senser Mesurng insrument

o Radiation temperature sensor Vector radiation thermometer
radiation

temperature Globe ball(5cm) Amenity
Globe ball(15cm) Logger(made by campbell)
Plati t it
aAlnum emperature Logger(made by campbell)
resistant body
temperature — —
Thermistor Amenity
Ultrafine thermocouple(Ttype) |Logger(made by Tand)
wind speed Hot wire anemometer Amenity
Humidity sensor Amenity

humid
Thermo-hygrometer

Pyranometer

Logger(made by campbell)
Logger(made by campbell)

solar radiation

Temperature
Wind speed
il Humid
Radiation temperature

Fig.1 Measuring equipment
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Evaluation of thermal environment improvement effect of cool spots near stations:

Part2 Utilization method of vector radiation thermometers
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The paper aims to measure the radiation environment by direction at cool spots near stations using vector radiation

thermometers and to estimate the effect of improvements. Especially the effect of temperature reduction by evaporation of

mist adhering to the surface of people and objects under mist spray. The sum value of latent heat of evaporation and heat

storage was obtained from the heat balance equation of the blackbody tape surface on the vector radiation thermometer,

and the cooling effect of the mist was measured based on the differences of each sum value with and without mist

spraying.
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BEXDAREFEERRELS JUVEROE & DOBER

Relation between opaque curtain and thermal environment of bedrooms or sleep quality

OF R JA CREisZRY) = M CRBRASZRS)
Shu YOSHIMI*1  Noriko UMEMIYA*1
*1 Osaka City University

For this study, we used surveys of 770 nights administered to 137 residents of apartment complexes in Osaka city during
2015-2017 and 2019 in summer (July—September). The survey included sleep quality using the OSA sleep questionnaire,
behavioral records kept at 30-min intervals (regarding use of air conditioning and opening and closing of windows), and
bedroom temperatures recorded at 10-min intervals. We analyzed effects of opaque curtains on sleep quality and the thermal
environment from 2 hr before bedtime to 4 hr after bedtime and from 1 hr before waking up to waking up time. Results of
this study show that, in bedrooms with opaque curtains, the average room temperature before waking up does not differ from

that in continuous use of AC even if AC is turned off at 4 hr after bedtime.
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Operational performance of air conditioning systems in ABW- office
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NN
Yusuke KOBAYASHI *!
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*1 Takenaka Corporation

This study reports on the operational performance of air conditioning systems in ABW-oriented offices. The analysis

showed that ABW enables workers to autonomously and spontaneously select the optimal location for their work

according to their work environment, functions, and comfort requirements, and that architectural and environmental

facility planning for ABW has the potential to reduce energy consumption compared to standard buildings.
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Summer sleep quality with natural ventilation

OFT B (CKRIRiizks) e e CRERMNZRY)  ER A CRERATZKRS)
Atsuya MIYASHITA*!  Noriko UMEMIYA*!  Shu YOSHIMI™
*1 QOsaka City University

Tropical nights in summer have increased in recent years. Earlier studies have indicated that people who
sleep with windows open tend to have better sleep quality than those who use air conditioners. We can elucidate
the reasons for this. The method consisted of a 7-day questionnaire survey and measurements of the
temperature and humidity in the subject's bedroom during sleep. In conclusion, findings show that the bedroom
WBGT is inferior with the window open. However, respondents with open windows who answered that they

were unconcerned about sunlight or heat in the bedroom scored higher on the OSA.
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Tablel Definition of WO and AC

Acts of regulating the thermal environment
during sleep

27 patterns

WO
(n=198)

No air conditioning, windows open
(including temporary use),
fan use or not.

X0X Xx00 xot
xtx xto xtt
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(n=191)

Full-time air conditioning, no windows open,

no fans

OXX

00% 50% 10.0% 150% 20.0% 25.0%

Fie.1 Fregency of thermal control use during summer
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Dwelling unit attributes for units with both high cooling and fan use
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Synopsis : Numerous studies have specifically examined primarily cooling and natural ventilation, but few have

emphasized investigations of fans. Therefore, the author used five questionnaires to investigate factors leading

to the combined use of cooling and fans. The results revealed that 1) the pattern of combining air conditioning

use with other adjustment behaviors is mainly selected in recent years, and 2) the combination of a fan with

cooling was found to be related to solar heat, solar glare, thermal sensation, and thermal comfort. These items

were interrelated in the window directions.
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Figure 2. Dwelling unit attributes related to using/not using fans together AC use
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Figure3. Window direction and other Factors related to using/not using fans together AC use
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Figure 4. Thermal sensation and other Factors related to using/not using fans together AC use

EFx.ACO.
NV/(A,S) x

EFO.ACO.
NV/(A,S) x

1 1
OtcO-H4~10

1 1
BtcO-~H3

0% 20% 40% 60% 80% 100% BtcO-sgO OtcO-sgA OtcO-sgX  pid-Hil~ OteA - ~H3
EtcO-shO DtCé'S?]A DtC(S'SJhX . . . @AtcA -H4~10 @tcA-Hll~
OtcA-shO BtcA-shA BtcA-sh X OtcA»sgO DtcA-sgA BicA »sg X utgx-~H3 .tﬁx “H4~10
Otcx -shO Etc X shA Btcx +shx OtcX-sgO WicX *sgA BiCX *sgX  micx -H1l~

Figure 5. Thermal comfort and other Factors related to using/not using fans together AC use
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Stay Comfort in RC Apartment Building and Traditional Townhouses during Natural Ventilation
(Partl) Subjects Experimental Summary and Results
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Natural ventilation has long been practiced in Japan, and it has attracted attention in recent years from the perspective of
carbon neutrality and as a preventive measure against infectious diseases. The purpose of this study is to understand the
factors affecting the coziness of residents during natural ventilation from psychological and physiological points of view. In
this paper, we present a summary and results of human subject experiments conducted in a room of a traditional townhouse

where natural ventilation has a significant influence and in a room of a regular RC apartment building.
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Table 1 Conditions of the Experiment

i A IR o W B2 S
FIRF R R SRR SCE  (2023.3.7)

Table 2 Mesurement Items of Physical Environments and Physiological Parameters

Classification Contents Position Device
Case | Exp. Room | Window state | Exp. times Indoor temp ., humidity FL+100,600,1100 T&D Co., TR-76Ui
Top | Townhouse |Open(on Natural |4 times/pers.  Physical I"L;T;?szmc Top:FL+6(?(;1, rspdj:lc(lfuuoo Rico:”cjcf’];il-jslz
Ventllatlon) . environment . N .
Aop P 2 times/pers. Air velocity FL+100,600,1100 Testo, Smart probe testo 405i
Apt. building ) )
Acl Close 2 times/pers PMV Top: FL+600, Aop.Acl: FL+1100 Kyoto Electronics Manufacturing Co., AM-101
pers. Phy siological Brain waves 2 pt. on the back of head, 2 pt. on the frontal pole Miyuki Giken Co., MP208
vsiologic Heat rate, chest temp. Chest TDK Co., Silmee Bar type Lite
Period of Tasks 7 L Table 3 Contents of Questionnaire
A : d2test, B : Productivity test Break Questionnaire Contents of Questionnaire Scale
Brightness of the whole room 7 pts. Bright ~ Dark
P Take off:
ut on Task [ Task ake o Thermal 7 pts. Cold ~ Hot
devices ® A @ Bt ® B devices sensitivity Diyness of the air 7 pts. Humid ~ Dry
Freshness of the air 7 pts. Fresh ~ Stuffy
15 min. 30 min. 10 min. Sound 7 pts. Noisy e Quiet
N Current of the air 4 pts. Sensitive ~ Insensitive
about 80 min. Degree of Direct sunlight 4 pts. Sensitive  ~  Insensitive
Fig.5 Timetable of the Experiment g sensitivity | Brightness of Natural sunlight 4 pts. Sensitive  ~  Insensitive
— . - a Odor 4 pts. Sensitive ~ Insensitive
FEERSA A Table 112", HIEEERT O AR I ‘E odor 7pts. | Comfon__~  Discomfon
N . - ~ g Current of the air 7 pts. Comfort ~ Discomfort
W (B Top), HERURO —SEORARIAEN (1 | o | Combr - tontn
TR Aop) K OHERFO—=DOE R (Ac) D3 5% 3 ——— T o
,fq:& Lf:o v \fﬂ@%{q: %Ff&%m%%}ﬁ%??ofb \focb N, — g Overall Comfortableness 7 pts. Comfort ~  Discomfort
g Brightness 7 pts. Satisfied ~ Unsatisfied
NE7-0 OEBRFEEL, Top Z 40, Aop = 2[A], Acl 4 ~ Reason ofdi Frowding|
- . - ‘Themmal emvironment 7 pts. Satisfied ~ Unsatisfied
Z2BIOEF 8IEITH D, IR UHIERE TH S h3E — Reason of dissatishction | Froownting | — — —
. L Satisfaction Air quality 7 pts. Satisfied ~  Unsatisfied
l/ 7L£ A J: ) %‘Sﬁ 7& 'fT @) f:o — Reason of dissatisfaction Free writing T
e 3 - Sound 7 pts. Satisfied  ~  Unsatisfied
%5& A /7 va—)b ;&‘ Flg. 51T7R To %&Eﬁ%‘ X gﬂé%ﬁ E —Reason of dissatisfaction | Free writing [
N, FRBIAZ R T b L R O T — T
. 24 N - 2 === Esthetics 7 pts. Refined ~  Unrefined
HLIz, ZO0%1BIAOT 7 — MRIEZTV, & , —— et 1
O ( LEER, 7707y PORLHL, BEBLH g Farilrty Zow. | bmw - Unamiic
] Imness pts. ~ n-
E’ﬁ@ﬁﬁ ) %Eﬁﬁlyg‘ l/\ ';%‘J'd_é aj- T% I:I:ljj %Y/E\IJ é d2 ’7"— A }\ ? )( 'f’T:‘ 'é An:iem Sense of Nature, Season 4 pts. Sensitive = Insensitive
173 nature
N I\ S . — R 4 £ " "
% A) % 15 J7 Fﬁﬁ%ﬁlﬁ L/?:__O dz TX }\ #@T'fﬁ\ 2 IEI E 0)7 E Satisfaction Overall i‘a:slﬁ“z::::s;iScmay 7915 Satisfied o Tsatlsd
Vr—h IEI% %?ﬁ’ AN ﬁ()\{ﬁ(’%l@?)ﬁ’éﬁ @ﬁﬁ%@ & 9‘57}'@ L. Comments|COTeRLoTar, Sound, Blightness, | - T ———
~ Odor, S i
30 43R D IREE A Bt B0 7o, PRI 405705 2B R 5 D o ] g o i 7o orimd sl — Ve ind
Current state
ke _ NN - . Degree of relaxation 7 pts. Relaxed Stressed
ff 7T_<-U: L N U 7 b4 & X L Tl@ — —a— J: j *Elfj—\‘ L/ f:o {*ﬁ_‘ﬁw'fﬁ ? Easiness of relaxation 7 pts. Relaxed ~ Stressed
N . N N P = = 5 Easiness of Simple task (d2 test) 7 pts. Easy s Difficult
3 IEI H DT /7‘— ]\ @% %?TI/ AN {E(’%E‘Z ﬁjﬁﬁﬁ O)%ﬁé}\ L/\ tasks fistributed task (Productivity test)] 7 pts. Easy ~ Difficult
N — 3 3 Ci trati the task: 7 pts. Eas; ~ Difficult
e CRIEVBENERHEENT A RIMEEB) 210 Fo T Sapemrams | ire B T
PAN:I=E==5 5 - VY N - P == < 8 Pivergent task (Productivity test) 4 pts. A ~ 1 bl
7 FEﬁ ;éjjm L/f“o %O)Tﬁ‘ 4 IEI E o) //7 ]\ IE[/g%TTl/ N 8 “\\ Usability of the work 7 pts. Important  ~  Unimportant
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Stay Comfoet in RC Apartment and Traditional Townhouses during Natural Ventilation
(Part 2) Psychological and Physiological Considerations for the Difference between Subjects
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There is a wide variety of factors that affects the comfort of natural ventilation in a house, including airflow,
room temperature, outside sound, natural light, smells, and outside views. In this study, the effects of these factors
on the psychological and physiological responses of occupants were investigated through subject experiments.
Experiments were conducted in two locations.One is a traditional townhouse "Tekijuku" and the other is a general
apartment building.This report discusses the psychological evaluation and EEG characteristics of each subject.
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With the recent spread of novel coronavirus infections, natural ventilation has been the focus of much attention.

However, few studies have investigated the comfort in the rooms of houses during natural ventilation from the aspect

of physiological quantities. In addition, it is thought that there are differences in comfort between natural ventilation

in general apartment building and traditional townhouse, where occupants can strongly feel the nature outside.

In this study, we conducted a subjective experiment to clarify the comfort of occupants in a naturally ventilated house in

the vew of a psychological and physiological point. In this paper, we report on the effects on the subjects of environmental

differences such as housing and window opening/closing conditions.
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Recently, the importance of human health and well-being has been emphasized, as in the case of the WELL Building
Standard. In office design, the environmental design of break spaces is attracting attention because taking effective break
can enhance workplace productivity. This study aims to investigate the option of the change in the indoor environment
during break on occupants’ performance. Both the psychological and physiological responses of panel were observed
under five different conditions of indoor break environment and the responses without break were also examined for

comparison.
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Fig. 3 Result of subjective evaluation (mean value of all panels)

7o % R (Relax [H7E) . SRV NEIR U724 % Re
(Relax J&R) &35, 10 3 OREOM, HA) 8 77ix
VI w7 AT 50, ED23T)V 7Ly, ®
FE L 7RAE CIROVEEII AN D L ) ITBRREZ (LS H T
Z:{f% Relax & Refresh 5 &35, 2 COERE 35
FANTH O T4 (Relax [E7E & Refresh [H7E) % Rf &
Fc & L., 7X%JLI3 2 45 [ D Refresh B DB 0D A % j3
IRTE7-540F (Relax [H7E & Refresh #4R) # Rf & Fc,
M7 & b SRV DN U2 BRI E L7254 (Relax
R & Refresh j84R) % Rc & Fc &1 5, 7=, ks
72012, 10 3 ORERZ U CEEA Tt T T-1EER (S
RT) ZBINL. 5t 6 R CHEEREIT -1z, FEERBAMGE.
INFJTIREHZERIC CENEREE A 10 2R L7223 6 |
Rec KO Fe OBREESA: %5 71'3”?‘%.') D%, EEZEMIC
BE) L, ABSOSHERS 228 Lcik, 1 [EIH OO
Pl 21T o7, AR 154 F'EH’F% (B (1) ZFEhiL7-
. 2 [ H OLBEEHl 21TV, AREHZER]C 10 sy AR
EATo 70, R T4, 3 [B1H O LBRHE 2 3256 L 7=,
72120, 20U 7Ly v a KR A > TWDHEMHT
1LV 7 v 7 ARG A O U 72 DB & 550E L 72,
FEREICEI LTI, BB ERET 5720, &3l
T 4V L THESTo, VEHEZEMIIHL L R 2 7501,

EIREE 3500K (2t — L, FREDRZ WK 5 ~3—F o
“/a VORI o7, REZERNCIZREE & RS T AT
IREERE AT T2, U T v 7 RREEORREREE T

ﬁﬁﬁ&: 1001x, AR 3500K, (ZISV\EZEMEL | i
L@%ﬁ?%*bkob@éﬁﬁ%@ﬂm@ﬁ%hM&
21T, AR E LT, I ((BR) =7 MP208)
%?HIJ”E L, DERISELTTY T — b aRE ST,

JIbA 38 13 [ B 10-20 212 eV, O1.02( #2888 ). Fpl.
Fp2( BIgEHS ) ZHIE Lz,
2. ERRfEREER
21 DEEATHREER

DIREOR R % Fig. 3177, BNBREEOPAPE
RNV DPAPEE (Fig. 3(a) ~ (d) L 0 . 54 (Re&Fe)
IZBWTC, YTy 72 U7 by v o ROV TEN
FHmA Oz, Ko T, KB OBREABRT 5 2 &
2, BEESNZERECTHITHALY b, KEZEROE
WERBE 2 TR 12 U A FTREME S R S vlz, 72, V7
Ly a LT E (Fig. 3(F) k0. £ (RE&FS) 12D

TIHRFHATD DAEERIIONT THERENR A LI, KT
WCRESBREZBM IS Z L TREFP+3ic) 7Ly
Ta TEX LRIV RENT, VI v AE VT Ly
= JE (Fig. 3(e). () 2D\ TS (Re&Fe) Tix, U



ZETRRN - AR TR we S
A-61 SEARTIERE R AR CE (2023.3.7)
Task(T) Relax(R) -o- Relax&Refresh ‘ - —— -0
(T) (Rf) (Re) (R&F) Reference: (RF&Ff) (Rf&Fc) (Re&Fc)
X10* X10*
6 N “Relax - Refresh(R&F) [ | 4
o ~ Relax * Refresh(R&F’
3. | E 12 Relax (R) 3
74 L~ i Task(2) (T)
g 4 e doge | povolen, LN s, BBONOR A
g £y * z O =t bz 2 P
5] @ i
<2 | 5 4 Sokaglyds e
et TEak() Relix + Reffes{REF) IIEEKE) 5 Task(1) Task(3) 1 Task(1) Relax - Refresh(R&F) Task()
g Relax (R) ’ % ‘ Relax (R) ‘
o Task(2) (T) Task(2) (T)
= 0 5 10 15 20 25 3 S tme 0 3 10 15 20 25 30 35 tme 0 5 10 15 20 25 30 35 tme
(min) (min)

(a)Average power of o waves for all panels

(min)
(b)Average power of f waves for all panels

(c)Average P per a for all panels

Fig. 4 Average EEG of O for all panels

Task(T) Relax(R) O Relax&Refresh L —A— g
(T) (Rf) (Re) (R&F) Reference: (Rf&Ff) (Rf&Fc) (Rc&Fc)
6 21 X10° 4
g 2
3 =2
s 172
s 4 g %
> z 8 ﬁm
: “ B T
=%
S 2 i 5 40 &
a Task(1) Relax * Refresh(R&F) Task(3) e Tak) IR T 1l—— T o T a T ]
2 1 ( Relx® g i T Rm® R ®
Q? 0 ‘ Task(2) (T) i .:E 0 | Task(2) (T) | . 0 Task(2) (T) | )
5 10 15 20 25 30 35 time 5 10 15 20 25 30 35 time 5 10 15 20 25 30 35 time

(min) (min)
(a)Average power of a waves for all panels ~ (b)Average power of § waves for all panels

(min)

(c)Average B per a for all panels

Fig. 5 Average EEG of Fp for all panels

T w7 AR U7 Ly v 2 BBV T ERHIN A DAL,
FRZY 2y 7 AETITAEEZD AN TE Y, BEKE
(Fig. 3(2)) 2OV T, [AERIZSAT: (Re&Fe) IZIWTH
BEICEWEHER R bl Lo T, R OBREE 48R
T5HZEPMRAZEMTRHAEEZY 7 v 7 AT
L AMREMED R STz, TEMEEE (Fig. 3(h)) IZ2W\ T, &
(RE&FS), (RE&Fc) TITEMENY T v 7 Amb Y 7Ly
Al CHEICER L TEY, AR TRICRI RS
BY 7Ly aTELIIICENREEZALSEDZ L
W& o TRIFAENEM L L O e rTREME VR SN, R
J7EE (Fig. 3()) 2D\ T, & (T) Tid, gl & i

L CHEBRTPABIENEN D EBIREAT D 2 & AMEE
DR 55 E DB D722 D ATREMEAVR & Tz,

224 BENTHREER

JI I 1% FFT % Jiti L C o (8 ~ 13 Hz) & B (13 ~
30 Hz) D/80 —fl (uV), o B LB IO/ T —fE %
ol & B, 00 (4~ 8 Hz). §i(0.5~4Hz) %
NONT —EOBFITHI - 72 a WEAHFE, PIEAHE,
BIKD/RT —fi % o K DT —EHTE| - 7= Bla KD T=,
7k, VEERNER 7 E OEF BT & X 1T Bla TN
THEIND,

FBRIZhHT- o> T, BEMT, B Q) OFHEITNT
NOFMTHERESRFIIFRICTH D 2 L ovs il g &
I B (1) DABEORHIO G M i 21T - 72,

01 - 02 DRIED Blo. DFELID /SR NASEL] o o<
T —fED SR BIEDRT —ED RV &
Fig. 4, £ Z 41D Fpl « Fp2 O il O 15 % Fig. 512
R MR SRR e E (1000Hz) LT, 1 4
FHIEB LTEZ R LT D, 7y ME 1 oEY %
ARLTEY, 0~ 14 58 HIFMEEN)., 15~22 5113V
T 7 A 23~24 HHITY 7Ly ya (5 RS, (Re)

TIZ15~24 5013V 7 v 7 A, S (T) TIX 15 ~ 24
BRIIEE Q). 25 ~39 SHIIMEEQR) Th D,
BEAEFZE & [RIREL, X O @ B/a(Fig. 4(c)) DAEAS d2
7 A MHFIZHE AR TREERE T L TR D, SR2uiT
REFHTY Ty 7 AL W EZBND, £7-. &t
(Rf&Ff), (Rf&Fc) L5 (Rf), (Re) & bl LT, Plo .
B /T —fiti (Fig. 4(b). (c)) DAEY 7 L ¥ = PGS
W EALTRY, ENEEEAZLS T BIC LD, N
FIVINFERIRBEIC 22 > TNV ATREMENE 2 bivb, —
T, 4 Fp @ pla(Fig. 5(c)) 7> HAVEED R T X
SIRTFLTWE, £/72, ZOFEKRE L Tal Sy —fE
(Fig. 5(a)) 2MEER P OB Z RN T A EH LT
WD Z EDFRD B, BURIEREHICHES T I &k > THI
SHEROIMIE O o /30 —lEN EHT 5 Z LR ST,
LU, B O l2 oW TIZ Z OBAITA BT,
O & Fp THEARDFERENE O, [F CATEICH MM ol
TEENIAC K o> TR 2 BB & R T Al REMEDS 0o 72,
2. IVEERBIERRLER
AEBRTIIEEL LT T X N g E1To72, d2
T AMEI, EFIC1 ~4HOER™N=d & p D 4T
T 14T TR SN TEB Y, XFOETORBAER 2
DD d DOLFRHECEIAE DT 5, 7 A N 1TRIONZIL,
FAT 12 B OHIFRIFR T 14 17e T CHEIET 5, 1E2E (D).
B2 (2). 1B Q) ICB T A1EERMF DR ¥ 2 —1
FLUFO®@Y Tho, B (), 3) Tikd2 7 A bz 2
Bl 722, BMAITV, 0% A2 T A NEFH
FE2 BT, E¥ Q) TiXd2 7 A b % 1 [EIfFED
BB, BOREITW, Z0% 2T A MEHE 1A
T, ZnbEMAGDE, &4 (T Cixd 7
Z b 10[A], S (T) PSR T2 d2 7 % k% 8] 90E L 7=,
d2 7 A M, ERERE NS AR T Lz, AR



ZESAHRN - A TR S

A-61 IR R R LR CE (2023.3.7)
- -O- 0 .
Task(T) Relax(R) Relax&Refresh - —h— %:p<0.05
(T) (Rf) (Re) (R&F) Reference: (RF&Ff) (Rf&Fc) (Re&Fc) $%: p<0.01
80 2
~ Sudoku Sudoku
<8 Y Y
o 16 ;@
) 15
s 74 >
g7 2
270 g1
é 68 a
66 5
>
£
%) 64 mO.S
< 62
60 0

T 2 3 4 5 6 7 8 09 1(3 )
. 5
(a)Average achievment percentage for all panefé

1 2 3 4 5 6 7 8

(b)Average error percentage for all panels(Page)

Fig. 6 Average achievment/error percentage for all panel

Task(T) Relax(R) Task(T) Relax(R)
(T) (Rf) (Re) *:p<0.05 (T) (Rf) (Re) #*:p<0.05
Relax&Refresh - —— - sk p<0.01 Relax&Refresh —- —— b ek p<0.01
(R&F) Reference: (RF&Ff) (Rf&Fc) (Re&Fc) (R&F) (RI&Ff) (Rf&Fc) (Re&Fc)
80 2 @ . 2Effect size of percentage of achievement N Effect size of percentage of error
;\3 g " [Reference:(T) O | Reference:(T)
o8 3 5 08 5 10
E . 2 5
576 & g 04 S 08
3] S « )
5] g 1 b 8
g 3 & o 5 0.6
=74 = s S U
5 2 u/u 5] 3
= 5 g B
g go_s g -0.4 S 0.4
E 72 i3 b= g
< Tk 038 Z 02
Z =
o S5}
Task(1) Task(3) Task(T) Task(3) £ 12RO (Re) (RI&FD(RI&FeNRe&Ee 0RO (Re) (RI&FD(RI&FeXRe&Fe
(a)Change of average achievment =

percentage for all panels percentage for all panels

Fig. 7 Change of Average achievment/error percentage for all panel

ElE, RRIEBERSCTHCEI ST, I ARITMEZ
o T AR E TRl > i A2 2 T A R 1T I
FHL, BRETE SNV LTI b DERERE LT
M U7z, BERICHT- > T G (RI&FD LS,
PEZE (1) TO d2 7 A b 4 [F DR OB A B ),
B3 (2) TD A2 7 A b 4 [l D FGRE D EIE % 1% 1)
& LU THIPE LD ORI T HIREZAT > T,

Fig. 6 (Z/E¥RGE S LT d2 7 & b 8[a] (544 (RA)(Re)
(RE&FD)(Rf&Fc)(Re&Fc)), F 713 10 [A] ( 518 (T)) D
R, I AREIRT, Flo, ERERE I ZAROIEERPE
DIE &AL OB DL 21T - -5 % Fig.
71T, ERER (Fig. 7(a) T, 1B (1) S1EE Q)
IZOWT, fh (T). (Re), (RE&Ff) TIldA B ITEMRE
N EF LTz, —J57C, 2 A% (Fig. 7(b)) TS (T)
WZDWT, L R TER LTRY ., 1EEOARIC
REA L7222 & DMEZED I AR 2 AlREMED R &
Nizo BAR L I RO EE O HFRIZ OV TS
PR (T), ZofF (RE&FS) & BB UCHEM L7 &EF0%)
REOFERZ Fig. 8 1T~ T, IRELITNRORE %
R NS R TFAE T, RGN E L < 7RV A4 &Y
IZR LTS, ABFIETIE, TEERERIC T D1EEDR
ML BRERIUEOA RO ELZ R D720, HEOFE)
ED PR L 7= 2h Bl T 5 Cohen O d % Uz,
S (T) 2 HHEIC L2 2 2RO R E (Fig. 8(a)) Tl
BT EONEENHA LN, KT HZ LN AE

(b)Change of average error

©

)Effect size(Cohen) of percentage of achievement * error compared with(T)

Effect size of percentage of achievement

2 Effect size of percentage of error

Reference:(Rf&Ff) Reference:(Rf&Ff)

0.8

o
%0

0.4

<
~

11

2
(T) (R (Re) (Rf&Fc)Re&Fe) (T) (Rf) (Rc) (Rf&Fc)Re&Fce)
(b)Effect size(Cohen) of percentage of achievement = error compared with(Rf&Ff)

<
~

S
=

Effect size of percentage of error (-)
(=]

o

Effect size of percentage of achievement (-)

Fig. 8 Effect size(Cohen) of percentage of achievment and error

OIS 2 rIREMED R STz, E 72 55 (RE&FY)
Ze JEYEIC UT- AR « S ARO%h & (Fig. 8(b)) Tl
BRI TH DREDRADREENTED i, IR D5
BN 5 2 L0, IR OBREZ 28D Z 20
VEERGEIZ G- 2 DBIIRE S W2 LavRaiTz,
3. BHYIC

AR CIIVEER ORER T OBRBERINMEDO A I L 54
RIS « VEERGEA~DBIZ W T L, RO
2B+ BT« [URBRBE OB DY SR U DB B
PR G2 DAREEAVR ST, Teds, ARRFFRIEKIRK
LT EIERMG PR B S OKRES T, Eli L7z,
(5% K]

1) GHEERS  IRFARF ORRBIBR B8 Y T v 7 AT 5 2 2 58O
RRRE , RIS AE R AN A L2 & 594), pp.211-216,
2019,1

2) FEILD RREZEMIC 1T D BN U EEE DY T v 7
2 U7 Ly vasi U H2 558 (20D 4) BRBH « & - 12
FWBREED AW o A PRI S R OV AL PEE , 22 5GR A -
T E TR R TAIRE LR ,pp.17-20, 2022.9




A-62

i A IR o W B2 S
FIRF R R SRR SCE  (2023.3.7)

RT7Y U THERBETICETHEET HICEVRICET SR

Study on Conjuring Name of Odor in Case of Pairing Deodorization Trial

O 7k B (ErKRE)

AEFTT B (ERERT)

Akihisa TAKEMURA Shunsuke KINOMOTO

Setsunan University

There is significantly less knowledge about pairing deodorization method, which is a method for improving the comfort

of the malodor by adding chemical substances so that the sniffers perceive it as a different smell. We conducted the

experiment that the thirty participants sniffed three malodors and nine mixed odors and so on. It was investigated what

smells the participants judged to be, and consequently, was revealed there was slightly relationship between the odor

impression and the pairing effect, and the part of the mechanism for recognizing participants' odor sources.
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Table 1 Odor conditions and each concentration

ZRRWTZ 304 (119, &k 114 @ SE8 21,6 5%)
THMT5Z &Iz LT,

BV TR (MLO) ) 3 & (o ¥ HEEE la:
WS EY TERNTATFE Rla, VY7 EF L
Da : FIYEHIER) . (R | (1P OfmLE (=7 Y
v 7B (PAR) | 3FEICHOWNT 3 JEREEE A FE L7 9
M (N=F vk A VI ~3: wEERMET. BE
g F el ~3, HEEEA VXU F il ~ 3 Feil
) LoEnoo NEAR MIX) ) 9 &M (Ta_vl ~ 3,
Aa_el ~ 3, Da_il ~3), Z L CIRAKICAIELZIC
BWET/LLE LT HHER (TRG) | 354 (FaaL—
f=ytBURACh, 7HY I v A Ae, T T
Ty A Be: WlTEEHMET) ZERITT-HGE 24 S
& L7e, fRnalBHIEURHR 4R (PET 8 10L @ 3y A
R 7 —H—bBR) ([ZEA LT R % G R % 8
L7m 2R AR L CTERL U7, BIBEIER LITRT,

FEERILMLO &4 & PAR §:F D 1st 7 =— R, TRG 5%
D 2nd 7 = — X MIX & D 3rd 7 = — X DJAIC
Ehii L, 7 =—ANTT T I CREHERIEZ
HeE L 72 st

1. Intensity 2. Hedonics 3. Impression 2L 2 w
Extremely comfort 58 526
Strong Yery comfort 2252533

: Comfort i
Sighty strong 1 Siightly comfort. " amilar F———+——

Perceptible +Neutral

7 . — X‘ -f(: Fi\ %Overpowering

Slighth fort Sweet —+———+—
45'5 11 H 7 ~ 24 Malodor [MLO] Paring odor  [PAR] Target odor [TRG] K‘V:deor U;gcoym?grecum ° Sour —H+—+—+—+—+
Isovaleric acid [la] 0.11 [pm]#|Vanilla ess. ~ [v] 2.3x 108 [-]|Chocolate ess. [Ch] 7.3 10°[-] Yery uncomfort Bitter 4+
e ; ; bttt
Hiz&3s ({E‘ Acetaldehyde [Aa] 0.20 [ppm] [v2] 9.7x108[-]| Aoringo ess. [Ae] 9.7 % 103[-] o
I ik L . 3 4 Acrid ——+—+—+—
Diacetyl  [Da] 17 [] [v3] 1.3%108[-]|Banana ess. [Be] 55 % 10*[-]
biTig f,@f :19.1 ~ Ethyl acetate [e1] 0.38 [ppm] Above 1,2, 3 ar_‘ld ) .
le2] 1.1 [ppm] 4. What smell did you think on smelling it?
23.8 OC\ 33 ~ le3] 38 [ppm] . re description)
_ Isoamyl acetate [i1] 0.025 [ppm] (3rd phase |
50%RH) (2 T 31 2 0074 [opm] Above 1, 2, 3 and
. e fa] 0.25 [ppm] 4. Similarity % EE _&‘: . § .95 5
Z’ D %ﬁz L“‘%ﬁﬂ—]‘ (Odor concentration [-], * : Theoretical concentration) £ E’E %“é 3E %E SE
Mixed odor MIX] FOpoeEpoE=p
PR L
LT N 1 % 2 IJE Isovaleric acid X Vanilla ess. [la.v1], [la.v2], [la.v3] 5. What sm_ell_did you think on smelling it?
ﬁ*ﬁﬁxé\*ﬁ% Acetaldehyde X Ethyl acetate EAafe]], [Aa_e2], [Aa_ed] (free description)

Diacetyl X Isoamyl acetate [Da.il], [Da_i2], [Da.i3]

Figure 1 Scales
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Figure 2 Mean and frequency of odor intensity
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Figure 3 Mean and frequency of odor hedonics
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Figure 4 Mean and frequency of impression "familiarity"
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Figure 5 Mean and frequency of impression "freshness"
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Learning Performance in Odor Environment with Aroma Oils

(Part10)Odor Concentration and Psychological Evaluation under Aroma Oils Spraying

OfEA #H—B8 CRBeR5) s @k Rk 8 0 ORBORY)
ikt B (BBRKRE) /MR FA CRBRORE:) o W% (RIRKE)
Shuichiro FUKUMOTO™ Toshio YAMANAKA™ Narae CHOI™
Akihisa TAKEMURA™ Tomohiro KOBAYASHI"' Koki YAMAGUCHI™

"'Osaka University ~ “Setsunan University

In this study, we have investigated the effects of odors on learning spaces. In this report, we conducted an experiment
to investigate the effects of different odor concentrations on psychological evaluation. Measurement odor concentrations
and psychological evaluation of odor under different odor concentration conditions with 10 kinds of essential oils. In the
psychological evaluation measurement, panels were asked to respond to the evaluation under the normal condition and the

evaluation under the assumed learning. As a result, the evaluation tended to be more severe during the assumed learning

condition than during the normal condition.
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Table 1 Odor Concentrations Table 2 Conditions of Odor Concentrations
Odor concentration Dilution ratio from original odor
Male Female Total 105 104 103 102 1
LE 2.34x10°17.41x10°(3.09 x 10° LE 3.09 3.09x10 3.09x 102 3.09x10% | 3.09x10°
RM [7.41x107|2.34x10%(1.12x108 RM 11.20 11.20x10 [ 11.20x 102 [ 11.20x10° | 11.20x 10°
PM 7.41x10°1 9. 77x10°| 8. 51 x 106 PM 8. 51 8.51x10 8.51x102 [ 8.51x10% | 8.51x10°
LA 5.50x 106 (9. 77x 106 [ 6. 31 x 108 LA 6. 31 6.31x10 6.31x102 6.31x10° 6.31x10°
CY 3.09%10°]3.09x10°] 2. 69 x 10° CY 2.69 2.69x10 2.69x102 [ 2.69x10% | 2.69x10°
GE 5.50x 106 1.74x10° [ 3. 09 x 108 GE 3.09 3.09%x10 3.09x102 | 3.09x10% [ 3.09x10°
EU 5.50% 108 | 7.41x107 | 1.51x 108 EU 15.10 15.10x10 [ 15.10x 102 [ 15.10x10% | 15. 10 x 10°
BE 4.17x108]9.77x10° | 7. 41 x 108 BE 1. 41 7.41x10 7.41x102 | 7.41x10% | 7.41x10°
TT 9.77x10°] 1. 74%x10°| 3. 55x 10° TT 3.55 3.55x10 3.55x102 [ 3.55x10% | 3.55x%x10°
GG | 4.17x10°[4.17x108{9.77x10° GG 9.77 9.77x10 9.77x102 [ 9.77x10% | 9.77x10°

1

Question 1 : How do you think of the odor now ?

Question 2 : Imaging that during your daily work you would be exposed to the present odor,

how do you think of the odor ?

[1]Intensity [2]Preference [3]Pleasantness
5 Overpowering odor + 3 Like very much + 3 Very pleasant

. + 1 Like slightly + 1 Slightly pleasant
+3 Slightly strong odor

% Y g +0 N.eu‘Fral _ + 0 Neutral
+2 Easily perceptible odor | _1 Dislike slightly 1 -1 Slightly unpleasant
41 Weak odor 4 —o Dislike moderately 1 _9 Unpleasant
-0 No odor -+ -3 Dislike very much -+ -3 Very unpleasant

[4]Acceptability of odor environment

Acceptable 0 10

Not Acceptable HHH

0 : Just acceptable or not accptable
10 : Clearly acceptable or not accptable

Fig.3 Subjective Evaluation Items
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Fig.5 The Relationship between Odor Concentration and Dissatisfied (Normal condition)
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Fig.6 The Relationship between Odor Concentration and Dissatisfied (Assuming learning condition)
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Learning Performance in Odor Environment with Aroma Oils
(Part11) Impact of the Type of Aroma Oils and Spray Duration on Psychology of Occupats in a Study
Room Sprayed with Aroma Oils
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Akihisa TAKEMURA™ Tomohiro KOBAYASHI™'  Shuichiro FUKUMOTO"

*] . . *) . .
Osaka University Setsunan University

While odor is a decisive factor for evaluating perceived indoor air quality, its effects on human responses and
performance have yet to be revealed. In this study, the effects of odors on learning spaces were investigated, to find
efficient spraying methods of odor. In this paper, the results of subjective evaluation for students who used the self-study
room where the odor was sprayed were analyzed. The room was divided into three parts (short term booth, blend booth and

long term booth) for experiment. As a result, it was suggsted that a blend of aromas might improve the evaluation.
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Table 1 Experimental conditions

Aroma Condition Time of Number of Pancls
Spraying [sec] | Male |Female|NOn- | Total
answer

Lemon (LE) 60 3 7 0 10
Rosemary (RM) 30 4 8 0 12
Peppermint (PM) 12 4 8 0 12
Lavendar (LA) fﬂ:gfg;’:ngmg Booth) 18 2 8 0 10
Lavendar (LA) §oT8™ © sooy 18 9 | 43 | 1 | 53
Cypress (CY) 60 0 11 0 11
Geranium (GE) 45 0 12 1 13
Eucalyptus (EU) 50 1 8 0 9

Bergamot (BE) 30 2 10 0 12
Tea Tree (TT) 35 0 10 0 10
Control Not Anounced (N_CO) - 1 7 0 8

Anounced Control (CO) 1 10 0 11

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

3 Like very much 3 Very pleasant 5 Overpowering odor

2 Like moderately 2 Pleasant 4 Strong odor
1 Like slightly 1 Slightly pleasant 3 Slightly strong odor
0 Neutral 0 Neutral

-1 Dislike slightly -1 Slightly unpleasant | 2 Fasily perceptible
-2 Dislike moderately -2 Unpleasant 1 Weak odor
-3 Dislike very much -3 Very unpleasant 0 No odor

[4] Acceptability of odor environment

[ Acceptable —> :[
[] Not acceptable —> :[

10 Clearly acceptable

0 Just acceptable
0 Just not acceptable

-10 Clearly not acceptable
Fig. 3 Subjective evaluation scales for odor

Short Term Aroma-Changing Booth
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[1] Progress of Study [2] Fatigue
-3 Very progressed

[3] Time Evaluation

B 73 Very tired =3 Very long

-2 Progressed -2 Tired -2 Long

- 1 Slightly progressed -1 Slightly tired -1 Slightly long

-0 Neutral -0 Neutral -0 Neutral

-1 Slightly unprogressed +--1 Slightly untired--1 Slightly short

- -2 Unprogressed - -2 Untired - -2 Short

- -3 Very progressed ---3 Very untired  =--3 Very short

Fig. 4 Subjective evaluation scales for learning performance
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Fig. 5 Acceptability of odor environment
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Short Term Long Term
Aroma-Changing Booth Aroma-Changing Booth
Intensity (Enter) No odor | g&’(frrpoweri"g No odor — ] Oa/crpowcring
. odor
Intensity(Leave) No odor A .s—*|—’ffko"°"1"’w°’"‘g No odor O&/Oelrpnwering
J learl ‘\ learl
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Fig. 6 Results of subjective evaluation (Short Term Booth and Long Term Booth)
Blended Aroma Area
Intensity(Enter) No odor —t—+— DOJ/:TI'powering
Intensity(Leave) No odor + - +——] — Overpo\Aenng
Acceptability (Enter) ?,‘c%"g,§¥agfg: W I = B4 53?2{3‘%1,13
o Clearly not VTl \\ ! \\ Clearly
Acceptability(Leave) ‘acceptable — % acceptable
Preference(Enter) Verly);g{}lgﬁ: S T+ ~ VY much

Dislike [

Preference(Leave)  yery muc

Like
very much

Pleasantness(Enter) uﬂpleasa‘l?{u

W‘:

y Very
pledsant

Pleasantness(Leave) unple;é;e,?{:

&

Very
pleasant

|/

Vi
Progress(Leave) unprogressed |

1 Very
progressed

7— |
Fatigue(Leave) Very untired — }—1 Very tired
Experlelnce(Leave) Very short | + + + + + ) k= + i} —oH + + i} { Very long
LE (10) —RM (12) —_ PM(12)
LE & LA(5) ——-RM & LA(4) ——.PM & LA(12)
— LA(®) —LA(8) — LA (S)

Intensity (Enter) No odor —Tp ——t] (())c}’oerrpowermg
Intensity(Leave) No odor + ok —+—— OOJOCYtpOwcring

Acceptability (Enter)  Gearit, B Vi i ik N i Clearly, e

Acceptability(Leave) GearBit — " A" — I Clearly, o

Dislike / m o 1 1 Like
Preference(Enter)  very much f v\ it -\ i} vx\ it very much
Dislike | S —_ N m Like
Preference(Leave) very much' / T / if z / if very much
/ 1L n 1L (4 1L
Pleasantness(Enter) unpleasa‘,?{u j\ — S \ [ I Mo ant
Pleasantness(Leave) unpleasint )2 i i 7 i = N
L n 1L Vi 1L 1 / n 1L ]

Progress(Leave)unpmgrggsegﬁ I IJ +—i} 4 —+—k e —l | ;’rffgmsed

Fatigue(Leave) Very untired )’“—1 — Very tired

Experience i cave)  Very short| | : i i — { Very long

—— EU(13) GE (9) —— BE(12) —— TT(10)
*p< 0.05 ——-EU&LA#) GE & LA(12) ——- BE&LA(8) ——- TT & LA(B)
s p<0.01 —LA@) — LA(®) — LA(®) — LA

Fig. 7 Results of subjective evaluation (Blend Booth)
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