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The authors conducted environmental measurement and questionnaire survey to consider the better indoor environment

for improvement intellectual productivity, and performed cross analysis. As the result of the analysis, it was confirmed a

correlation between level of impact on intellectual productivity and level of satisfaction against thermal environment, air

environment and space. It was suggested that improvement level of satisfaction increase intellectual productivity.

[ZC&IZ

AR, RZEOBRIIM L, HEEE D A U H L LA
FBH I DB | RO EIH A PENER ENEBE T
5 EDEHFNFEY OB D, —H T, AT 4 ADHE
K OSN30V TR A M D 1) _E2h SR % BB T
EC X0 EEMICEHE Lz, £72, E5H
P38 DAY 7278 = L X — DOHESE I OFRE T
HDHD, BT R —RRONAEFEME DI 2272203
DEHELH Y HIAEENE B VX R N S
LEATOMNI AR D HAL TN S, 2 2T, AWFZETIE
BUSE OINHAEPEME 6 U ol 72 sBNERBE O 21T
) Z & aHINT, ZEiiRdE & RBEE O ESHTE B
L. A7 4 AZEMAxig e LT, SNERERHE 7 o7
— MR & i L7,

1. HEASE

TG« FRHOMAE - PEREIC L 0 EHLS N A BREENN, 40
HIEREMIC G- 2 DB 2 MR T 5 Z L 2 Hile, ¥
DAFEE N L ZIEIZRWT, ENEREEEN, a0
xtgrl Lo 287 o — M, B ROV EZ s
& U7z UM ESERGRT - SRS DR I A FEhi L 72,

2. ENREEIOHE

2.1 SEABSAT - #iME

TAER B O E LR 1 1R, AEE LT 30
BEA | SETIE 1~3 BEORES = 2 ) U217 9 (X
1IZEH), EHIIRIAM Tl 2018/7/17~8/9, Xk

1. RIS OB

E W B3
FEAPRIEF 106,000 ni 1,281 nf
ETAE 2006 410 A 197948 A
P& b ALFE, HUT SR HiE 3P, HUF LR
fii3cn Si&, —#B SRC - RC i RC i

2. Kt L OENEREEEE EL

RESAT: O8RS O@Mgt:
SRBRE | 215C (RERVITX) 255C (BERLVAITE)
FREERRE 5001Ix 7501x

% 3. IJEOENBR R ESR
BRIESE OBRREA: @SEESis

FHRE | 275C (ERV1TE) 265C (MEKYITE)

Tl 2018/7/18~8/10 D) 4 T 5, HESHEIIEH
D 850~17:30 L 72> T 5,

2.2 EREEM

FERHARI OFT: 2 LB O BN E ST (3
23DHLRGAT) &L, %3 2 HTPeES: (3 230
PRE AT, IR BURRE —2°C. PRI « B E +2501x)
(WSS, BREEZS S IAL D 72 Tl LTz,

2.3 FHAIER

FHUTER L2 0RlE 3 4, X 2 1RT, 2B, BH
OIRE, WEFHNC W T, A TIEBEMS T —4 %



A—45

TEH L SOE TR RICEHIgR A3 1E LGt HHl L7,
3. BHEET7 U r— MEE

AFEEIL 0B, 5 1~3BETENS L QA B A%
GUZT i — MR ATV, USRI Dl e e
SEB OV EFEE~ DR LA BT 5,

3.1 FEH
FENBREFZNORTY: (DBURSEME) | %2 (OP-#E51)
DENENDESEBNZT 75— FOEN%E A —/)LChUE
L. FEHIHART P OB 22 P8 BRI A IRV i ) Web -
WCEELTHS 9,

3.2 7U—FRE

Q) FEANBIET > r— & PRI AR, 25k, TR,
JEREATRE . SR OV TEA THIZELTH L I,
(2 TBUEEDRT r— b Bz ORERSE,
ZEKEREE, BB KOV BRERI RT3 2 B 2 i

ROENBREEA FEHS DRV EPENEA~MUT TR DN T

ZAEI 5 B CRHT %,

4. BEERAE - SPEHAME

SERHART R OREE B ISR SR A i3 5, iR
ARt E L TA4, XET34ET D,

4.1 FERBE

X7 Ly MRz W ZHIINE % 45 531, 2> b
119, HTH EROREENL L0 L L, #HEIXZ
FH—ORETH D, & THRICEREMEE, (FE~DR
B 2T 57 o — MZEELTH B 9, VERITR
HELOED) 7L vy 2 A=A KIE 2BEOITHE
O AR=ZTENTIT I,

4.2 EHABER

SEEENE ((RFE 24) . OER (RFEF 14). BEX
OSERE (28) OFEITS, IRELREIZONT
IEENBRBEFEII TR LN T —4 O 5 b EERGER
AT > TR b O EF T 525, Yk cik
FRRE DOSMAEFIIAT - TURLy,

5. BRIRUVT7 U7 — MER

5.1 ERNIREEA

FEHRE R A 22 513, BdElE, P (A 850
~17:30) HRICHIESE O RFH TR L7 fE 4 %) Lz
HLOTHD, REFMERICL VIR LLENS 27
FEDOFF TR F 233 Ha, ZAUZHE PMV B s ]
WCHES LT, XEORMHDOTIZ7 a7 2L OIREDZEN
KEDoT, WA, CONREE, BEEE. Rl >\
KRERFEII2D -T2, BEITEELR T LAt ek
WC 200Ix FREE R < 7o T,

5.2 MBEET7—k

M@, @O IFIZIANE LT 07 DI a3 O%I5 L3
%o ARREEIIALTU8 N, HIET27T ATH-T-,
K OITHBEET »r— FORERZTRT, AthE/LTIEER
TESMAE I L TR, JnAAEsEE~ DR L 4|2

ZESRRRAN - A T T S
TR ERE R A oCEE (2019.3.11)

WU 7, 305 LT v r— MMalE BT 2o 1z

72, 2, 3MEDORERAE LD b IRPRBE T, 2EKER

B EFE & SnAARPENE A~ D BB AN B > 72,
#4. FHPEA

ENZ AR HlES (M) EHfE - FHIA

EN R, RE, CO,
BRI, BEEE

HL bR S 2 ()

S, FRAE X2 (fizh)
LFREESHT |04, 06, 11, 20| (X2 (FE)
PMV 06 -
2 (L, IR 11 i
CO i/t A

K1 $EEFE At (), 528
j_h]_lﬁl—mhh-r:ﬁxﬂﬂ:ﬁT—l_l_'ﬂLﬂ_ Emmms;

&fﬁ .;.

o --BE 8 --F FAE
. CEHERE
o LtTES

TFLA- 108 620, 1100, 2000 L
& -BIES

O =i el

| -ETE R
R L]

! E'- = I. A H D
B2 FHAACE At (B). SOl 1R (B7E),
20 (PA). 3B (F)

#*5 ENRFIFEIRR T

AiEL *XJE
08 18 2B ki
BE X0 26.8 27.0 25.8 28.2
(°c) ZHQ 25.5 25.7 24.7 25.5
R ZHO 62.0 59.0 54.8 56.6
(%) ZHQ 59.8 58.8 56.0 55.9
COZRE ZHO 925 - 917 =
(ppm) i) 875 - 866
BEEE L0 53.3 - 59.4
(dB) 3L 53.3 - 59.3 -
PMV L0 0.66 0.54 0.21 0.68
(=) ZHD 0.35 -0.18 0.20 0.23
2853 L0 0.10 0.21 0.23 0.28
(m/s) 3L 0.11 0.24 0.14 0.20
e L0 682 509 678 651
(1x) E3ii0) 871 486 659 629




A—45

5.3 BAff{ESERAE - SEhERHA

PR EBROFER CPE) 2F 710”7, #HRED
NI D72 =D BB EIT 2 503, GO0 B 5
Q~EH LTtk IRBEREEW S & (B3R ~ DR
MPEIZ R 720 TS, SETENWEHID B HE LT3k
FEFED 1L, BERREEADN 10D AR HA M B -
TTHETHY , BHEOIBIEL 75, FFZERE OB
T THOIEE THA LIV T2, LEHF IR
DHENZHOT, EARZVNEE A ML AR T
WA ATREMEAVRIZ S5, TEAEMEZ 51 E LRHF
MREL RDEARH Y | AFEERGER BVEETHED
ARV AEZFT TS AREEN B 5, =il & A, =
i L IEARER I LIEEOMENR DY (FNE
L R=0.64, R=047) , HEAENI BT, TBIE L FAE,
HREE L SCBRBEG 2 VI AR BEBIRI XA DR o 7,
6. FAEHERERAV I ORDH

6.1 RIEWREEMMEEE~DZENERE

F 8IFBEHE T r— NOEFHERD S R4 PENE
~DEEE L R BRET O R E & OMBERIRE FNEiuR
L7ebDTH D, IRPEREWEE, ZEREREENEER X
OVZETEIBR B R & AR PENE~ D BB L DIZARES
BICRA A BT, IREBREE R & 22K BRI
Pl sR O FHBERALR  (FHESMR S R=061(441). 0.68(3Z
) BERERLND, Tz, K 3ITARL e, ZEORSRMH:
(2T DAEFEMR T ER (IR AT OffA i 7 Z
TERT, Atk XE L IR O AR MK T L
TWb—J, BBEZE < LA TR O AN R
BIZREBREAUT 2D o T, IR T EROBIRT 2 BRE
JEFE &N EPEMEA~ DR L OB E L 7e o TEY |
AN BER 2 AU R IR AR EENE DS B < 72 D ATREMED VR
STz, PESZERNCEET AL, ARfEE T =
DHAREDHIAY 232 < BIABE AR EWZOKUTR D |,
SET THUEERPD, BFHEL TWD ] 72 E DA
% < U BV, HEREE RO B RFEIZT T,
NN 2 S 250038 2 728, FEiiE Tl A OERS
M ANDEEE] 7o & TR Z <. ARIOFERNZIBT
BHIEFE LA L IIRI DR SHIN L7 S ARE S D,
6.2 EFEAIECEDFEEE

X 4 D X DA E )L 30 BEOBES=E 2 F U, e, 75
ML AT VT = RY A== — NN
AT IREREES EBREHCOWTERRER L 7 v — |
FERIZOWNTOITT D,

(D) ERREE (M5 AT U7 Y — ORI
WZELTIHE—ETHY, PHREIISRMADOT 265 B,
F@TB2ETH Tz, XY A= —V = DOIRET
FEfl & B Cmi 2o tz, BRESMATER, W EIIe
HHNZE < 22 DI ST RFRDANRY R —H—)
— Y ONREDI TR T2, RIFQTIIARMER & LT

TSN « A TR AT S
TR R RSO (2019, 3. 11)

K6 BEET L — MER TR

AiE L XIE
08 15 i i
BERRERE| £HO 3.09 2.00 2.46 217
BE ZHQ 3.52 2.00 2.92 2.85
TRBEE| £HO 3.34 3.50 2.54 2.67
B £HQ 3.82 3.50 2.75 2.69
KRR FHD 361 2.00 3.38 3.58
mEE £HQ 3.76 2.50 3.33 3.15
BREE L0} 3.52 3.00 2.85 2.50
R £HQ 3.64 3.50 2.33 254
| FHD 3.48 3.00 231 1.83
HEE £HQ 3.63 3.50 2.25 2.08
HMPEREE | £40 2.97 2.50 2.46 2.08
~OREBE | ZHQ 3.32 3.00 2.50 2.38

MR 5, PR 4, EBDEBNRALN 3, POTE 2, Rl 1(HRE)
HKEH TINS5, PPEHTND 4, EBLEBLRLLN:3,
POEFSHETNG:2, BETFSETNS: 1(EHEE)

KT HERRRT - PRI O R

FHEL X

Egmmann | FHD | 0 015
spmmmre | 5T iz 13
RRSBRE | he | oo 338
B E o 200 200
T e 353
szmwos | FHD | 0% 11
LF/HF zg% T 80

=R (C) ) 25 250

FREE (1) zﬁg 573 o2

# 8 HIWAPEME~DFZEEE & OFHBARSR

BERE | TPRIRE| KRR | BRE | THIREE
it 0.61 0.42 0.28 0.19 0.48
<.0001 <.0001 <.0001 0.0031 <.0001
0.62 0.50 0.30 0.33 0.58
& <.0001 <.0001 <.0001 <.0001 <.0001

X EEICHEBARBR, TERICpEETRT .

ot

u

g4 N E
/o

\ .

D
C1
]
=
¥
]
w
¥
=

o A AR

T
' ll

H
*
m
=
*
5

PR
L]

it
18
T

r

L wi gt

3 HRYEREME AR T STV D BRI

MRV FEiT RO LR L NOFIE M 2
TEY ., Blohhod o570 7 — 0 TEO/EMIZ L



A—45

HHH, EOIZEMECEDRER ST, K61, ¥
A, Aok, EAIOIERE & IREEREE I OB &R T,
VAL, SRITIE TV TRORFE ) ORI 2W 28,
FRISTRARREIS A B D08, R CIIARTH R B L 5
WZHEINTER Y | IR & OMBIHR 725,

Qs ATV 7Y — o ORI L 5 F
EF—ETH Y FERREEIISAHD T 542X, 5142 T 660Ix
Tholz, REFMEH R, MEEIA TV T —
TIEEL ooy, R A—F— " — 2 OPEITTIHEL
oty AT ITS =2 OREMMT LTI Z A, HLE
O 5 & & SEBRtmm e, FERBE I & A et
~DEEREDORNZHH BRI I S 7228, BREE & OFER
ITWTNOIEE THAR LR oT, RY A= ——
> DOFHAETFEME AR T SETOAER E LTE 181D
DOHNRFESLL, Y I VEIEA RSV TR ES
LW 72 EORERFT BT,

7. FED

<A, k. RS J OB OE\ N K D BREE

TR FNAAEPEYEA~ DRSO ZEI T DL o T2,
« TMEDEEE N B TO R o170, ke
U TR K A BRI, AR EEA~ DR D
I DI S TN, RAEENLDFMQDT o r— |
TiE [ Fid RRRE ) LR Lz etk oEls
EBEMEL Y H &0 o7,

c RMQITREL T %, PROA TV T Y= - Y
A== =T 5B F0T [0 LRIEL
T N30T,

c AREEMICEBNTCA T VT = TENY A —
V= X0 BRE LT ENERENME B 2 & FEHI)
SHEDND BT,

SRR < 72D LOCERERN R BT LS DEMICH DAY,
FREE L YCERBEM R, MREE & A BEME A~ D REEEE DI
(ZFEBERIFRIE A 7w,

- IRBEREEI R, ZERUREEIN R A IS L O R &
IV EREME~DEZERE L ORNTHHREEMR N BT,

* RARORHER OHF TR E RENE % DT D AEE
NE L, FRAEFEMEA~ORERE - OB E L 72> TR
. RIS A SE T USRI EEEM DN S 22D Z
RSN,
 SEIOFZRTIXHENIRE 2 BURGRE —2 FEORESRM

E LA, /el E SRR MLETH D,

- HIVESERGRE - SR EERHIN D . SRIR & IFE S, =R

IRBAER I IR

IR &R, R L BRI AR BRI A

IRV E W FERNME D0, ENBREEEHIE X

O ET v r— FOFER LSO L NDFERTH

27,

ZESRRRAN - A T T S
TR ERE R A oCEE (2019.3.11)

i :ﬂml be=rh
',E_i = T—_' —J]_B;-;P e ,_p i “;_L._l " :T
i M‘Mﬁ Fop
3 ] e “v1|:|.xi),'

-'r_,___ | el |

X4 Athev JFEFEAEICE DY —=v 7

BT

E55

g N o W | FE W T o

SaFTE | UA—E— | (D
] e o R '
HAERE s ech 5 a0

Ol INE F I * e e

5 22l - SRAERIOIRE L IRBREE AL (RtkE)

AL

IEIZEDOMHBRRNRH D Z &

i R o= —053
HE - L x I—F e
""--._,_" | R=-017
—‘——___‘_‘_‘_\_ﬁi‘-;._‘ o u I'-'ﬂ i o
LBok =P [a=-o%
whlse x B St 20
Iw - - E 2y 'E
Tk l . x - L]
1 z F 5
E LB BlomsE
«  PE . & LI 41
......... W (EE B (8 - SR (W
6 JERANLE Z & OIRMIEK & IREMREE LR OFHRS
EL A * 1300
s |* L
s | 5010
XL ] 4 L 800
2 00
5 ¥ 501
TN ) L
T
.-.'.l B [N 3
bt ] ' T
WER i ok Rl
OXMIFEER » e ¥
7 ZERI - SRR L SRBREBE R (Rt e L)
[(&2&30k]

X1 &5, HEEMIRENEREESIFCIT B AN DR
EEBRR X - BRE LIZW9E GR1, 23,
2 AR TR KA HNTETHGR SUE . p389-396,
2018 (& )=)

X 2) FH G, HE T — ANTORM/EEI 3T 2 EHREE &
SHETEWEOAREC BRI 2 AFSE, ZeKaifniid TR
REHNERROUE, pa21-424, mm(ﬁﬁ%)



22N - A L il S
FfTT R R R oCE (2019, 3. 11)

A—46

ERERERERENOEEEICEYT 8K

- RIEEFREESINMMEEDR, 25 ENR. BEFEICEZLFEE -

Study on workability inside a greenhouse for reef vegetables
-Effect of cultivation work table height on work efficiency, whole thermal sensation and fatigue degree-
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Recently it is known that high floored sand cultivation that can cultivate in easy work and high productivity. This study shows that

comparisons of workability due to the difference in the height of the cultivation work table. As a result, it was confirmed that 3.9 more color

balls can be arranged when the height of the cultivation work table is 90 cm than when the height of the table is 55 cm. In addition, the

burden of psychological condition became smaller when the cultivation work table height was 90 cm than when the height was 55 ¢cm, and

each was quantitatively evaluated.
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*Experiment Schedule
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10/11,10/24, 11/13, 11/22, 12/04 Perform each experimental condition twice a day

Elapsed time [min]

s

40 4 5 55

Subject A

SubjectB

SubjectC

m :Prior to the experiment, subjects should be

rested to unify the there environment

:Questionnaire answer of psychological quantity
and measurement of physiological quantity

Fig. 1 Experiment schedule

» Please align the color balls as shown in the figure below.

* The color ball has numbers 1 to 9 written. Please add the sum of
the numbers of the color balls in the vertical row within the frame
below each column.

* The measurement time is five minutes.

Color ball

1740~1800

Experiment with sand bed height 55 cm

m : Experiment with sand bed height 90cm

FBOO

1000~ 105 E

GL

o e 00 [ ] L N L] L ) L ] o0 e 00
i Lttt
LN * e . e [N ] LB ] LI B LN 1550
][] [ [ [ o} Ooooooogaoad 15%L[mm]
Fig.2  Instructions for measuring work efficiency (An example) Fig. 3 Image of experiment
Tablel  Subject features
Questionnaire subject
AlB]lcC
2018 / ( : ) subject :A B C D age 22
sex male
W Please circle the applicable number. height [cm] 17711741180
body weight [kgl 63 | 75 | 63
- whole thermal sensation body surface area [m?’] [ 1.8 [ 1.9 | 18

Very cold
cold

cool

Slightly cool
Neither
Slightly warm
warm

hot

Very hot

©ONDOAWDNE

- fatigue degree
very tired
tired

Neither

not very tired
not tired

garwd e

+ Can you accept this temperature and humidity environment?

Unacceptable

1

2 Somewhat unacceptable
3. Somewhat acceptable
4

acceptable

Fig. 4

Questionnaire form for measuring psychological condition

Table 2

Measurement item

Measurement item

Dry bulb temperature

Relative Humidity

Thermal environment

Globe Temperature

Wind speed

Work efficiency

Number of color balls

Whole thermal sensation

Psychological condition

Fatigue degree

Tolerance

L/H

Physiological condition

CCVTP

Table3 Measurement interval and measurement height of thermal

environment

Thermal environment

Measurement item

Measurement interval

Measurement height

Dry bulb temperature

Relative Humidity

10sec

150cm

Globe Temperature

Wind speed

1sec

200cm
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80 * % %k

~
v

~
o

number of color balls
foa) o
o w

V]
a

%
o

90cm 55cm

***Pp<0.01

Fig.5  The average of the total number of
color balls of all subjects

n.s.

=
Q
Is]

95

920

correct answer rate of
calculation[%]

85

80
90cm 55cm

n.s. P>0.1

Fig.6  Awverage of the correct answer rate of
calculation of all subjects

n.s.

100 I

%

92

correct answer rates of color ball
placement [%]
o
(<))

90
90cm 55cm

ns. P>0.1

Fig. 7  Awverage of correct answer rates of
color ball placement of all subjects
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X %k %k

90cm

Change amount of
whole thermal sensation

25 *** P <0.01

Fig.8  The average of the change amount of
whole thermal sensation of all subjects

30 %k %k Xk

25

20

Change amount of fatigue
degree

0.5

0.0
90cm 55cm

***p<0.01

Fig.9  The average of the change amount of
fatigue degree of all subjects

*

0.5 1
0.0 -
90km 55em

o3 *P<0.1

Change amount of tolerance

Fig. 10 The average of the change amount of
tolerance of all subjects
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Fig. 11  Relationship between whole thermal sensation and SET *

= 10/11: Subject A, Sand bed height 55cm, First time
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Fig. 12  Image diagram for calculating Mca
n.s.
250
200
E 150
B
= 100
50
0
90cm 55cm
ns. P>0.1
Fig. 13 The average of Mc.a
AL DR

SET*.a=SET*+ 17 X TSV

formula 1

ta : Temperature ['C]

rh : Relative humidity [%]

M : Metabolic rate[W/m?] ty : Globe temperature ['C]
tr : Average radiation temperature )
[c] g P v : Wind speed [m/s]

Clo : Clothing amount [clo]

TSV : Whole thermal sensation
vote

/ITSV : Increase point of whole
thermal sensation vote

/IM : Increase in Metabolic rate
[met]

Subscript b : Various quantities
before the experiment

Subscripta : Various quantities
after the experiment

Subscript c.a : Various quantities by calculation after experiment
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Research on Efficient Heating System for a Plastic Greenhouse in Winter
(Part6) Suitable Shape of Thermal Insulation for Heating Around the Plant Root in High Floored Sand

OZiiE  AES CRBRTNIR)
g LT (ORBRMINLREE)
K Bz ORLVEERRASH)

vl EAn CRBRiiSLR:)
e HEFE OR Lt kkaAh)

Masao SAITO*!  Masatoshi NISHIOKA™!  Minako NABESHIMA*!
Yasutaka KITAGAWA™?  Yoshiyuki OOHASHI*?
*10saka City University **TORAY Construction Co., Ltd.

Recently it is known that high floored sand cultivation that can cultivate in easy work and high productivity. This study shows that

we have overcome the problem of installing thermal insulation under the sand, which is a conventional heating method, by installing thermal

insulation on the surface of sand. Furthermore, it showed suitable shape of thermal insulation for heating around the plant root in sand.
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Fig. 1 Sectional view of sand bed in conventional warming method
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Table. 1 Symbols used for abbreviation of case settings

1st Shape of 2nd Position of 3rd Position of
letter Thermal Insulation | letter Thermal Insulation | letter Heater
No X No X No
Thermal Insulation Thermal Insulation Heater
p Plate T Top Upper
Shape Part of Sand Part of Sand
T Trapezoidal B Bottom c Centar
Shape Part of Sand of Sand
L L U Upper Lower
Shape Part of Sand Part of Sand

Around
the Root

0[mm]

Vertical Depth at x

Heater

f Insulation
Sand i ‘
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Fig. 3 Simulation model of PBL, PTC and TUC
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Fig. 4 Vertical temperature distribution at planting position

Mean temperature around the root:PBL 10.7°C PTC 10.3°C TUC 10.3°C
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Fig. 5 Simulation model of PTU, P{TC and LiTC
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Fig. 6 Vertical temperature distribution at planting position

Mean temperature around the root: PtTU 10.7°C PtTC 10.9°C LtTC 11.2°C
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Fig. 8 Vertical temperature distribution at planting position
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Fig. 9 Vertical temperature distribution at planting position
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Table. 2 Accumulated temperature and harvest weight

Actual measurement period:Dec 18~Jan 24 Cumulative air temperature 367.6° Cday
PBL | PTU
Accumulated Temperature
[°*Cday] 600.1|571.0
Harvest Weight
[¢/share] 526 | 489
e—TUX PTU == =XXX
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Fig. 11 Vertical temperature distribution at planting position
Mean temperature around the root:TUX 32.5°C PTX 32.5°C XXX 34.8C
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Transient response of sensation of dryness at eyes to low humidity
Study based on heat and moisture transfer at ocular surface

ORE ff (#F R
Shin OTSUKA*!

A BE (FFREE)

Satoru TAKADA*!

*1 Kobe University

Complains about dryness at eyes are sometimes made under low humidity environment. This study aims to explain and

predict it. From the subject experiments, it was found that the ocular surface temperature decreased due to evaporation of

tear in low humidity environment, and that decrease in tear break up time and increase in sensation of dryness at eyes were

synchronized. Furthermore, it is known that break up time correlates with tear film thickness. Therefore the sensation of

dryness at eyes could be explained by tear film thickness calculated from the heat and moisture transfer model for eyeball.
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Fig.1 Schedule of subject experiment
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Fig.6 Model of heat and moisture transfer in and around eyeball
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0= R% (Xeye,w - Xeye,s) + R’L, (Xair - Xeye,s) @
oil air

BL
Xeye,w =@ Xsar (Teye,s) ®)
R UNEIRIN &S
dheye , ,
p d_ty = —(eye T Peye ©6)
IR
’ Xeye,s—Xair
Qeye = ey;s;—.a )
TR KR
’ — péye,maxxl’éye,o 8
peye Péye,o+(p(’zye,max_péye,o)e(heye_hO) ( )
12 Xe e,s, _Xair,
Peye,o = % ©)
air,0
pe,zye,max =k X p(’aye,o (10)

[fL5] c LB/ (kg - K)], p: IRERK & RKOEE kg /m3], T:
IBEK], t BE), x: IROEMNSOREHm], A: IREROBYR
WEIW/(m-K)], q: BIR[W/m?], «a: BREBRESE
W/m?-K], r: [ILEN3BCO) /kgl, Ry ZEROMSIREESL
[m? - s (kg/kg@a))/kgl, Ry IFIEIHIE DORSISELDL, ¢: R
WOKIBDOFIHEIE, heye: FRIEDIEE[M], qoye: RIRDHRTE
Ko3iilkg /m? - 5], Daoye: BHROEMEA KD Tikg /m? - 5],
Deyemax: SNOMHKEKII, Poyeo: TEIEDIESHIT um 0
L X ORI, ho TIEOIAETS[m], Xoyes o 26C50%
RH OHRERFR FHEHEE, X g5y 01 26°C50%RH OHEXHIEE, Ry, o
MRS COMKUREERGT, ko TREOIERIa B OTRRE
AT eye,s : RIE(ME)EH, eye,w : IR B & iHAH
DOEESR, head, core:BERRAES, oilME, airAMZER, sat:fi
Tt e
Table.1 Value used for calculation

c p A a; r(35°C) R
4217 1000 30 | wrsmesr | 2| 32348
® Peyemax | Peyeo ho Xeye,s0 Xairo
055 | 85| S0 | 7xaoe | oom | oo
Rairo k
323 10

*t<0/t=0, **Atentative value

Table.2 condition of calculation

Ry
t<0 t>0
R1000 1000 1000
R100 1000 100
R1000_100 1000 Eq. (11)
Ry = 1000 — =222t (11)
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Estimate of measured thermal control using air conditioners and windows ratio by outdoor
WBGT during summer-autumn

OWerp  BEAT RN RS)
Reia WATABE™

e B (RIS KR)
Noriko UMEMIYA™
*1 Osaka City University

For heatstroke preservation, using air conditioners and open windows is necessary for adequate ventilation. The ultimate
goal is creating a barometer that can properly evaluate the advisability of cooling use and open windows. The present study
analyzed the relation between using air conditioners and window opening and indoor-outdoor WBGT during summer-
autumn. 1) When outdoor WBGT is less than 21°C, the AC ratio starts increasing. 2) When outdoor WBGT is greater than
26°C, the AC ratio is steady at about 55%. 3) When outdoor-indoor WBGT is -4K, the WO ratio is maximum. 4) AC and

WO ratios can be estimated by outdoor WBGT.

1. ERLEH

2018 FEDE T 5| LRILESNDIZEDBE SV 7p
0. REICET HEEIC L DA NE ST, 2017
FEORBLZ 2MFL 727219, BAUETEDO=0IC, %
BOBEZFANEONT bz, UL, IREEREESR
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A2 INHIWTT 5 72 D DFRIEDVERS & otk BAR & 32,
AL, WHEOMHER - AR & RO - O[T —#
ZHWT, A WBGT 25 DO R & Z=BECR D
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H E 52005 Nk, EENSKFINIT T, EEICE
T HmEHH & BB OB T 4% 20 BRE
THIERSR L, S|ESC/VRIE & OBRO ST 21T, 1)
AN 3LCANEEIC L D IR T4 DORAA, 2)
SMIRDEIR L U b 5K RZIER & B e bk
Ao, B)=RIR 28°C & 29°C DICIRBERESFHER DEZ NI B
5. FEWLNI U, AECIE, KIRZET Tl
WA, BSE, B EE L CEAREORAEE
WBGT % VT, BN OIREEREE & il A B
&, BRI L DEBRERET A ORI E ORfRE
1AM WBGT. 2)==N WBGT, 3)4k WBGT D725 A
LToHHrd 5,

2. Ak

KIRTNO 11 B CESEEOR CRHEY T, =7
a1 A, BEE 1~2 AO/NEBEF (Fig)IcBWV)
20 PR CIRBREIEA T2 & IREIRE DT — % %5
W95, 1« REFZBEDOBEAAA » FOMEED B HE
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+7.619 x SR — 4.557 x SR? — 0.0572 xWS — 4.064 ...(1)

T, “SUE(C),RH:IEE (%),SR: F 4 (KW/m?),WS: JEi (mis)
SINTHIRNE, ARt OmEE R RO Z=HiHER
(Fig) &b L2, WEH A RMEHC)., mEHH
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Actual states of partial air conditioner use during sleep in summer

Part I — Causes of partial use
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Yuhang CHEN*! Noriko UMEMIYA*!

Ikuna FUJIMOTO *!

Mitsunori SUZUKI*!

Kurumi FUKUMURA#*!

*1 Osaka City University

In this survey, the temporary cooling use is compared with the total time use to reach a subjective assessment of the

outdoor temperature thermal environment, the resident attributes, the living environment of the dwelling unit and the

bedroom as an occurrence factor based on 2014-2017 for 185 dwelling units in Osaka. 1) The thermal environment of the

outside air is not related to how the air conditioner is used. 2) Higher "temporary use" is associated with stronger

consciousness towards the environment and the conservation of energy conservation and the action to do so. 3) The

subjective residential environment is a major cause of "temporary use."
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Actual states of partial air conditioner use during sleep in summer

- Effects of partial use
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*!1 Osaka City University

This survey revealed partial air conditioner(AC) use during sleep in summer and compared effects of “partial use(P)” to

one of “all time use(A)” that based on respondents 33 a total of 209 days for 4 years of “A” and 23 a total of 137days of “P”.

The setting time of off timer of AC is 3hours most. The room absolute humidity of “P” is higher than “A”, and the humidity

sensation and the amount of perspiration is higher than. The room temperature is higher than, but the thermal sensation has

a tendency to feel cooler than. The OSA total score and “sleepiness on rising” is higher than.
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Air conditioner use in summer of geriatric population-Survey of apartment occupants in Osaka
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Tatsuki ENDO*! Noriko UMEMIYA*! Xiaoyong LIN*! Reia WATABE*! Rin SON*!

*1 QOsaka City University

The summer of 2018 was a hot summer. Heat stroke of elderly people became an important social problem in Japan. This

study revealed in 2004, 2011, and 2017 that air conditioner use, cooling consciousness, and environmental consciousness

differ depending on age and different era. Results elucidated the following for elderly people compared to young people:

1) They do not use air conditioners. 2) They have high energy-conservation consciousness, but do not mind electricity bills

for cooling. 3) They have high environmental consciousness. 4) They tend to keep windows open, but show opposite

tendencies of young people. 5) Although differences exist in consciousness, no difference was found in electric energy

consumption for cooling.
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Table2 Number and mean age for each age group
Survey item 60 years old 70 years old
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Effects of bedroom directions and dwelling insulation levels on summer sleep quality
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We investigated the effects of bedroom directions and dwelling insulation levels on sleep quality in
summer for 188 apartment houses in Osaka. 1) In the bedroom directions, sleep quality is lowest in the
east, but highest in the north. In the dwelling insulation levels, sleep quality is lowest before H3, but
highest after H11. However, it varies depending on the condition: whether to use cooling or not, whether
the outside air temperature is high or low. 2) Bedroom direction has a greater influence on sleeping: in
the north dwelling unit, dwelling insulation levels more strongly influence sleep quality than units of

other directions.
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Figure 4 Bedroom direction and maintenance of sleep score
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Fig.5 Insulation level and fatigue recovery score
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Relation between Sex, Age, Occupation, Constitution and Thermal Control Use during Summer
— Categorization of Variables about Thermal Control
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Five questionnaire surveys were administered to Osaka residents during 2004—-2014. Variables related to summer thermal

control were categorized. 1) Categories of the frequency of summer thermal control were adjusted because of differences

between five surveys. Frequency of AC use and frequency of electric fan use were classified respectively into five

categories. Frequency of window opening was classified respectively into four categories during daytime and during sleep.

2) Cooling set temperatures were classified into seven categories in increments of 1°C from ‘23°C or lower’ to <29°C or

higher’. 3-a) Relation between the cooling cost and the number of family members, ACs, and individual rooms were

analyzed. 3-b) After eliminating the influence of data for children under 10 years old, cooling costs were classified into 14

categories.
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Table.1 Data used in this Research

Name|Recovery|Year  [Main Objects

IAY 290 2004  |Mid-to-high-rise collective housing in Southern Osaka

BY o7 006 [The super-high-rise collective housing resident around

Osaka
cY 314 2011

[The collective housing resident of southern Osaka
DY 363 2012

[The collective housing resident of southemn Osaka
E) 352 2014

Public rental collective housing in Osaka and Sakai
[Total (1616

Table.2 Survey ltems

Classification Survey items
Respondents age, sex, occupation, tolerance to heat, tolerance to
attribute
coldness, Resistance to a cold, sensitivity to coldness
Thermal air conditioner use frequency, air conditioning preset
environment temperature (@ maximum, a minimum), fan use
regulation act frequency, windows open frequency (day, night),
electricity charges (May, August)
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Table.5 Ratio of Frequency of AC Use after Integration
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Table.4 Integration Method of Frequency During Day and Sleep . .
Table.6 Options of Frequency of Electric Fan Use
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Examples of BIM-FM created by the collaboration between design and construction teams
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Examples of energy-saving renovation in office take advantage of energy management.
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Fig.1 Air conditioning system after the update
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Design of HVAC System in Large Space Factory with Various Heat Load Characteristics
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Estimation of Indoor Thermal Environment Considering Water Phase Change by CFD Model
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In order to improve indoor thermal environment, it is important to estimate and control the humidity distribution.

However, existing CFD models generally do not have the ability to evaluate the phase change of water in indoor

environment. In this study, a CFD model with the phase change was developed, and qualitatively validated by a set of

numerical experiments. The model was used to evaluate indoor thermal environment of virtual office with 3 kinds of

humidifiers which have different humidifying method. The results indicated that the vaporization caused by humidifier

decrease the indoor air temperature, and different humidifying method caused different temperature and humidity

distribution.
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Fig.1 Calculation area (Case 1)
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Fig.2 Humidifier model
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Table.l Overview of humidifier conditions

Casel-a | Casel-b-v | Casel-b-s | Casel-b-u
Case name
2-a 2-b-v 2-b-s 2-bu
Water phase
X [} O o
change
type vaporing Steam ultrasonic
Q Water . Cloud
& . Vapor
-3 condition water
= Amount of Humidify up to RH 100% of the | 1.0x 10+
humidification inlet air kg's
Amount of
) - so0wW —
heating

ENREOIRE % 25 C, KAEKIRE % 0.01kg/kg
&5, 22, IiEgs ORI 0 OBER A % Table.2
e

Table.2 Boundary condition (Casel)

Temperature 25°C
Air Supply from Wlnd VeIOCity 1.0 m/S
air conditioning  g|yx 25 mds

Moisture content  0.01 kg/kg

Humidifier Flux 0.24 m®/s
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Fig.3 Indoor temperature and water vapor mixing rate in Casel
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Fig.5 Calculation area (Case2)
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Table.3 Boundary condition (Case2)

Temperature 25 °C

Air supply from Wind Velocity 1.0 m/s

air conditioning  Fyx 3.6 m¥/s

RH 18 %

Humidifier Flux 0.24 md/s
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Fig.7 Indoor RHin Case 2 (z=1.2m)
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An Inverse Method to Estimate Indoor Heat Source Distribution Using by Data Assimilation

ORFE B (RIRKT)
W< gt (RERR)
Ryotaro KAKIHANA*!

Tomohito MATSUO*!

R B (CRIOKR™)
SUR: S CRBRRE)

Hikari SHIMADERA*!  Akira KONDO*!

*1 Osaka University

To estimate indoor thermal environment is crucial for creating a comfortable environment. The indoor temperature

distribution depends on the location and heat generation of heat sources. In this study, a numerical experiment was conducted

to validate the applicability of the data assimilation method called SR method to estimate the location and heat generation

of heat sources. In the experiment, the location and heat generation were estimated by the “observed” temperature, and the

influence of the height of observation points. The result indicated that the estimation accuracy of SR method increases when

the observation captures the characteristic of the temperature distribution.
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Table.1 Boundary conditions

Boundary Boundary condition

Velocity: 0.99 m/s
Inlet Direction: 45°
Temperature: 293K

Outlet Guage pressure: 0 Pa
Velocity: No slip
Walls Temperature: 303K
Velocity: No slip
H .
ot boxes Heat generation: 600 W
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Fig.3 Estimation result of Case 1 with each observation height (The
vertical axis shows the heat generation, the horizontal axis shows the
heat source location. H means a heat source.)
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Fig.4 Estimation result of Case 2 with each observation height (The
vertical axis shows the heat generation, the horizontal axis shows the
heat source location. H means a heat source.)
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Study on effects of thermal environment in outdoor space on utilization of space
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In this paper, the effects of the outdoor thermal environment on the adaptive behaviors for pedestrians were investigated

using field observation. The meteorological conditions and the adaptive behaviors were measured in the courtyard in Nara

Women’s University in the summer and the autumn seasons in 2018. In this study, we evaluate the following four adaptive

behaviors: (1) passing through a shaded area, (2) use of a parasol, (3) walking the side of the courtyard shaded by trees,

and (4) wearing a short-sleeve shirt. From the examination of the observed data, it was clarified that the adaptive behaviors

for pedestrians are more affected by the global solar radiation than the SET*.
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Table.1 Summary of measurement

dates 2018/7/24~27(summer) = 11/13~16(autumn)

time 10:30~10:40, 12:10~13:00, 14:30~14:40

Temperature, Relative Humidity, Globe Temperature

Measurementitem | (Thermocouple)

of thermal Global solar radiation (Pyranometer)
Wind speed (micro anemometer)
Adaptive behavior | Camera shooting (Five-second frame shooting, 4 places)

 Photo I
: Entering and leaving University :
Union, i

Universi ;
niversity i Movement of north way of courtyard :

~ Photoll
Tables and benches

Access tothe library,
Movement of south way of

Fig.1 Measurement position, shooting target of fixed point shiooting
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Table.2 Summary of evaluation indexes for adaptive
behavior by pedestrians in this study

Rate of passing through a shaded area(RPS) =E/N X 100
N : Number of pedestrians
E : Number of pedestrians passing through the shaded area

Rate of using a parasol(RUP) =Pu/N X 100
Pu: Number of pedestrians putting a parasol up

Rate of passing the northern side of the courtyard shaded
by trees(RPN) =Nn/(Nn+Ns) X 100
Nn : Number of pedestrians passing the northern side of the
courtyard (green shadow road)
Ns: Number of pedestrians passing the southern side of the
courtyard without the shade by trees

Rate of wearing a short-sleeve(RWS) =S/N X 100
S:Number of people wearing short sleeves

250 ~ number of pedestrians 4 100
RWS 1 90
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Development of a Prediction Model of Indoor Thermal Environment Distribution Focusing on

Advection and Diffusion Heat Transfer from Qutlet Airflow
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To make task/ambient air-conditioning system (TAC) more efficiently, it’s necessary to predict the air and temperature

distribution in room precisely. In this paper, a prediction model of indoor thermal environment distribution was constructed

by focusing on advection and diffusion heat transfer from outlet airflow. The results of accuracy validation of the proposed

model by comparing with CFD simulation results would be shown in this paper. When the prediction model is not sufficiently

accurate, a correction function is required to modify the estimated values. In summary, to create a simplicity prediction

model which could make TAC more efficiently was the purpose of this study.
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Fig.3 Analysis area built in this paper.
Table.1 Analysis conditions of CFD simulation.
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Fig.5 Validation results about velocity distribution of outlet airflow.
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Fig.6 Validation results about volume of outlet airflow (Temperature).

Table.3 Analysis cases. Table.4 Data of A(x,1).

Case | fRNTHEIR (X*Y*Z) Case | A@)[m? | A1)

1 2.5m*2.5m*3.0m Ll | 63 100 |

2 2.6m*2.6m*3.0m 2 6.8 1.08

3 2.7m*2.7m*3.0m 3 7.8 125

4 3.0m*3.0m*3.0m 4 9.0 144

5 4.0m*4.0m*3.0m 5 16.0 2.56

A 5.0m*5.0m*3.0m A 250 4.00

7 6.0m*6.0m*3.0m 7 36.0 5.76

8 7.0m*7.0m*3.0m 8 490 7.84

9 10.0m*10.0m*3.0m 9 100.0 16.00
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Fig.7 Validation results about volume of outlet airflow (Area).
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Table.5 Error of correction model.

Case | HRA®E Axyy | Qumy[m®s] | Qerpy[m¥s] | @iz
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JE -0 1.54 1.56 0.01
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J& V-VI 2.62 1.46 -1.16
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Space near the window is usually be complained about the temperature environment which is easily be affected by heat

transfer and radiation. To improve the thermal comfort of perimeter zone, fan and breeze line diffuser is widely used

though it is always designed by cooling usage. In this research, performance of breeze line diffuser is analyzed by heating

usage. The diffuser is set up in a free field, temperature and wind velocity distribution in target space is measured and sort

out the result by graph in section. Data collected in this experiment will be used to build the CFD model later which

simulated the outlet air of breeze line diffuser.
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Fundamental Study on Heat Stress Reduction by Using Awning
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Atsumasa YOSHIDA*!  Shinichi KINOSHITA*!

*1 Osaka Prefecture University

In this study, we evaluated the heat stress under sunshine and awning using 2 node model as human body thermal model.

Calculations were carried out under the sun and awning of various radiation characteristics. From this calculation result, heat

stress under each condition was investigated. In addition, we investigated the influence of changes in temperature, relative

humidity, and wind speed on the heat stress reduction effect of awning. To evaluate the heat stress in these calculations, we

investigated the relation between the radiation characteristics of awning and the heat stress from the calculation result using

the human thermal load.
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Fig.1 Calculation model of radiation environment.

HZERNT, ADNIAZEFRRE T, RIEET 256 %
RELET D, B, KRR E OSBRI IR
—EETH. HERIFIZE 5 MEEA b U A Eh R ik
T 57D, [A—OINTEERERIZ & 5 H AZE[H & Dbk
PITH. MEEET L L LT 2-node 7 /L% ERH L,
B R AL LCARBANTE (BBl) 12X 55 HIhETT
I X1 O SITHSE, LITRIM &, HIXBEH,
G ITHIF DEYREZFR LT 5.

HERIHEEE 35 X OMIFR IR L 23R D 5 72 D O HapfE %
IR

s (1= pg +7505)
1= p. — U =P T TsPs) (g | .
{ Ps - pope L +esky

+55560'(TG4 _-l—s4)_‘9so:l—s4 =2h. (T, - Ty,)

M

7. (1—
ii—ﬂﬁg+%%am;4§ymgg—gm+e )
1=ps pg

(1-p5)S, +&5 (L, —g50Tg) =h. (T, =T, )+G 3

KIFZHBRF OB AR T, X(2), G)EFEihH
BRI PR X O HMOMER OB Z2FT. b0
LT DA RMBEERD D, BRITEM ORI
<, BREBIOSSMIGORZNEBEINDS. ARTE
P L UMIER RN TR Vo & 35 . iR O EHIAS (7
v RFw¥) &L, #FEmFOES 50mm OREELY—E
(=293C) &£75.

BROAFEEEL, £KHHE800Wm?, SRR
i E: 400 Wim?, KEGRE 577 &35, EEHEREEL L
T, &l 30°C, JEGE 0.5m/s, FHXHEEE 30% &9 5.



A—62

KT FOBMAEERIT 0.081W/(m+°C) &3 5. xHiiEMn
BRI, AT AOK h=53+36v ICLVFE L.

v HEHm/s] & T 5. HiE O HETRERIT 0.16, FRIMiL
FHRIT 088 & 9°5.

B TEL R, HRBIORNASHOZ
B A NMAEVE T /L0 2-node EF/UTARUA L, IR E
T, TR, AVRAER 2 R 5. SFEIEHEEE (MRT)
%, ANEEZESEETLE LT, K22, #igm, H
BRI DD AME~D SR (B LTRSS %
FHTRODLZ LICEVERINS. BEHEET VLA
X 1.2m, FEME 04m, HATX 02m THY, EEHOMEN
HFRED D 1.8m &7 20 X HFRIET H. NMEFRE O HH
I 03, RO 098 &3 5.

MNEEVET /I L0 MEREIZIIT 55, BEE,
BEOKEER Y EWER) DEEIICELND. E
DEGRAN G 7o D NMAEE i 92 LL T OATRD, 2L
A M LR EOFHEEE LTHWS.

=

load

=M-W-R,-C-E @)

Z 2T, Rl FIEMS < HE, CITHFRBLETHY,
SEREMEIE KO SN D OBEMERZ BB L T\ 5.
iz, ETEAEARTHY, MRTICEENHKIIC
K HWEEEL, REZMEL, RIS L HIEEMER A BIE
LTWA. REHE M 1T 80W/m?, it FaEWIiLo &7
%, NABAEMEDE A W T MAEAK 9%k 7-.
MNEIRIAEEPTS & NMABE i Fioag & DBRAZLAITIC
N~

PTS =0.0146x F,,, —0.748 ®)

3. FMERERERIUER
3.1 BRR(F DA SHFEDTIR

Sl 30°CIZH 1T % HERIT T O ANEBRAS RIS
HERIT O BEhEESER L OH SR ORE LK 2 (TR
7. s KON X E N ELH BRI O B ShEiEERE X
HFRINHETH S, HERT O HEFhERFER L ORI
WIS 2D, DFE D BIIHENE < 72 513 &N 2L
ARTEIVINE 2D, —TF, BEINEMES b &N
REVAMTENPKE S RDH, TOHKMETHEEEREN
WAL, HEREWICRNEWGE & 25 &, miE
OIS NEBE S EOHINNZ X T 2R NRKRENEFZ X
HALS. HERIT O HEhEEFR L OHFHRIIERIZOWT,
FIFI 02, 02 D& X% Caseal, 0.7,02 D & X% Case
a2, 02,07 DL X% Casea3 & L, Caseal & Case a2 7
HNZ Caseal & Casea3 DENEIUIEIT D, AMEEE
i, HERDOOFEAS, HERT 726Nz )
B DOFIMEE D3ENE K 312K T ENEIE AFiga, 4S,
Als, Ag & 5. Caseal & Caseal DN, HIE

ZESRRRAN - A T T S
TR ERE R A oCEE (2019.3.11)

Air temperture:30[°C]
Relative humidity:30[%)]
Wind speed:0.5[m/s]

=
n

Solar absorption

Solar transmittance

Fig.2 Effect solar transmittance and absorptance of awning
on human thermal load.

450 |

400 |

w
L
o

Heat flux [W/m?]
ey NN W
8 8 8 8 8

i
o

Case al-
Case a2

o

Case al-
Case a3

B AFload WAS WALs mALlg

Fig.3 Difference of thermal load.

BREL 2D Z LI L DFm HNEOHMNE, ZHUustE
5 HIZREIREE D 5772 & ONSARMEERE OB A AEN
ARFRIZMIETEO S, B RHRIERSEINT 5 = &
\Z LD NEBA T EA~DRBE L X TRELS D EN
G35, 7B, RIR 30°CTO HIENZB T B A EEE i
1% 1704W/m? & 72> 7=, X 4 1 Case al (Z%]7 2%, Case
a2 B LW Case a3 DARESDROELEZFR L CTERBY, H@
HEENT 2 2 L IZ L DIRBEA~DOELRELS D
ZEMDD.



A—62

3.2 HSHERIEDFE

AR FoOBRENCE L C, &R 30°C, EUE 0.5mps,
FARHIE 30%% FaARSM:E LC, AR, FRHBERS LW
JEGR DB BT DT AT o 7. HERIT O H 4
BIOHEMNRIIZENZN02, 02 & LT

F9°, KIRDOHE 25 CITEAL SHTGH O N~
A NV RITEZ D528 %I L, <UR 25°CoYa L 30C
OEEOHBRT R Lo E HERGT T O ER~7.
Case bl IT&UR 25°CHIE], Case b2 [T&IE 25 CHERIT F,
Caseb3 1Tk 30°C HIfil, Caseb4 [TXIE30°CHERT T4

14

b
L
i

s

o o o
kS @ [
L 1

Prediction thermal sensation

o
)
|

0 +—-

Case al-
Casea3

Case al-
Case a2

Fig.4 Difference of predicted thermal sensation.

250

200

150

100

50

Heat flux [W/m?]

-50

-100

-150

Case b1l Case b2 Caseb3 Case b4

m Metaboric rate m Net radiation

m Latent heat loss m Sensible heat loss

® Human thermal load

Fig.5 Effect of air temperature.

TN« AR TR S
EIF TR R FE SR SCEE (2019.3.11)

FLTWA.

HIRIOSAE TOFPEORER, KUk 256°COHPNZIBIT 5
NEBVE R RIT 161.7TW/m?, KR 30°C o H[f Tl
170.4Wm? TH Y, KIEN 5CLEA L= ik b HM
TONKBERTREOBEINE 8.TWm2 TH 5. ZIUTH L
<, BB FICRB 25N 5CERF Lz tickDdH
BRI T T NAEE R EOREINT 24.7W/m? T, KA E
AT 52 L2k BRI OEA b L AMRBEA R 5
HEBEZBND.

WIZ, FBRREEE DI 10%3 KT 50%I 22 S84

250

200

150

100

50

Heat flux [W/m?]

-50

-100

-150

Casecl Casec2 Casec3 Casec4

M Metaboric rate B Net radiation

m Latent heat loss m Sensible heat loss

® Human thermal load

Fig.6 Effect of relative humidity.

Heat flux [W/m?]

Casedl Case d2 Cased3 Cased4

m Metaboric rate m Net radiation

u Latent heat loss M Sensible heat loss

® Human thermal load

Fig.7 Effect of wind speed.



A—62

DOHERE L, FAXRHBE OB AE~DEA L A |25
2 DR EZME L2, Z 2 C Case cl IFFARHZEE 10%H
[4], Case c2 [FFEXHZEE 10% H R, Case ¢3 I3AEHT
& 50% H 7], Case c4 |FFHRHZEE 50%HFRIT FA2& LT
WA,

FAXHEEE 10%D3E 0 HERIT OEA b L AR
23.6W/m? T - 7=DIZkE L, FHRHEE 50% Tld 23.8W/m?
Thole. ZOZEND, HAMBEIXHBRITOEA KL
ZEREIFIE, Z OFPAIZIW T, RERPEL X
RN ERbo T

Bz, BEEOI1.0m/s [ZHIIN S 73554 & FARRE
EERWITHZ LT LY, B LR NE~DEA R L
ANz DEBEFHI L7z, Z 2 C Casedl IFEGH0.5m/s
HIf], Case d2 IZEUH 0.5m/s AT F, Case d3 1FJEGE
0.5mvs HIA], Case d4 [ZEGHE 1.0m/s HERIT TAE LTV
5.

JEUEZS 0.5m/s DEE D AERIT OEA kL AKEEh R
208W/m? THholzdizxt L, JABHE 1.0ms OHA 1
287TWM2 Tdh-o7=. ZDOZ b, BN EHI 512>
IUTEAA b L ARBE RSN 5 Z L vbho 7.

4. #E

o NRBVARTEIT B HBE=RE  AUZHEIN L, BHX
DM 2 AUT 5.

- HERUT O HihEEsENE< e b &, S B Hommne,
U D WFREIEE O _E5H-72 5 ONTHiZE E ) H DOEL
FOBEIMZ L > T, AEEERTRIIEM, MRS
2N 5.

KRS BT L, HERFICE DB b L 2 KREh R
395,

- FHRHBEE D21 HERT DEA kL BRI KX
iS-7 aCR &ANAN

CJRGEN ERTHZ LI X Y, HERFICEDEAA LA
IR )L i e: ) 1 R

ZE R
1) BRSPS 2 —, 1T FEe— T AT
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Study on Influence of Solar Radiation Reflective Characteristics of Building Envelopes on

Urban Environment and Air-conditioning Heat Load of Buildings

(Partl)Influence of Solar Reflectance of Building Envelopes on Ambient Air Temperature

and Air-conditioning Heat Load of Buildings

Odba  BE#ES CRBRR)
i &R CRBRR)
AKAT

= CRBRORT)
ANBR R CRBRR: )

— e (KBRS RER)
Haruto KITAKAZE™ Jihui YUAN™
Tomohiro KOBAYASHI"

Toshio YAMANAKA™
Kazuo EMURA™

"' Osaka University ~Osaka City University

Recently, in order to mitigate the urban heat island phenomenon and reduce the building cooling heat load, it has been

common to apply the highly reflective (HR) building envelopes to deal with this phenomenon. However, the application

of HR envelopes has possibility of worsening the outdoor environment due to its diffusive reflection characteristic of solar

radiation. It is lack for describing how much the HR envelopes will affect the outdoor thermal environment. Therefore,

this study aims to report the influence of the solar reflectivity of building envelopes on outdoor thermal environment and

indoor heat load by CFD analysis.
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Fig. 1 Plan of CFD Model (builidings of Graduate school

of Engineering of Osaka University Suita Campus)

1 CFD fEtr#t &
1.1 R
FENT R OEMIL, KIRKF:, REX ¥ R AD T
B O—E (34.8°N,135.5°E) Th 5, KLEMEED G
(X S1 8 M1 ~ M4 B % & irds L% 190mx170m T, &
PO SIE, BELE 6m~30m Th b,
Table. 1 Analysis Condition

CED code STREAM V14(RC2)
Turbulence model Standard k-& model
Algorithm SIMPLER
Discretization Scheme QUICK

Area of CFD analysis X(400m)xY (400m)*Z(200m)

2,935,140 (212x195x71)

Number of meshes

. Fixed temperature, Power law
(Exponent recipracal(n)=5)
Xmax Natural outflow boundary
. Fixed temperature, Power law
Boundary Y min . .
. (Exponent recipracal(n)=5)
Condition -
Yma Fixed temperature,
X
Natural outflow boundary
Zmin Fixed temperature, Free slip
Zmax Fixed temperature, Free slip

Heat transfer coefficient h=15.38[W/m’K]

July 31%,12:00, in Osaka (73.4°-4°)

Solar condition

(ASHRAE?2013 Handbook)
Global solar radiation 930.5W/m’
Building indoor temperature 24°C

28.9°C(based on weather station
database of Osaka, Japan)
2.8m/s at 24m above the ground

Initial tempurature of inflow

Wind speed (based on weather station database of
Osaka, Japan)
Wind direction Southwest
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Fig. 2 Schematic Diagram of CFD Model

Table 2 Physical Property of CFD Model
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HHZELHY, BECKTIXAONR-T-, LML bhbd,
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BY, HRFOEENRENEEZLND, BT 570, K BREEETOZENENOEEEE
WAWrIE A3 A 12 B LRI O E W IC X D 22%iE B L. Fig6 lRT, 2 2 TOFHIMEIT Figl OxI416H
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A~ Air temperature
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Solar reflectivity [-]
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(a) Contour diagram (b) Vector diagram

[m/s] Fig. 6. Average air temperature, WBGT, and MRT
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Fig. 4. Wind speed distribution of Horizontal section at at 1.5m above the

distribution of under different solar reflectivity

ground under solar reflectivity of 0.5

N\

(a) Air temperature (b) WBGT (c) MRT

BT T cC

25.0 40.0
Fig. 5. Average outdoor air temperature and WBGT, MRT distribution of Horizontal section at at 1.5m above the ground

and cross section at X=110m under solar reflectivity of 0.5
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Fig. 7 Surface temperature distribution

under solar reflectivity of 0.5
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Fig. 8 Average surface temperature of target building under

different solar reflectivity

BlIhsnweszZzohsd, —HTMRTIZELTIE, H
SR RA 0.1 OFMITHAT, 0.9 D544 T 1.7°C
TRoTWb, EDOT=HBEWINEZO B H R #723 MRT
WCHEZDEBIIRENWEEZLND,

Fig.7 \Z B 5 553 0.5 TORHIRE OS5 2R T,
WO B 5RO ST b IR E AR IR lR
RDOGARTH -T2, BE B 0.5 TOA % H5H
L7z, HEEWBER - AR OFREIRE TR L% 30°C ~
45°C Tholz, ETBEWOBRTIREICTEE L - TE
D, EEOEEL D LA,

Fig 8 IZ W2 1 B 5t B3R & it ity o -2 2 1 1L
EAaRY, 22 CIE Fig7 OxI8EY (B o ZRm-
WM ALOFBER ORMIRE 2 LT\ D, KR
B R EIRE O FIELEMRE 2 e b Kx <,
WNTRE PR E < AL F - FEEI R FERE Th o 72,
2.2 BYM~DETRE

Fig.9 (24 H I I 4 CoRMEE B WK% L

ZeTRRD - A TR AT SRR
IR R SRS (2019.3.11)

-e-Roof
350 —-Wall_ N
-8-Wall E
=%-Wall_S
—A-Wall W

Heat flux [W/m?]

0.1 0.3 0.5 0.7 0.9
Solar reflectivity [-]

Fig. 9 Heat flux of of target building

under different solar reflectivity
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Study on Improvement of Thermal Environment of Disaster Tent with PCM bamboo blind.

— Full scale experiment and simulation in outdoor at summer and winter—

oML M (KERFEEE KT

Hisashi OKUDA*1

WM R CRERFEEE KT

Haruo SOEDA*1

*1 Osaka Electro-Communication University

In this study, full scale experiment of tents were carried out in order to improvement of thermal environut of disaster tent.

It was confirmed that the air temperature inside the tent with aluminum sheets is lower than the tent without aluminum sheets

by 2.2°C in the daytime at summer. It was confirmed that the air temperature inside the tent with heat insulation is higher

than the tent without heat insulation sheets by 2.1°C in the toward evening at winter. As a simulation result, it was found

that the air temperature of tent is lower by 3°C in the daytime at summer and higher by 3°C in the toward evening at winter

that MEPCM using of weight is 60kg .

1. [FL®IC
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BEHAME LTS, WF5ERIE L CHrET 2 v 7= i
MDHDHH, BxITEBEEOREZ Y PCMIEEEERH D
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Fig.1 Picture of experimental apparatus
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Fig.2  Schematic diagrams of experimental apparatus
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Fig3 MEPCM, (Left) For summer , (Right) For winter

Table.1 MEPCM characteristics
Melting Solidification

Latent heat
temp temp (kilkg)
0 C)
For summer 34~37 38~23 195
For winter 18~26 21~17 120

Fig. 3128, AZH MEPCM OFEMFEEZ T, Fiz,
Table. 1 [ZFFLFF10 MEPCM DDl s . e S,
ZoRd, 251 DSC ORIERE B2 VT 5,

880mm

Fig. 4 PCM bamboo blind

Fig. 4 (277 AF > 7 #OF 724U MEPCM % et L
7= PCM Ttﬂ%m*ﬁ J75h1 z&@%é 880mm, JE
2.5mm, I 6mm T&H Y | #72> THE 1800mm & 72> T
W5, ERTIEE, AFMIRELS D 4 @I 1 W“@“‘O
FHELTBY., FH4BHWTHS, 1 B4 0 0FZH
PCM B 51347 0.87kg, 4ZFH D PCM E &3 1.6kg }:
o TWNB,

Table.2 Case study

Tentl Tent2
Casel | Aluminum sheet —
Case2 | Aluminum sheet+PCM Aluminum sheet
Case3 | Fly sheet Fly sheet-+Heat insulation
Cased | Fly sheet+Heat insulation | Fly sheet+Heat insulation+PCM

FEROD/r— A AR T 4 % Table. 2 |T/RT, BZFED Case 1
T, 7 v— MES 2130mm, 1E 1370mm, EX
0.012mm)% 4 AL FHNT, 72 F DRSO > — M EFED
Hesy % B HHER T 5 2 & ORIV, Case2 THZ
PCM T 72 ED L BUVIERDN B D0 % i3 5, Case

ZeTRRD - A TR AT E R
TR IER RS SCE (2019, 3. 11)
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& L THWCA O, KELAO 3 mOWEVE G4 5,
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Fig. 5 Comparison of air temperature inside the tent with Aluminum sheet and
without Aluminum sheet
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Fig. 6 Comparison of air temperature inside the tent without Heat insulation and
with Heat insulation
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Table.3 Thermal Properties

Unit Tent Concrete | MEPCM
Density [kg/m’] 1600 2200 795
Specificheat | [ki/kg K] 1.33 0.86 2.24
Thermal kg | 023 1.7 0.175
conductivity
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Fig.7  Air temperature inside the tent with PCM bamboo blind
(For summer) 2018/8/4
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Fig.8 Air temperature inside the tent with PCM bamboo blind
(For winter) 2018/12/25
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