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Relation between thermal environment and sleep quality in bedrooms with and without air-conditioning during summer
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This survey assessed the relation between thermal environment and sleep quality in bedrooms with or without air-

conditioning (AC). Respondents were 55 residents of collective housing in Osaka. 1) Results show a significant relation

between sleep quality and thermal sensation on days they used AC. 2) The higher the outdoor temperature becomes during

sleep, the higher U(AC Use) becomes. The higher indoor temperature becomes during sleep, the lower U becomes.

3)

The relation between SET* and sleep quality is stronger than that between indoor temperature and sleep quality. The OSA

sleep inventory score becomes highest when indoor SET* during sleep is 23°C with AC. The OSA score becomes lowest

when indoor SET* during sleep is 23°C with no AC.
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The relationship between sex, age, occupation, constitution and thermal control use during
summer — Use of air conditioning, fan and ventilation
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Hyou CHOU* Noriko UMEMIYA* Tomohiro KOBAYASHI* Yusuke NAKAYAMA*
* Osaka City University

1-1) Men reporting a strong constitution do not use AC, set the highest temperatures, and open windows the most. 1-2)
Women reporting a weak constitution do not use fans. 1-3) Employed young women who are tolerant to heat use AC and
fans the most. 1-4) Employed young men who are intolerant of heat use AC, close windows the most, and set the lowest
temperatures. 1-5) Employed young women with bad circulation do not use AC much, but set the temperature high. 2)
Women who are intolerant of heat report the highest costs for AC, whereas women who report a weak constitution also
report the lowest costs. 3) Frequency of AC usage is related to heat tolerance and age. Young groups use AC frequently.

People with high tolerance to cold show no features of thermal control.

1. BExEBW Table.2 Survey Items
VTR, KBr7p EOFHTERTIE, HBRiE b & #iiEiE Classification Question items () :the number of category
- ) YA . .- N .
ﬂﬂ; NS TE%L\_/TJE’?&? LT% S Zlo<ie ﬁ)@j—ﬁ : Respondents age, sex, birthplace, occupation, (3), tolerance to heat,
L<, 1 ﬁ%ﬁ%ﬁ%{@:ﬁ? o %’jﬁﬁ‘ﬁ LT, =73 Af attribute cold(3)a{1d ease of §weating, the de}gree of sensitivity to cold
A — ) F AL L TUND, BEERFZSIE (2230 | T8N (3), physical condition, sleep condition (3), health (4 )
YANIEA=—Y Ne=RIR ) N SI=] Lifestyle, lifetime, regularity of meal time, type of life, intake of
ENES H}i}j:';ﬁkﬁ};‘;ﬂ) R f%ﬁ) v ZE{F%{M%ﬁ}A Environmental breakfast,(3), , habit of movement and drinking,(3),smoking
MFENR D | IXEIRA T Y, 2 M) 1R ERE N awareness (2) bathing method, home time, cooling exposure outside,
% < 7’%%%2“%1/ N4 LR EAERLTWA, ﬂﬂ)\%ﬁﬁ L environmental awareness {10 items} energy-saving

consciousness {12 items} heat measures {11 items} (4)

Ie BT =R ORI AEAT 5 Z L NEETHD,

Living ventilation (4 ), sunshine, the view from the veranda, sight
ZF ZCARNIZEIL., 2004 FEDND 2014 ARIZHNT TRIRD environment from the outside, outside air, security, noise, draft, moisture
A N . . . = subjective and smell, insects such as flies, mold and condensation of
REETIRES 2R RIHS i ST 5 HEOTED A 5 fif evaluation windows and walls, solar heat, sunshine , summer heat,
Mz L, 1616 4% 1), MR, B, REICHESx effectiveness of the air conditioning (3), the degree of

satisfaction of a dwelling unit (5 )

R L, 2) I SRR P R IR, 3) B

E\ 4) w JRVE (PR E\ 5) AR % | BE 2 SR Dwelling unit floor plans, number of stories in the building and the number

attribute of dwelling unit, residence date, building age, the structure of
PEIZDOUWTHBLNNZT D, the building, h\;/indolvlv oﬁent;ition, awning way, dwelling unit
—_ area, ownership, collection form
2. FRIST—%
= PN e e S AT 5) ~3C9) Thermal air conditioner use frequency, air conditioning preset
&1 @Zf\b‘;’é EE % AEEITHT 5 5 SOl P environment temperature (a maximum, a minimum), performance

S H ., fEERIRRE THEUN) 347 L4 &2 TR< . 1269 & x5 L regulation act satisfaction and thinking of air conditioning, air conditioning

electric bill consciousness, fan use frequency, windows open

T2 frequency (day, night), electricity charges (May, August)
Table.1 Data used in this research
IName |Recovery|Year [The Main Universes - . e
A 290 2004  [Mid-to-high-rise collective housing in Southern Osaka EEE (R2) (ZEAREME EERZ AV, BRER
B %9 ho7 boos ghzli:per—high—rise collective housing resident around 2 FREE RN, P RN L IREAREETT A Th
s [N N

c*? 314 2011  [The collective housing resident of southern Osaka Do MR RIS ERRE TEROIEE, mERIL 8 A
D*® 363 2012  |The collective housing resident of southern Osaka L 5 HDOESEEDETH 5,

?0:1) TZ% 2014  |Public rental collective housing in Osaka and Sakai 3. AERROER
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Table.3 characteristics of each type’s classification when max-classification is 7
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The effects of ambient temperature on thermal sensation, body temperature and sleep quality in summer
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To assess the effects of ambient temperature on thermal sensation, body temperature and sleep quality in summer,

overnight video-polysomnographic recordings were done under ambient temperature between 25-32°C in five young male

subjects in summer. Skin and eardrum temperatures were lower throughout the night when subjects reported cool than

warm sensation. At cool ambient temperature, the percentage of Stage N1 increased in the last-third of sleep while that of

Stage N3 decreased in the first-third of sleep at warm temperature. Cool and warm ambient temperature in summer can

differently influence the interactions among thermal sensation, body temperature and sleep processes.
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Tablel Experimental schedule, number of subjects, clothing conditions and measurements

Period 2015/7~2015/9 (20days)
Study facility Sleep laboratory in Graduate School of Dentistry in Osaka University
Subject 5
Clothes 0.3clo (T-shirt, short pants, underwear)
2no blanket
Measurements | Overnight [Beside pillow] Temperature (0.1m,0.6m,1.1m,1.6m)
Humidity (0.6m)
Wind velocity (0.6m)
[On bed (nearby back)]  Temperature (-0.3m, -0.1m, +0.1m, +0.3m)
Humidity (-0.3m, -0.1m, +0.1m, +0.3m)
[Others]) PSG, Eardrum temperature, Skin temperature (8points)
Beforeand | Thermal sensation, Thermal comfort, Sweat sensation, Trail-Marking-Test
after sleep
Aftersleep | OSA-MA, VAS

Pai) . TR 6 B, 0 IFE2 DTNy, +1 R
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iAW, EERIRRR AR T-3 580 -2 i Luy,
“1 R LY & [, 100 & [rpacl, T+ %0
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DT 2V =55 TRIRD 5 >OFeHE & DRHRZ /0T
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OHIRNZRT 5 HAER LR M U, MREIX. USRI
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Table 2 (ZHEBRE B OR%ETRE & RRF ORI DR
2R L, Fig. 1 I[SERIHRARL & B EIREORRZ R
+, TRl OIREEEIT 25°C~28°C, [Hsr] iR
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Table 2 Reported thermal sensation and ambient temperature in five

subjects
Subject 25°C 26°C 28°C 30°C 32°C
A -1 +1 +2
B -3 0 +2 +2
C -1 0 +2
D -1 0 +1
E -1 -1 0

(-3: cold, -2: cool,-1: slightly cool, 0: neutral, +1: slightly warm, +2:
warm, +3: hot)
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Fig. 1 Mean ambient temperature and the three grades of thermal
sensation
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Fig. 2 Mean skin temperature across the night under three thermal
conditions
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Fig. 3 Mean eardrum temperature across the night under three thermal

conditions
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Fig. 4 Difference between eardrum and skin temperature under three
thermal conditions
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Table 3 Sleep macrostructure under three thermal conditions

Sleep parameter Cool Neutral Warm
WASO (%) 6.6 54 13.8
Stage N1 (%) 10.6 99 116
Stage N2 (%) 413 449 40.0
Stage N3 (%) 245 20.2 18.0
StageREM (%) 170 19.6 16.7
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Fig. 5 Changes of StageN1(%) across the night under three thermal
conditions
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Fig. 6 Changes of StageN3(%) across the night under three thermal
conditions
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Fig. 7 OSA-MA score and three thermal conditions
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Relation of Preset Temperature and Sleep Quality in Bedroom
-Survey of Public Rent Apartment in Osaka-
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Based on the responses of 168 unemployed persons living in public rent apartments in Osaka, we analyzed the relation
between preset air-conditioner (AC) temperatures and sleep quality. Results were the following. 1-1) No relation was found
between preset temperatures and sleep quality for ‘high-frequency AC users’. 1-2) Sleep quality of ‘low-frequency AC users’

is high when the preset temperature is high. 2-1) Most frequent AC users feel comfortable whatever the preset temperature.

2-2) As the frequency of AC-use decreases, the comfortable preset temperature becomes higher.
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Tablel Questionnaire survey items

Classification item

Age, sex, working days,
Personal attribute working hours, occupation time

health, stress, residence years, etc...

AC-use Frequency of use, use of timer,
(these days) preset temperature (upper & lower)
Sleep survey OSAn sleep inventory,
(day of the weekday) thermal comfort, etc. ..
Table2 Measurement survey items
Classification item

Occupancy of bedroom, AC-use
Record of life action ) )
sleep, opening of window

OSA sleep inventory,
Sleep survey " Lcomfort et
ermal comfort, etc...
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Effect of Controlling Temperature Fluctuation on Thermal Comfort
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Air-conditioning controls room temperature by thermo-on/off through sensing and predicting change of room temperature.

It causes temperature-fluctuation. In addition, Zero Energy Band Control and Passive Rhythming Air-Conditioning are

aiming energy-saving and cost-saving by permitting temperature-fluctuation. Therefore, considering temperature-

fluctuation is important in considering thermal comfort. This study aims connect to the improvement of thermal comfort

by controlling temperature-fluctuation, and investigates effect of temperature-fluctuation on thermal comfort.
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Research on the Relationship between Thermal Sensation and Water Temperature
for Face Washing

O k@ ZHx  (KWKHVKE) 77—F L7147 (KBRS RF)
e ERT CNGIo NS
Nana UEDA™, Craig FARNHAM™ and Minako NABESHIMA™
“ Osaka City University

With the goal of designing home bath water heat recovery systems to reduce the water heating load for other uses, such as
face-washing, experiments on hot-cold sensation and comfort for water temperatures of 14°C-45°C were performed on 30
test subjects. Subjects could accurately detect a temperature difference of 1°C. Hot-cold sensation on a 7-level vote scale
strongly correlated with water temperature and skin temperature. At 28°C and above, there were no “cold” votes. A heat

recovery system that stores warm water to save energy could also improve quality of life if the set temperature is 28°C.
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Table.1 Chosen comfortable temperature for face washing
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Table.2 7-level water temperature hot-cold vote scale
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Study on Thermal Environment and Life Action in Public Subsidized Housing Built with the
Single-load Corridor Type and Stair-case Type
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Kouki MATSUSHIMA*"  Tomoyuki CHIKAMOTO*"  Yoichi TANABE**  Kazuyuki HARADA*"

*L Ritsumeikan University *? Osaka Prefectural Government

The study focused on thermal environment in public subsidized housing in recent years and existing old staircase type
apartment house. In this paper, first of all, research life action in summer and winter by using questionnaire, and after that,

research thermal environment and life action unknown by only questionnaire.
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Table.2 Outline of questions

BRAEBTR | Nam | ss) ! BEER R
[k 437 204 233 | 380
El)E: 114 51 63 | 141
ik 107 48 59 | 138
EES 24% 24% | 25% | 36%
= HREARS 2015/7/28~8/12 | 2013/11/5~11/19
Table.3 Question list
Bt £ 8
FE AR ZEBEDOFEAKR
FE - R - =R FHATSEH
EH EEMERDRE
BERE DERAKR FALTWAIEE#SS
FHATSERH FALTLSIEERES
I7IVDHBER @O-FREBEIZOWLT

BEEIZBITHEAR
= - MY DRRRIKR

Q- BERFIZMICONT
BEICHITHENRE

SHOMER = - OREAKR
R m A~ DX R ZHORBES
EREFHOEFOOMES IER AN DR
ERRAOBERAOREE  |RKRKEBETOEI~NOXEK
BEFHXRCAE-BE) | ABBFTOEIADOXR

ES-HREHALEE

2. TU— MRAERER
2.1 T Uhr— hRISE RN
FrERFRICIE, R ASL (Figh) (X1, 2 A8
FNZ72 > TV | Fhofn (Figd) 1% 60 KL EOEE
D2 B X TR Y, BEEEA X Y & @l 50N KT
FEFDIVTWOBEHEADFRN T &N oT=, Ziud. A
FRTFANZ/2 ) =L _—H —HRE A SH, ElinE s E - T
FEFVRT L o Tel2dTH D, —H T WEEDRN
FEACITE N FIROME b R o, BEE=EMTIE, F
BN, BHOFE THARSEERS R 205
77
2.2 i

(1) HHADRIRES & Z D%}

HHWIORER (Fig6) (ZBAL T, HES AU, RSB
B0 S REE L TO DB 2R - TR D RRC,
GHEFOZEX” LWHIHEIL 3 EE S TWD, Fe,
HHORBEAOXR (Fig.7) ([ZBILT, “PRER (2B
THIEEDEIED 5%FREITH- TRV .. EASKROR
D Do T2,

(3) EHADBHE~D R
BHIOBHIEDOXEK (Fig.8) ([ZBIL T, =72 %D
B R EFIINE FRC OB =R T H 2 0, HEE T
BT, BEFMTURELZRL 5, BEERCIIE
W72 EEFIHT D LW S EIENREL o TnD, i
IE, PEEREER Gl BRSNS Lo 2, FEE s &
ORI TR ERIRENMEOND -T2 EEZ BN,
2.3 A

(1) &ML FRE Btk
KM BT DR (Fig.9) (ZBILC, FJEE R4
Tl L EBASN TV AKRIER & 1A=E R e
OFEFEIE D EINEIN 1%, 54% EFEFITH L 2o T

BR-AREALE

W5, BEERSARICIE, BRI — Ly FEERIONE
NI 53%, 46% & leoTWb, HERTFRTIE, 4
RI7eRER, PEEESEALCIX, JRFTZEEA %< 72> T
WAHDIE, FEDOREMREDATHDH LEZBILD,

(2) ZHADRIHES & 2 DRI

AMORER (Fig.10) 1ZBIL T, FEE FEUE, BEEE
SR D HTEG L TODIEE OFIGH3E)T 3 BIfEEE
P> TS, BRI (2B DB B I3 6 F D 1 AT
BIZ72 D IRESCHRHEOES”, “MM LT L&D
X7 OHEE EAEDET, [REBEOR EXAGND, —H
T, PR LT WS THBI 1DFFICHEE -
TW5, BSENHED TERNI L & KB
ELTWA Z LT LT, 24 B ORIENH TV D,
PEEEETCI, T 1CBIT 2 EIEN L < | FRT, &
D UNHEBHRHEAET 57 LW HITEBISK 9 BRI
DEHIZ, UL, FESFECI, fE@RORE e
SNTND Z En¥yind, AHORER O (Fig.11)
B LT, AR FARICIE, RRIRDOEIG - TR |
“RHILENTIRNY EVWOTHE T 29% & %< 2o T D,
AR ORIE RIS LR RARD BTV D Z 230
MWD, Tz, "M LOEIIEKRE L THETHD Z &
DT DD,

FEBRTE 214F

0% 20% 40% 60% 80% 100%

B ~30ff m40~50f%t me0ft~
Fig4. Age distribution

131

RETE 1077 15 .

0% 20% 40% 60% 80%  100%
milA m2A m3A m4A m5A meA
Fig.5 Household size distribution

BHLELALBSHNEN
BENELGD
ABLTLSDITELIGYIZK
BIALITKL BEDESAEL
BEMNRIZED
FLUICLKBEDBSARITHED
RERDBINRIZED
BEOHMRICHCIHYLEIZHDS
ABERANEN

R
67%

64%

0% 20% 40% 60% 80%

ERETE osF mREEBER 137F
Fig.6 Problems in the summer



A-71

R A% <70
ZEEOHE T,
BEoEz 222 36y
BORFEETHERNGL Dl 279
LEFEOKELTHREARL el 289
MLV EO S HLTRERML  Eed®0y
I7AVFEMBRE 1y
FRMOSRE I %0,
BEQOKREVARHERHRICRE %,
HEIRBEOABEIRCKE L)y
BICREEEL 2%
0% 20% 40% 60% 80%
BRERTR IR mEERER 129EFF

Fig.7 Countermeasure of the problems in the summer

EVBEOBPERTI7aVEOHTCASYT [ 55
BLBorET7avEOHTES [ 2%,

EVETLEEBEICRBLERT S el
BA#LEEFAT? e 55%
0% 50% 100%

BRETH104F mREER 1377
Fig.8 Precaution of Heat stroke

I7aY T, 82%

BHI7E—5— Wm0y
HRI7vE—45— L 25%,
BRU7vE—45— [k Yy

BHAN—T bl 139

HRZAN—T =%,

BRAL—T I %
BESAAe—4— F3¥

BRA—Rvt e 539

BRIED LSS 469
naFve—4— Bl 129
REEE ™59 71%
BEBERLIRE "0 35%
0% 20% 40% 60% 80% 100%
EABTR107F mBERER 1367
Fig.9 Heating equipment

Table4 Outline of subjects
HRIRCC)
FEERRK| EER [Fi6] thl | EEE [AFH

65 | = 9/10 | OBEE | 257 | 214

X5 | 55 | S

TF
1| S [D(3DK) (chEpe) | 64 | & 2% 9/11 & 266 | 18.0

9/12 | BEDHE | 290 | 182

9/14 | BEOBE [ 278 | 183

9/15 | EEOBE | 203 | 183
Ils|BaoK | 20, |22 |2

2% [ 9/16 | EBEEAF | 245 | 220
UERERE) | 20 | KHE 9/17 Eﬁaﬁs% 239 | 191

9/18 | BEDHLE | 27.0 | 187

9/8 | EDH | 23.6 | 21.7
M| N |D1(3DK) 68 | Btk 4%

E ey 9/9 | IDHE | 257 | 202

oF
(EFERE) | 59 | %tE 9/10 | OB | 257 | 214

9/1 | EDHE | 260 | 216

™ 9/8 | 2OBHF | 236 | 217

IV| N |D'(3DK) (SR | 60 | %t 24 9/9 | IDHE | 257 | 202

9/10 | FEODLHE | 257 | 21.4

9/11 & 26.6 | 18.0

BovuicBN L I e o6
BREISRE Db 305,
BANOHRIFEBHRE  Tu Yo,
ZEORICEZEIRLE RS 51y
BEOLOBEASTITHD D c0%
ERE PO At RN vl I S———
HEORDALENRITHD el 179
BREREOESARICES S i
AEORAENESOAEINRITHS 2 e 719
BEELTLADIZEFYI Bl 15%
BEHSLIZK. BEOELEAEL bl 209
BRARITHD %%
EITESNLLTL B 500
MUK ESARIHS e 129
RAEAOESHARIHS Iuilm 26%

0% 20% 40% 60% 80% 100%

B HBTE o5F mEERER 1377
Fig.10 Problems in the winter

Bz I e 65%
LEFEOHE el 13%
Enwz =% 36

%Eﬁ%{tl’s Bﬁrﬁﬁﬂﬂﬁﬂ: “ 54%
LEFOREL el — 5%

MIEIVEOSZEL., MRERLE |led%e 19%
I7aAVEEMRE %
FREENRE Iwtls 354
Rybh—Ryr0EE 55
BEEERHFORE bl 46%
BEREOEMEE Waf% sy
BEEEDSRE 3%,
BXBARLARORE e 188
BICRBLRL [P 29%
0% 50% 100%
BHBTE 12F sEREY 1367
Fig.11 Countermeasure of the problems in the winter
3. BEHAETEERE
31 ZALEZATY
AFEIFEREEELRR L LT T 72 (Tabled), s
Rl 256 COFHMBIZITNA DL A LEZA TV %
Fig.13~15 (Zd, AR - HPIERE O TIEAIEB T T
5 ZEn% L REAER L T, — L TRERO
[P CITLEEE L FEE=E DR Z B A7 N Tl a2 i
RL T, PSRBTl AU 334 COFEREL T
THEFNEEZfER LTS (Figle) Z EnAibi
W& B =AM Z SRV R B T D Z L AVh D,
3.2, BIRIREEREAR
FEREE (M, B, KERo 3.5 ZFHAIL7-, ZEdR
B T Clpino T Te D BIBIRE DR E IR Z88h I B hs

277,



A-71

4. BHEMIRIEAERE
41 JEERIDERE R
FEFIZBO TRERE ST 217> 7 (Fig.12),
EPRIF DT L 5 ZBEDOBEA BT 247412 X v M
B2 5L 3 = — B AR D SR S AL, ORRIRIC
HDH L - Fi=E - DK O=EME T LTS5 (Figd?).
FoEERI W CERRORE) PR LY §ERME
<. KB L RIRREE L 22 > C0 5 (Fig.18),
42 R - BEmEE
FRAEE TR TR, BEmoORmEEOFH %
11277 AVKIRDR BB 72032 T2 T2 DI~ DZEE TR
HTH D,
5. £¥&8
72— N CIR AR ST R TR DA
EERG R ST BEE B A D & e~ EBREE
DRIBICEE SN TV Z LR ENT-, WrEWEREM:
FOKBIENEDUFHIRKE LS FELTND EEZLNR
B, LT, [EMOENCLY . BE#ICEHIT AEHE
®R. AR 2 HEEHRIHCEN T, e, &
TN T, BRI T4 ClImlg 3 FEIR L0 &
FEESHEZ L TEBY ., e Emes L i 2 B
TWBZ ENGnoT-, — T, A - #K ORI
U CIIREEE AN L ~F g KA L QU DA A2
Sz, FEE FARUZISW T b RIS ORERIZ X - TR
BERBENUGESIND Z LD, AR OFHEIZI TR
BRIE AL U EHEHENEE L e EZ b5,
i
AEEDIERRIC B 7= 0 TN 2= FRFZe R O HETEEIZ
JEGHR L BT 9,
SESHER
1) ELASHE, TR DR R kv 7
DOFAEIZINT T-fb5Rss ) R 2012
2) EIZEEEER, ANESEEZOHBUREHEICS
W, 2006
3) ES, BEBREAVAMEEFEFEIZIT D ELOB N OB
etk & BRERBE S92 BB ORHM, ARSI
BOCHIITHRESE, 2004
4) RS, BFEOBIRERFEHNIBT DEETm EEFE VIO
BENREA~DRE B 2 JHEIZE, ZE5Gifn - i T
PECEE, 1995. 2
5) 3KE S, BEFMEERSERYTEEICRT) AIREEREETIE (2 4)
KA DOIRBEREE C B A ST K DNV EMEE, 22K -
WL T AT AR S, pp. 73-76, 2014
6)IEAD, M FPEE ST R AIREBRERE (FD5)
HHOERFHHFTREN OSEIC L2205, 22500
T« B TR R AGETGRCEE, pp. 205-208, 2014

B BB ik =
RERE BAEEY =
ELEPRY BALL)

hE E7UVTRE
XHE-BERELAEY—E/O
RBEQHERAKR 1781/ 2=V EBBRT ZALEATY

== JIVSizE- 4 BEETELDAET
£RERE  sam F—xs0>
FLEBI HERATT HESS(mm)
® |BrEEY 1000

| Y—E/OUBEEYMIT [1000
H—EV/OURFABYMT [ KAE

Fig.12 Measuring Instrument

W wn [l s
16/17[18{19]20/21{22{23(24
==

S sk 65 Bt 0|1
ERTESE0)
LEEZEQ

[2]alalsle6l7]8
T T

=
& |fn=z
A ok

RS
LEFED
B Ltmeze
o |mz

DK

B . [FZEQ-EBTH

"
i+ B2z m R

<! DK-E8 T

?J] DK-FNZEf]

Bt TR TR
Fig.13 Time diary (subject I Middle floor 9/10)

NERmRsoER [oli2i3l4a]|5/6]7
LEFEED

LfEEQ

20[21]22/23] 24

E3
& |aE
A

DK

!
T
|
|
|

=]
HLBEED
LfEEQ

DK
FEO-BTMH

b |EEQ-ETH

DK T

DK-FZEF

|

CR S 3] [

T
Fig.14 Time diary (subjectIll Lower floor 9/10)

LEFEZED |

NEEReEst: | ol 1i2]3lalsiel7isloitoliiliz[isialisitel17i18}19]20]21]22]/23]24
|- | o 1

LREEER

SLEEED

I

T

:
,
B, |EEO-EBTM ; q !

=@ TR L
T DK~ T sl H
Wy |Dk-FozERg
37 |pxm-mE

Fig.15

-
ctlV High floor 9/10)

[10]11]12]13]14

Time diary (subje
i3la]s] I9

dtfFnE

CESEEs Ses-

21122123]24

-
& |rE
A

Ar

EX=]
NEZEE
3 SRFE

HE

TE[ID
B o |LEIFIZE — ¥R
™ s — 4 AR
T P LB — &R
o BB =R
B —%EM
Fig.16 Time diary (Stair-case High floor 2014/8/18)

e = a7 ; X A
2 Eut FLERR FLERR TLEER
7 —fomA o
N —— oGO
—
® - WRAN <
—swaE o
25
—#mEEE O
2 — R O

~~~~~~~~~~ 4 4 8 8 29495 43 8 d /A

Fig.17 Temperature (subjectlV High floor 9/10)

— FEEFE200
SR (0
SEETER (C)

| —mmEnE o

—EEK ('C)
EEREZR (C)

—EEEE (O

— Bk ("0
AR LM (O

Fig.18 Temperature (Lower, Middle, Higher floors 9/10)




SO DEEREREICAIT-ERERRUTARETIVICK HIEEE
Analysis of the Human Physiological Condition and Thermal Environment in the Tractor Cabin
and Effective Cooling Method toward Comfort and Energy Saving
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The target of this study is the internal of environment temperature at the Tractor. Temperature inside a cabin is very high,
because it is surrounded by many windows and receive solar heat directly. Thus, a cooling device in the Tractor is introduced
to make a comfortable cabin environment for the operator. Therefore, the goal of this study is to propose an energy saving

cooling method for a comfortable cabin environment. Towards it, this study verified how thermal environment in the cabin

effects on a human.
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Research on efficient temperature moderation method for the farming of high-floored sand bed in plastic
greenhouse - An experimental study on the mist cooling in summer -

OXRF  BEA (KBRS RS)
Pl e CRPRMNZRS:)
A 1 (SRR
Shunsuke KIMURA*!

Minako NABESHIMA*!

e ERT (RIRMNZKRE)
R ER (RIRMNLRSR)

KiE B2 CREUEBRHASH)
Masatoshi NISHIOKA**

Yoshiaki KASASHIMA*" Osamu OKAMOTO Yoshiyuki Oohashi*?
*! Osaka city University *? TORAY Construction Co., Ltd. **SHIGEHIROGUMI Co.Ltd

This mist cooling experiment has been conducted at the plastic house in Sijounawate City Osaka where the farming of high-floored sand

bed is used in order to improve the growing and working environment in summer. The mist is sprayed above the solar shielding net installed

in the greenhouse and cools air in green house by the evaporation heat. Changes in temperature and humidity are measured and the water

balance are confirmed.
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Solar shielding net Wet-sheet

Sand bed ®

Figure 1 Installation position of the measuring instrument
(Longitudinal section )(mm)

Water Hydraulic type mist

Pump type mist__
= & i
. __—Wet-sheet

% 4 4
o @ Solar shielding net o

@—1500—@ [ ]
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Figure 2 Installation position of the measuring
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instrument(Cross-section) (mm)

Tablel Measurement item
In greenhouse Sand bed Solar shielding net
Air temperature Soil
Humidity Solar shielding net temperatere
L temperature
Solar Radiation

ump type mist

Mist type Water Hydraullc type mist
SII SIV

Name S SVI PI PII PII
Day 10/15 | 10/21 | 10/22 | 10/27 10/8 10/10
Weather Sunny | Sunny | Cloudy | Sunny Sunny Cloudy
Spray atart time 14:04:30|12:59:00{10:44:30{12:55:30{11:23:00{13:42:00|14:25:00

temperature
(air on Solar shildina net)("C)
Humidity
0.2 16.0 53.0 25.0 0.4 0.2 0.5
(air on Solar shildina net) (%)
Dry-wet-bulb temperature
difference (air on Solar shilding

44.1 45.1 34.0 42.0 39.0 48.0 29.9

213 213 8.1 17.0 119 225 7.8

_ temperature 203 | 289 | 222 | 206 | 271 | 329 | 260
(air under Solar shildina
Humidity
42 37 69 48 50 30 70
(air under Solar shilding net)
Dry-wet-bulb temperature 94 103 39 83 6.9 94 46

difference (air under Solar

Figure 3 Experimental condition
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54 53 00 b, AR ~ b FEZE5C 13 BF 10 43 00 B
7Eole, Ko TI A NOBABNROFHGRHIZZNZT
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Figure 4 Temperature difference(Water Hydraulic type mist)
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=== Airunder Solar radiation shielding
—— Air on Solar radiation shielding
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Figure 5 Temperature difference
(Pump type mist)
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Figure7  Maximum relationship of cooling temperature per dry
wet-bulb temperature difference and the amount sprayed
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Formula 9 OILEEFREUC SV TIEFEAITRO 7l %2
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- ST 22 2 72 3 A FORHEIFER 21TV i) 7 2
A N OWEFERER AT 5 2 DN TH D,
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T 2T, BN OFFEARIE S PRSI 2SR & 72 0
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Wi out = Wn keep ¥ Wairiin = Wiout + Wn_th Formula 1

AW,ir =Wair in + Wh_out + Wi, — Wogye Formula 2

AW, =W, keep — Wn_out Formula 3

Wairin = 3.95x 107° ATyg*® x 2°7 Formula 4”
- dO.S X Wm_out

Woin = Qu Xy X Wy +Qp Xy X Wy g Formula 5

Wo_out = (Q1 + Qz) X7 X Wy Formula 6

H Formula 7

NG X (1)
H = hy(tip — t,) Formula 8
Wi out = Na X My, X Ay, Formula 9
(Cs — Cy) Formula 10
Np = Dpg X B a—
AWair= (Wair, — Wairs) X y X V Formula 11
AWn = Wn, — Wng Formula 12
Wi out  Amount of mist spray(g)
Wh keep  Amount which was water retention in the solar shielding
net(g)
Wairin  Amount of vaporize(g)
Wi out amount that flows out of the calculation region(g)
Wi th amount that has passed through the solar radiation
shielding net(g)
AWy, amount of change in the moisture in the air(g)
Wy out  a@mount of water that has evaporated from the net(g)
Woin amount from the outside air(g)
Wo,,e  amount that flows out to the outside air(g)
AW, Change the amount of water in the solar shielding net(g)
ATyg Dry-wet-bulb temperature difference("C)
z Distance(m)
d Particle size(m)
Q amount of ventilation from the outside air(n)
Q, amount of ventilation from the outside air(n)
Y Density of air(kg/m)
Wi s Absolute humidity of the air above the solar r shielding

nets in the House at the start of spray(g)
Wiy Absolute humidity of the air above the solar r shielding
nets(g)

Cp Specific heat of air(1.0kJ/kg- K)

tis Temperature of the upper than the solar radiation
shielding nets in the House("C)
to temperature of the outside air(‘C)
H Heat transfer by ventilation of the gap(kJ/h)
hy Heat transfer coefficient due to ventilation
Na Diffusion speed(mol/ni + s)
M,y The molecular weight of the water

2

Ay Attached area of the mist (i)
Dag Diffusion coefficient(8.6 X 10°® ni/s)
Cs Saturated water vapor molar concentration in the
temperature of the solar radiation shielding net(mol/n7)
Co The molar concentration of the air above the solar
radiation shielding nets in the House(mol/n1)
) Boundary film(0.0001m)

Wair,  Absolute humidity of the spray at the start in the House(g)
Wairg Absolute humidity of the calculation interval in the last of
the House(q)
Wn, water content of the calculation interval last of the net(g)
Wng Water content of the net for at the time of the start of
spray(q)
1
mist |
1l 1 L L:
Wair in Wm’OUt o
- : Wi_out
Solar shielding net I ] !
Wn kee i
_keep
Wn,lth |

Figure 10 Water balance in the greenhouses

Amount of vaporize

amount that has passed through
the solar radiation shielding net

amount that flows out
of the calculation region

Amount which was water retention
in the solar shielding net

Figure 11 Use of the spray mist(Water Hidraulic type mist)

Amount of vaporize

Amount which was water retention
in the solar shielding net

amount that has passed through
the solar radiation shielding net

Figure 12 Use of the spray mist(pump type mist)
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1) Farnham Craig Edward(2011)Evaporative Mist Cooling and its
Application |p129

2) EHIES(2000) RS & A5/ O FHIEA I E CT—) WK,
o112 )41,P83-88
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Research on efficient heating system for a plaggenhouse in winter
(Part2)Verification of growth promoting effects of leafyetables by the heating and insulting high-flocsadd bed and
evaluation on their effects by application to cadions

O%R & (CRBRMZKRF) e ERT (RIRMILRZ)
maE  Efe (RERATSIRS) Kt Bz OELVERKASH)
A 5 (RS HRIRH) ATE —F (7Y —r 77— aath)

Yoshiaki KASASHIMA*'  Minako NABESHIMA*'  Masatoshi NISHIOKA*
Yoshiyuki Oohash* OsamuOKAMOTO?® KazutakaMAEDA*
*1Osaka City University *TORAY Construction Co., Ltd.
*3Sjgehirogumi Co., Ltd. *Green Farm Co., Ltd.

Recently it is known that high floored sand culttihat can cultivate in easy work and high produtivin this study,
examination of heating system for the high-floosadd bed has been conducted by using coveringiaiatand heating cable.
A Simple of plastic greenhouse is prepared in otdeassess the effects of 2 kinds of heating systhenhot-air heating
system and the sand bed heating system, by a GRilllation tool. As a result, it is shown that thedded heating system
can raise the average temperature of sand bed 8152l in Sendai

[FLCoHIC 1. BERABAR Y RIZE T ZEEFENDEERAIMREE
ek = T ERIE R L DI TIC L W RE B EL % 1L1EAIBE
T TCWBRBEESTFIZENT, EERFEEHZHES TN, KERFIUMRER T T HR RSO B =T R BN T,

Ly LEAEOMEREZE T, BEOTRLX—EDIF BN E N AN LRy RICHRREFRE L, LGB A~
EAEEAMIURIFLTEY . AR ORI LET 4 R)YD 1 AMERIZIT-72, HIEHEE % Table 1 g
b5, Flo, BROMERERESCRECEEE DS X REBENLE % Figure I~Figure 31T,

D BEGIFETH LR, FNOERRT D ERA Table1 Measurement item
FEERENEE STV D, mRAIE R, EE Outdoors In plastic greenhouse Sand bed
PEAE < | BAERE THESFTRE Th 5 72 & DFHE AR, ﬁir T‘?(;‘_“p ﬁir T‘?(;‘_“p
e 1) e e e umidity umidity
AITER T HFEES COEIER Pﬁﬁi%ﬁ/jﬁ@% Wind direction Wind speed ifag: Emp
BRHORRREZ 1TV, ZHIDOIEROUHE B S THEE I &EIC Wind speed Wall temperature San dpheat fux
SVEHH L7, Lo L., BERCORERETCIINED E Short wave radiation | Short wave radiation

Long wave radiation | Long wave radiation

TETHR 770> & OFCEAKE R D3 S AU TUNRU ase, SRR & P
IE 72 D ISR U 7oA ORI H N 7 - S
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Thermal
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Thermal insulating
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Table 3 Brief of each case

Heater Hot-air

cable heating
CaseA — —
CasB O -
CaseC = O

Table 4 Calculation and analysis condition

Turbulence model Standard: knodel

. Nonstationary solution
Algorithm .
by finite volume method

Insolation calculation ASHRAE model

Radiation calculation View factor model

Table 5 Physical properties of each model

Material ; Flexible PVC

Greenhouse .
Open area ratio;0.01
(4500X 6400X 3400mm)
St;0.85 Sa;0.05
Material ; PE
) Open area ratio;0.4
Shading net .
Solar transmittan¢@5s
(4500% 6400X 10mm)
Solar absorptanges
(by Catalog)
Material ; Sand
Sand bed
Solar absorptangess
(1200X 5400X 150mm)
(by documert)
. Material ; Organic soil
sol Solar absorptangeo
olar absorptan
(4500X 6400% 500) P
(by documert)

Table 6 Boundary condition

Positive pressure in west side
. Negative pressure in east side
External surface in greenhouse a .
Specified coefficient of

heat transfer(roof;35,wall;23)

Specified coefficient of heg
. transfer(roof;11.6,wall;8.92)

Internal surface in greenhouse .
Radiation factor;0.9

Diffuse reflection factor;0.1

Heat insulating

Soil surface ]
Constant Temp(soil bottom)
Solar condition 24 Jan in Osaka(ASHRAE)
Outer air Temp 24 Jan in Osaka(extract by JM
Table 7 Brief of Heating system
HP for Greenhouse
Heater cable
(COP;5.30)
Operating time 17~70'clock (14h)  17~70o'clock (14h)
Thermal
- 982.4(Rated) 3400(Rated)
capability(kW)
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Group work productivity and comfort in outdoor work space
(Partl) Experimental Outline and Environmental Characteristics of Target Workplace
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To evaluate the productivity of the group work in outdoor spaces, we conducted subject experiments

comparing the group task performance in an outdoor work space with an indoor work space. In this paper, the

overview of the experiments and discussion of environmental measurements were shown. The result of PMYV,

illuminance and noise level indicated that it was relatively cold, glaring, and noisy in the outdoor work space.
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Group work productivity and comfort in outdoor work space

(Part 2) Subjective Evaluation on Comfort
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Jun HANADA*' Toshio YAMANAKA*' Hisashi KOTANI*' Yoshihisa MOMOI*'
Kazunobu SAGARA*' Tomohiro KUROKI** Naoko NOZAKI** Kunihiko FUITWARA*
*! Osaka University *” Takenaka Corporation

The productivity at work is affected by the effect srrounding environment , such as thermal environment, image of the space, the

distance between persons and a facility. The purpose of this project is to create an outdoor office as a new type of workplace, and the

experiments by using subjects was conducted to confirm degree of the relation of each element on the productivity. This paper focuess

on the questionnaire survey.
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Table 1 schedule on a day

Time | Group A | Group B
pracitice
11;00 P =
Taskl Indoor Individual Outdoor Individual
12:00 Group Group
break
12:10 —. —
Task2 Indoor Individual Outdoor Individual
13:10 Group Group
Move to Outdoor to Indoor
13:20 — —
Task3 Outdoor Individual Indoor Individual
14:20 Group Group
break
14:30 Tndividual —
Task4 Outdoor fovicna Indoor ndividua
15:30 Group Group

BHE L, AV Table 2 task schedule
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Table 3 Items of the working environment questionaire
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classification

question

evaluation axis

importace/

function satisfaction

layout ob furniture

7

facility of furniture

the area on the desk

the area of personal space
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3. FERIRIHMEL — FOIERLEER

the distance between persons

other's eyes

satisfaction

function satisfaction

importance

environment

brightness of the space

brightness on the desk

visibility of paper

natural light

total light environment

air moisture

air freshness

Facility of furniture

Functlon Function satisfaction
relation with other peopl
Thermal Environment
Light Environment
Environment . . Environment satisfaction Total comfort
Air Environment
Acoustic Environment
Activity ,Esthetics
Impressmn Impression satisfaction

Openness ,Familiarity

smell

total air environment

wind environment

sunshine

thermal environment

acoustic environment

sence

brightness of the space

brightness on the desk

visibility of paper

thermal environment

air moisture

air freshness

acoustic environment

sensitivity

wind/sunshine/smell/sound

comfort

environmental comfort

satisfaction

light/thermal/air/acoustic/wind

satisfaction

environmental satisfaction

. . impression
impression

activity

esthetics

openness

familiarity

ease to stay

satisfaction

impression satisfaction

workability

acceptance

acceptance of work

total -
importance

function/environment/impression

satisfaction

total satisfaction
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Fig. 1 The concept of the Working environment questionnair
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Fig.2 Comparison of each satisfaction after task by individual
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Indoor r=0.771,0utdoor rO 697 Indoor 1=0.652,0utdoor rO 866 Indoor r=0.784,0utdoor r=0.882 Indoor r=0.661,0utdoor r=0.756
very saticfaction _
saticfaction mdoor <
slightly saticfaction "g
=] neutral =
.Oslightly dissaticfaction outdoor é 2
g d@ssat@cfaction =
= very dissaticfaction To) o
'*3 Indoor r—0.645,0utdoor r=0.431 Indoor r=0.812,0utdoor r=0.854 Indoor r=0.725,0utdoor r=0.775 Indoor r=0.658,0utdoor r=0.739
2 very saticfaction ® [ ) ® ®
s saticfaction [ ] ) 7o) ® ®
ﬁ slightly saticfaction ® ® ® g"
neutral ) . ® o
slightly dissaticfaction o ® ® O ® o 65
dissaticfaction o o oe o
very dissaticfaction o (o) o
s § 8§ 8§ § § § § 8§ 8§ § § = £ 2 & 2 2 2 § § 8§ 5§ § §
5 8% 3% % % 5 8% 55 %% §EE 5 EEE T 8% 5% % %
'EEREEEEEEE I R I N I E I I B I
553 53 % 5% 5% % - E BB 5% %55 %
2 g 9 > 2 @ 2 > 2 2 2 > 22 2z 2 2 >
cT: 2 0F ST 2 0P :fog 8 ST: fE
2 S ] 2 5 C g z = 2 oy ]
Function Environment Comfort Impression

Fig.4 Relation between total satisfaction and each satisfaction



Indoor r=0.618,0utdoor r=0.086 Indoor F0,725,0utd00r r=0. 727 Indoor r=0.583,0utdoor r=0.514 Indoor r=0.564,0utdoor r=0.545

very saticfaction
saticfaction

slightly saticfaction
neutral

slightly dissaticfaction
dissaticfaction

very dissaticfaction

009

§00% "¢

)

Environmental satisfaction

Individual

4 @@gm'

Indoor r=0.495,0utdoor r=0.371 Indoor r=0.616,0utdoor r=0.739 Indoor r0.535,0utd00r r=0.556 Indoor r=0.493,0utdoor r=0.634

very saticfaction 1 ®
saticfaction indoor: o
slightly saticfaction \. ® [} =
o
) ~_neutral - oytdogr O *® L4 =
slightly dissaticfaction o ® O ® L 2 &)
dissaticfaction
very dissaticfaction (o) (o} (o]
g g § = § g g s g & % & g g g g § =% § g g g g § =% § g g
2 8 2 £ 2 8 8 s & g E £ g ¢ s 58 2 £ 2 38 3 s 5 2 £ 2 38 3
5 5 2 £ 3 5§ B8 5 5 2 2 3 5 B 5 5§ 2 2 g § B 5 5§ 2 £ 5 § B
< o < < Q < < o = < o <
E & § = § & & E & § 8 § & & g & § = § & £ € & § = § & &
g 38 2 2 8 B L2 2 2 2 38 2 L8 g 2 g 2 8 e g 2 g 2 8
= = < < = =1 = = < I3 = = = = < < = = = = < < = =
g 2 28 5 g 2 2 i 8 g 2 2 28 8 g 2 28 8
= - = = = =1 = 4 = > = 4 =
z z o > z g e > g ) Ic) > z ) ) >
2 5 = 2 5 @ 2 15 = 2 15 =
2 = = =
Light Thermal Acoustic Wind

Fig.5 Relation between total environmental satisfaction and each satisfaction

Indoor r=0.618,0utdoor r=0.161 Indoor r=0.725,0utdoor r=0.696 Indoor r=0.583,0utdoor r=0.433 Indoor r=0.564,0utdoor r=0.551

very comfortable

comfortable ° o =
£ slightly comfortable 6 =1
L neutral ‘ o o O —g
g slightly discomfortable 2
[} discomfortable @ ° ® b 2 8 ® : 'g
&) very discomfortable 8 —
=
= Indoor r=0.539,0utdoor r=0.348 Indoor r=0.315,0utdoor r=0.679 Indoor r=0.572,0utdoor r=0.410 Indoor r=0.410,0utdoor r=0.513
5}
g very comfortable mdoor é
o comfortable =%
E slightly comfortable: 8 0 ‘ o ° ‘ g
neutral =
[f] slightly discomfortable OutdOK? o ® 8 @ o @ @ @)
discomfortable o o
very discomfortable (o}
s £ £ m £ £ g s £ & m £ £ & s £ 8 m € &£ & s £ £ m € £ g
S g2 8 &g 8 2 8 g2 & & & g8 £ 8 g2 2 8 & 8 &g 8 S g2 8 g g8 2 8
2 9 9 3 9 © © 2 © © 3 9 9 B9 2 © © 2 9 9 © 2 9 9 3 9 © ©°
£2ciges s Efge 222 ESsd £22E QS
£is¢ 7 £2i& 7o E2iE LT r E2i& L7 %
z E = > z =z = > z =z = > z =z =3 >
2 £ = H g = g g = 2 £ =
Light Thermal Acoustic Wind
Fig.6 Relation between total environmental comfort and each satisfaction
N ST , B > > . AN
KON Ttk ) ([T E B2 D BEREEZ D, 6 F&H - SEROFE

51 REHFMHEREDEZERTF (Fig.s5)

Mndividual] T, [Thermal] OABBIEIRAN RN, =
FMZBNWT, kbmENoTz, £EIMTEIT S [Light)
DAHBIFREDS 1=0.086 & 7372 0 FHBIMERWER & 72 0 |
lLight] o i J& #7423 [Environmental satisfaction] ¢ ¥
PO TWRWNWT LD, [Group) Tik, [Individual |
& [AERIZ TThermal] DOFHBIRED BN, BIMZIBNT
EL, BADOFREIV @ o, BRI ORK &

LT, BREFERIZK LAWLD%4 . [Environmental
satisfaction| & ARNia Al & 72 DM H - 72,
5.2 REMHIZRT DB RF (Fig.o)

lndividual] T, BN, B2 L H1IC [Thermal] & D
FHBERAMR S Em VR R & 72 . BNO TR L Vg - T,
[Group] TlX., BHNIZEB W T TLight] K& O [Acoustic]
OFHBARRM R ICE < . BAMTIWTIL [Thermal |
L OBABRIRVAE R L 7o o7z, FR BNV T,
[Thermal | @5 & FEAME U & . [Environment Confort] @
P HIK< 72D Z E R o Tz,

A ElOYERE TR IR BT D 7NV —T T — 7T
RN T TEREIT o728, Puitt E8EHHIZ VT
iﬁktﬁw%7wﬁmk%&%iﬁ5h&woko
BT X A7 FER LI L CTRita: LT TFETH D,

[RHEE ] AWFFRIXEREEA TRk 25 421 CO2 Pk HH Rkt SR pi b i i
FITRRASE « JREFE) OFFEFE (HMBRHEL B ¥—
ICEN D EEE OB AT 72O DZERIZRE L FHE L AT L)
D—EEL L TEMML,

[ZBIH] D fRE, WP, WaFel, HOorEM, MM
i, B, LR : T8O Y — 7 A — A DM AEFENE R O

B B B TRZE (200 2) BB ZE B O Ptk 2 BT 2 AT
R - R T AT H AT R 2SR pp. 137-140,

2014. 3

2) FAET, @R, HaFFL, PR, FERM, TR,

%%ﬁ%,%E%E.WﬂH 7 A= A DA FENE R OV
2B 2058 (20 2) AR & fEERBEIC OV T o EEFE)

ZEERRN - A LT MR RN e R R A S | pp. 204-207,

2015. 3

3) BRI , i Ede, FAaAL, JEmE ,, BAKH, Bkt &

D — 7 AR—=ZADPGEN & SV —T T — 7k DA REN (£

D 1) #eBRE SR & (EEE M OBREERE ) |, 22X - AT

DTSR PN C R RS F U | 2016, 3 BT E



BN T—OZAR—ZADREMEET I —T LIS DM EES
D3 TIN—THERICE DB EEM

Group work productivity and comfort in outdoor work space
Part 3 Group work productivity
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Tomohiro KUROKI™ Toshio YAMANAKA™ Hisashi KOTANI™
Jun HANADA™ Naoko NOZAKI™ Kunihiko FUIIWARA™
*1 Takenaka Corporation *2 Osaka University

A subject experiment in the “divergent community space” to evaluates workplace productivity was conducted.
Correlation with productivity including by group task and environment and impression in each spaces was investigated.
We found that outdoor environment increase the creativity performance by group as well as by person even if it is
thermally uncomfortable.
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Design Methods of Community Space in School Building
(Part3)Field Survey on Actual Usage of Courtyard and Adjoining Indoor Space

in Junior and Senior High School
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Yoshinao MOMOI*? Kazunobu SAGARA*? Jun HANADA*2

*1 Takenaka Corporation *2? Osaka University

In this study, design method of community space in school is proposed. Recently, the community space in school have

been

important factor when students choose new school. Environmental elements such as temperature, globe temperature, relative

humidity, wind velocity, illuminance, and solar radiation, questionnaire, and visual survey in court and indoor space to

comprehend feature of the place were conducted. In this paper, the result of the annual research is presented.
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2.3 BHHRESRER (Fig4) Spring 2014 | Summer 2014 | Autumn 2014 | Winter 2015 | Autumn 2015
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Measurement Equipment | Height of Point(mm)
Temperature 500
Relative Humidity T&D RTRS3 500
Wind Verocity Field Pro 200-WS01B-5 1070
Globe Temperature | Climatec C-BB-75mm 800
Solar Radiation Field Pro SP-110B-L3 650
Illuminance T&D TR-74Ui 650
Table2 Measurement Equipment
2.3 77— RE
HPVARAE D & @3 A 2 X RIT, AR — VL O EED

FIA & RENICET AT v — ]\ﬁ)ﬁﬁ%ﬁo 7-. FhE
Hf & Tablel, 7 > % — NIHH ZTable3, [AI&FH %
Tabele4lZ. FILFILRT,

Question items Answer format

Individual attribute| Scool year, Sensitive to heat or cold Select answer

Usage of hall or

Frequency of usage in hall or courtyard Select answer

courtyard ’ .

Reason why you don't stay in hall or courtyard Free answer

Place where you stay frequently other than hall and courtyard Select and free answer
Usage and Staying time, the number of your group Select answer

impression about
hall or courtyard
in which you stay | Thermal sensation, Thermal sensation of seat,
more frequent

Reason why you chose hall or courtyard, Action what you do there |Select and free answer
5 stage evaluation

Brightness, Noise, Cleanliness of air 5 stage evaluation
Wind, Sunshine, Smell 4 stage evaluation
Activeness, Sophistication, Spaciousness, Familiarity 5 stage evaluation

General comfortability, Ease of use 5 stage evaluation

Comfortable phenomenon Select and free answer

Table3 Items of Questionnaire

Spring 2014 | Summer 2014 | Autumn 2014 [ Winter 2015 Total
1st J.H. 38 35 36 34 143
2nd J.H. 35 37 33 34 139
3rd JH. 35 37 37 32 141
1st SH. 50 42 48 48 188
2nd S.H. 47 50 51 50 198
3rd S.H. 49 46 42 — 137

Total 254 247 2417 198 946

Table4 Number of Respondents
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Measurement about Learning Environment of School and Learning Efficiency Transferred Before and
After in Summer and Autumn in a New School Building
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In 2013, R junior and senior high school was investigated classroom environment transferred before to compare

transferred before and after. Then it was moved in 2014. In this research, we surveyed about learning environment of

school and canvassed by using a questionnaire and a diagram test in R junior and senior high school. To measurement

about the relation between classroom environment and learning efficiency transferred before and after in a school.
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Fig.6 Illuminance on a desk surface transition of classroom transferred before and after / summer and autumn
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Study on city green coverage ratio estimate using the vegetation index
by the high-resolution satellite
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Recently, high spec sensors on satellites have been lauched such as IKONOS, GeoEye, and so on. With

these high resolution sensors, however, new type errors on land surface classification, the shadow

effects, which caused by high rised buildings were reported. This study aims to investigate the

accuracy of classification of green coverage with recent high resolution sensors. We used data from

GeoEye (launched in 2008, resolution was 1.64 meters). As the groundtruth data, we used aerial

photographs. The resolution of these nomal color photos were about 30 centimeters at the ground.

In this study, we used GIS to compare these data.

As the result, a weak correlationship between

Normalized Differential Vegetation Index (NDVI), which was calculated with GeoEye, and the ground

truth, which was accounted from the aerial photograph, was recognized. The reason why there was

only weak relationship was estimated that the offnadir angle in aerial photograph, and some error

in geo—reference of the aerial photograph.
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Heat Mitigation Effects of Schoolyard Partial Turf Planting

OFA & CRBRHNZRS)
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Takeshi KISHIMOTO*! Noriko UMEMIYA*! Tomohiro KOBAYASHI *!
*1 OSAKA CITY UNIVERSITY

This paper evaluates heat mitigation effects of partial turf and studies effective/less effective place of

partial turf by Computer Fluid Dynamics (CFD) analysis. This paper confirmed by questionnaire and

aerial photograph survey that 1) partial turf planting is major manner in an Osaka city elementary school.

According to our CFD analysis, 2) the maximum temperature decrease is 0.79 K. Heat mitigation effects of

turf are 3) more effective at windless locations or 4) only on turf, and 5) less effective if the partial turf is

downwind to sandy ground. 6) The maximum Wet Bulb Globe Temperature decrease is 0.98 K, but no

analysis case shows that Wet Bulb Globe Temperature decreases from over 31°C to less than 31°C.
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Table2 Surface temperature [°C]

Building Surface Ground of City
Northern | Southern | Westen | FEastem | Roof | GND(light) | GND(shade)
3584 | 3579 | 3995 | 3848 | 51.80 5180 | 3760
Ground of Schoolyard
Sand(Tight) [ Sand(shade) |  Turflighty | Turf(shade)
51.20 | 37.94 | 46.73 | 34.64
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Table3 Temperature decrease at study points on partial turf

K Case2 K Case3 K Case4 K Case5 K Case6 H Case2 H Case3 H Case4 H Case5
Maximum[K] 0.40 0.43 0.54 0.70 0.78 0.42 0.20 0.16 0.40
Average[K] 0.24 0.18 0.18 0.32 0.56 0.21 0.11 0.15 0.27

Table4 Average of WBGT at study points on partial turf

K Case2 K Case3 K Case4 K Case5 K Case6 H Case2 H Case3 H Case4 H Case5
Before Turf [°C] 29.68 32.07 32.14 32.12 35.55 29.56 31.92 31.72 31.99
After Turf [°C] 29.22 31.62 31.74 31.60 34.77 29.18 31.59 31.34 31.53
Decrease [K] 0.47 0.45 0.39 0.52 0.79 0.38 0.33 0.38 0.46
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Study on the creation of the cool road in the business district in summer

O B4 EEKRT) AR IEFD R RT)
Ayana FUKUTI™! Masakazu MORIYAMA™
*! Setsunan University

For the comfortable walking spaces for the people, shades and winds influence them. In this study, it is aimed that the
creation methods of the cool road in the business district in summer are suggested. Therefore, the present conditions of the
business district were observed. The shades are effective for the creation of the cool road. However, in the shade, because it is
thought that the wind also has an influence to the comfort walking spaces.
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Study on performance evaluation of the outdoor Heat Island measures technology

in large composite facilities

(Part7) Thermal sensation evaluation by buildings and trees arrangement and covering material
properties

OF b KRS (PP REE)

Prok & #f (E R

R T (HERRG M E & (BERED ol = (HEERGD

Kentaro AOYAMA*!

Makiko KASAHARA*?  Shingo TANABE*?

Hideki TAKEBAYASHI*!

*1 Kobe University *?Nikken Sekkei Ltd.

Makoto KOUYAMA*?

Several heat island countermeasures technologies are applied to the objective building. In this study, the outdoor thermal

sensation is evaluated focusing on the effects by buildings and trees arrangement and covering material properties.

Thermal sensation index SET* is primarily affected by solar radiation. Tees arrangement is important to the places where

are not shaded by buildings. Cover materials improvement is important to the places where are not shaded by buildings

and trees. Both of solar radiation shade and cover materials improvement are needed for outdoor thermal comfort in the

daytime, and solar radiation shading is needed in the evening, in the typical summer.
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Figurel. Building shape, trees and covering materials arrangement

and area ratio of each ground covering materials

Tablel. Area ratio of trees in entire area and three areas

Entire area 10%
Open plaza 6%
Rooftop garden 5%
Green garden 20%
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Table2. SET* reduction effect in three areas
at 13:00 on typical summer day
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Study on Performance Verification and Evaluation of District Heating and Cooling System
Using Thermal Energy of River Water

Report 16: Evaluation of Exhaust Heat Load Reduction causing Heat Island using Thermal Energy of River
Water and Efforts of 11 years after Starting Operation

(% 16 )

O & + s ¥ (BEmEED) R 5 N (BEWES))
P IE (RERGHREHTIERT) oA E A (HERGHEATZEAT)
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Ryohei KANEKO*! Hideto HAYASHI*! Hideharu NIWA*? Naoki TAKAHASHI*?
Kazusa KOIKE*? Noriaki MISHIMA*?  Yoshiyuki SHIMODA **

*2NIKKEN SEKKEI Research Institute
*3 Kanden Energy Solution, CO.,Inc

*1 The Kansai Electric Power Co.,Inc

*4Osaka University

The DHC system in the block 3 in Nakanoshima district uses heat pumps and river water to achieve the efficient use of the
heat source and mitigate the heat island effect. This report outlines the analysis of the operating conditions of the heat source
system and plant performance records for the consecutive 11 years since the operation was launched, and also reports the
evaluation of exhaust heat load reduction causing heat island using thermal energy of river water.

[FLHIZ 1. SRATLEE

KB Z BArET 2 T2 5 =T B K RS
Wisk) 12BN TL, BYRS 2T A0%hERm L v — h T A
Z v NBGOEMEZ BRI E LT, SEMIS)IKFIH e
— bR TV AT DEFRA L ARG i S - HERE
HAERL QD D, A, EAHBAE 11 O
W7"Z > FOERFAESCT T > COP OIRFEHERS %5y
M7z E-MIARIHIC L e — T A T2 RAfT &
L COPEEAERIR OB SNT, B oERRpIC X
VM ZAT 72D T, LUFICHE 5,

Tosabori river

ce2 Station

Offic

Total capacity
Cooling: 80,002MJ/h (7,059RT)

Heating: 65,553MJ/~ (18,190kW)
High temp: 1,296MJ/h

(360kW)

¢ we—\Warm water distribution pipes
Cool water distribution pipes
| == Hot-water supply pipes

3rd stage

Figure. DHC system diagram

| e Riverwater intake and discharge pipes
er

Afex DEBEET Y 71X, 2005 FEOEHBME S, 11
HATH45(2009 4F) 2#% T, 2013 4 3 A T4 T L
TV, MTHETIE, HICHFEI e 18 GERE
FEK) 48,000m2) K OV T /L 1 4 GEFR iKY 13,000m2)
~MHREBA LTV D,

Fig.l 2B 7 7 o OB AT LRI,
Table.1 |2 FEE R & EEWE OMHHERE Z 2R T,

Table.1 List of heat source equipment
[1st Stage]
Cooling Heating Number
HP - 838MJ/h 1
HP Cool water : 3,080MJ/h | Cool water heat recovery : 3,606MJ/h | 8Unit
Ice Storage : 1,936MJ/h | Ice storage heat recovery : 2,448Mi/h (16)
TR1 5,063Mi/h - 1
Storage capacity | Number I
[ IST1 [ Dynamictype 139,440M) 870m3 [ 8
2nd Stage]
Cooling Heating Number
Cool water : 5,062MJ/h
= Ice Storage : 4,404Mi/h 4187Mi/h !
Cool water : 8,640MJ/h
SR2 Ice Storage : 8,478MJ/h 13,860MJ/h 1
TR2 7,595Ml/h - 1
| | Storage capacity | Number |
[ IST2 | Statictype  78,230MJ _545m3 | sunit |
3rd Stage
Cooling [ Heating [ Number |
| R31-R32 | 8,561MJ/h | 8,910MJ/h [ 2
Cooling Heating Number
HWR41-HWR42 - 464M)/h 2
HSR43 - 184MJ/h 1
HSR44 113MJ/h 184MI/h 1

TR : Water Cooling Turbo Chiller

IHP : Water Source Screw Heat Pump (Ice storage and heat recovery)

IST: Ice storage tank

SR : Water Source Screw Heat Pump (Ice storage and change of cool and warm water mode)
HP : Water Source Screw Heat Pump (Heating)

R : Water Source Screw Heat Pump(change of cool and warm water mode)

HWR : Scroll Heat Pump (high temp.)

HSR : Scroll Heat Pump (High temp. or high temp. and heat recovery)
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Figure.2 Amount of heat sold by the plant(per consumer)
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2010/7~2011/6

Figure.5 Annual moving plant COP
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Figure.12 Heat storage/radiation amount (2005/7/19)

15,000
10,000

®m Heat Absorption from the Atmosphere
= Heat Radiation to the

o
=3
=1
3

0

(5,000)
(10,000)
(15,000)
(20,000)

Heat Radiation Amount to
the Atmosphere[MJ/h]

0:00  2:00 400 6:00 800 10:00 12:00 14:00 16:00 18:00 20:00  22:00

Figure.14 Qua (2005/7/19)

200

W Heat Radiation to the Atmosphere
150 = Heat Absorption from the

100

Heat Radiation Amount to
the Atmosphere[Gl/day]
"
- 8

Heat Radiation Amount to

(50)
(100)
= EE R B E E E EE G E E R E E R E E EE E E G E E EE
=|2[3| 2| E[2|E=|2| 2 (2| E|2|E|=|9| 2| £ |E| 2|E|=| 2| 2| £| €| 2| E|=| 4| 2
7213 14]5[6]7]8]9]10]11]12]13|14[15[16[17]18]19]20]|21]|22]|23|24|25|26 8]29]30]31
Figure.16 Qua (2005/7)
200

. 150 ® Heat Radiation to the Atmosphere

bolr ® Heat Absorption from the Atmosphere

25 100

g3

B 50

E2 0

2%

SE G0

BE

U0

) HEIIEIEEEEE = 1E=EIELE Fl ~==u-c=":“='='u'-u'

= E|2|2|12|5|5| 5|12\ 812|215 | 2| 2| 2| 2| 2| 2| £| 2| 2| 2| £| 2|2 |£| 5| 5| 2| £|
B 2|3 |4|5[6|7|8[9]10]11]12]13]|14]|15]|16|17|18|19[20(21|22(23|24|25|26 8]29]30|31

Figure.17 Qua (2005/8)

Heat Storage/Radiation Output Energy [MJ/h]
Amount[MJ/h]

Heat Radiation Amount to

Heat Radiation Amount to

BE
1) ke s PRI < JRT) IR FRHBEEER S S AT A OMERERRGLE « R B
FHRIGHER 1 85 15 9, ZeKRn- i s Rl
££, 2006.3~2015.3
2) =i T PERth : SRR L2 TR ZTE A L7 a2
T LOMHEEE SRR DR 4 ), 25 e TR sn
S, 20069
1 1) JREER: « SRR OMEFHT TR S - B0
12 Tﬁ?ﬁﬁ%ﬁbhﬁéZ&Fﬁ%jﬂ{ﬁ%g BT HER
T 3) AEPEENE: KB :T FHll s e
HE4) 7" 7/ COP=HRFeHNGE: (LA A G 1) 1M —&

s 20,000 oG Power Consumpution(Building)
=) # Electric Power Consumpution(DHC)

2 15,000 [ mHeat Radiated from the Human Body

H

|

2 10,000

=

5,000

0:00 2:00 4:00 6:00 8:00 10:00  12:00  14:00 16:00 18:00  20:00  22:00
Figure.9 Inputenergy (2014/8/19)

0

(5.000)

(10,000)

(15,000)

(20,000) # Heat Radiation Amount to the River
m Heat Radiation Amount of the Hot-water Supply

0:00  2:00  4:00  6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00

Figure.11 Output energy (2014/8/19)

(25,000)

20,000
' Heat Storage Amount

15,000 = Heat Radiation Amount
10,000
5,000
0
(5,000)
(10,000)
(15,000)

000  2:00 400 600 800 10:00 12:00 1400 16:00 1800 20:00 22:00
Figure.13 Heat storage/radiation amount (2014/8/19)
15,000

= Heat Absorption from the Atmosphere
= 10,000 = Heat Radiation to the A
2 5,000
i
k] 0
£
é (5,000)
<(10,000)
2
= (15,000)
(20,000)
0:00  2:00 400 6:00 800 10:00 12:00 1400 16:00 18:00 20:00 22:00
Figure.15 Qua (2014/8/19)
200 —
W Heat Radiation to the Atmosphere
_ 150 = Heat Absorption from the
£y
£ 100
3
g s
5
§ 0
£ 60
< (100
2 BRI EEEIEEHEEE 2l slsl 2=l 5] gl gl ¢l 5l 2l =l 5] 2] 2| ¢|s] 2
1] e e e e e L e B L T e T e el
7l 2[314]5]6]7]8[9]10]11]12]13]14]15]16]17]18]19]20]21]|22[23]24]25|26 9[30]31
Figure.18 Quar (2014/7)
200
150 ® Heat Radiation to the Atmosphere
= ® Heat Absorption from the Atmosphere
£ 100
3
g s
5
-:l_« 0
g (0
3 000 PR R e
e E R R R E R P R FEREREEE
8] 2|3 [4]5]6[7]8]9[0]11]12[13]14]15]16]17|18[19]20|21[22]23|24]25]26|27| 28] 29|30|31

Figure.19 Quar (2014/8)



A-85

PR & DRIKIETE D KT RV E D H TE

Moisture absorption properties of water retentive pavement
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1 Osaka University

Obijective of this study is to investigate the moisture absorption characteristics of water retentive pavement (WRP) during

rainfall events and to estimate the effect of WRP on mitigation of increase in the surface temperature after the rainfall events.

Evaporation flux was measured under 4 experimental cases. Evaporation occurred efficiently with lower volumetric water

content in the rainfall cases compared to the saturation case, indicating that rain water absorbed by WRP dominantly

distributed near the surface. A one-dimensional heat and moisture transport model for WRP generally captured temporal

variations of the evaporation flux and the surface temperature in the experimental cases.
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Experimental evaluation about water evaporation process of granular packed bed

OitA KIr CRBRAFILKRE) ENN

Daisuke TSUJIMOTO

He— (KBERFLA)
Shinichi KINOSHITA  Atsumasa YOSHIDA

HHOEIE CRERFSLRE)

Osaka Prefecture University

The waterretentivepavement by porous materialsis proposed as one of the mitigation measures for urban heat

island. For the deterioration of evaporation performance of the materials in the drying process, performance

improvement by means of granular porous media is considered. The effect of internal pore structure and particle size

related to the inter-particle void structure on the evaporation performance of granular water retentive material are

experimentallyevaluatedby drying tests with thermostat and wind channel.
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Tablel Measurement samples properties

Particle Carbon Particle | Combination Porosity
size[mm] size[um] ratio [mm?]
15 100 10:1 044
3 100 10:1 044
15 6 10:1 042
15 L 10:1 0.32
Table2 Physical properties media sample
Carbon Specific Moisture B
. . Permeability
particle Heat conductivity 0
. 10 [x10”mi/s]
size [um] [kI(kg-K)] [x10""m/s]
6 157 6.81 2.86
100 184 6.73 256
<
Eos
2

o
o

Thermalcg:onductivi
~

0o 10 20 30

Moisture content[%]

Fig.1 Moisture dependence of thermal conductivity

N T T T T T T T T T
- —O—Desorption of moisture process(6 um) A
- —®—Absorption of moisture process(6 wm)
I --A--Desorption of moisture process(100 um) 1
- --A--Absorption of moisture process(100 pm) ,#

o
-
o

o

o

g
T

o
o
3

Moisutcgre content[kg/kg]O

%30 40 50 60 70 80
Humidity[%]

Fig.2 Equilibrium moisuture content

3. JEliFZE AL V- BTIEERER

JRGE S — B DZA CHEGSFERAA T, BIRE L OO
T K DZFEMEREA~ DR A TS 2 . ZOIMEREI SRR
BT, SRS, FmIEER L OWENRE ORFZ L& HlE
THZEICEDEHm LT

3.1 AERE

MITEREE OB 21X 3 1R T, EUREEE 3755 2 HH
L, BRns, e—2—%7 K, )AL, TANEZ Y
2y, DC7 7 TR SN TN, T ObEKIEIT
180x80mm DEHET, DC 7 7 > Offisk7s & O ARk
ZREZDHZEIZE 0 EEE 1.0~8.0 [m/s]ktH TS
5 ENTE S, WEEDOHANOMEEZIE L, )
BIOMREZ 2 KRR, e biT e — ReLa Huv
TERFRCHIESR L, WsHE AR 5. RS FOIEES
HIET 2572012, K RUENGE R 2 07> 5 45mm F T 7.5mm
MIREIZ 5 & FTR%E L7e. $£72, FSHEBIEERIC B it -
TNT D ENFEAR 2 B CRIES 5. iAD 7= 0125k}
JESTHI X 30mm, FREMANERIZ 20mm OFEIAT 1—/L
LV AT EREH X 4 1R

HIEREHIERE 15mm OERIREELE, B - & 3mm
DOFFRREE 2R L, BRREUEHZ DWW TS, 100um 1F
PERFC S, 6um TEMERACS, THIERECS 72 Lo 3 FREME
B U7=. PIRRIREEH S 100um JEPERECL A 1 FEEMERR L
7. Rkl b, d, ¢ &9,

HESIHIRE TR 5. FHENZBWTREHFEEREN
EROIRIENE—272 D FC, Kan Lia T 7 TEWY, 7
Z M7 v a  AOAFTEDREREIC/RD X ) It —
L, I A NMRERZIPEEUERIZR D E THRE L.
BENEE ISR TT v T EBRE L. 7 — X%
F—FaA—CEZIT, AERRIT 10 L

=
S
o

J
=

Heater duct

Temperature and humidity sensor The&nos couples

Anemdmeter Heater nozzle
Wind chanyel
Fan \/

LN N

> Lt

Test section 9| |

™ Insulato

Load cell

Heater

o
&
Ultrasonic mist maker
Humidity controller

Temperature controller

Function generator

90

Fig.3 Direct picture of wind channel duct



(b)6pm, e15mm

(c)100pm, e3mm

(d)Non carbon, ¢15mm
Fig.4 The measurement items
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Study of the soil temperature estimation method in each depth using the observed soil
temperatures in the shallow strata of two points
Consideration of the local coefficient estimation method
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Akihide KAWAKITA*!

=B Hi OAE (MK
Hiroshi MIYAZAKI*!

*1 Kansai University

In this study, I propose a method to estimate the soil temperature profile with three actual measurement

data. One is a grand surface temperature. Other two are soil temperature at two different depth. As an

overview of the estimated equation, I use the properties of the dimensionless annual range of soil

temperature and two kinds of thermal diffusivities. As a result of the comparison between predicted values

and measured values, I verified that the accuracy of the predicted values are high and this method is

practical for an architectural planning.
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Table2 Result of Local coefficient

T

Sendai Nagasaki
Depthlm] a 8 v v % Depthlm] a 8 v v v
[} 105070 105070 105070 1 o 107166 107166 107166 1
01 049459 105070 100000 1.00000 1 01 069208 107166 100000 100000 1
02 050997 105070 094ge2 09482 1 02 060519 107166 094949 094949 1
03 052746 105070 089693 089693 1 03 063400 107166 088604 088604 1
05 055702 105070 079529 079529 1 05 070204 107166 075442 075442 1
1 052161 105070 062366 062366 1 1 081954 107166 057676 057676 1
2 063403 105070 029564 029564 1 2 052639 107166 037397 037397 1
3 028450 105070 044751 044751 1 3 048808 107166 024782 024782 1
5 038311 105070 015473 015473 ' 5 o04914s 107166 009181 009181 '
Fulkushima Tyoshi
Depthlm] a B v v %% Depthlm] a v v vy
o 107040 107040 107040 1 o 105875 105875 105875 1
01 068035 107040 100000 100000 1 01 057090 105875 100000 100000 1
02 061359 107040 094679 094679 1 02 057771 10875 094322 094322 1
03 057999 107040 089946 089946 1 03 057911 105875 088990 088990 1
05 045279 107040 085354 085354 1 05 047163 105875 083634 083634 1
1 083172 107040 056911 056911 1 1 041190 105875 070131 070131 1
2 063058 107040 030327 030327 1 2 038800 105875 048720 0.48720 1
3 054397 107040 020932 020932 1 3 038730 105875 033128 033128 1
5 046933 107040 010243 010243 ' 5 039404 105875 014762 _0.14762 '
Rofu Gita
Depthlm] a B v v %% Depthlm] a v v vy
) 107848 " 107844 107844 1 o 109519 109519 " 109519 1
01 075520 107844 100000 100000 1 01 090927 109519 100000 100000 1
02 086690 107844 090678 090678 1 02 056976 109519 097724 097724 1
03 078305 107844 085266 085266 1 03 064606 109519 090222 090222 1
05 070439 107844 075830 075830 1 05 058642 109519 081686 081686 1
1 056157 107844 061505 061505 1 1 054665 109519 063399 063399 1
2 055985 107845 035198 035198 1 2 052454 109519 038360 038360 1
3 054488 107845 021032 021032 1 3 050848 109519 023823 023823 1
5053674107844 007367 007367 ' 5047039 109519 010424 _0.10424 '
Nagano Taligak
Depthlm] a B v v %% Depthlm] a v v v
o 109996~ 109996 109996 1 114920 114920 114920 1
01 095269 109996 100000 1.00000 1 01 139143 114929 100000 100000 1
02 064539 109996 096676 096676 1 02 089485 114929 096096 096096 1
03 054120 109996 093508 093509 1 03 070507 114929 093018 093018 1
05 050724 109996 085355 085355 1 05 057057 114929 086403 086403 1
1 048204 109996 067925 067925 1 1 045336 114920 073036 073036 1
2 044020 109996 045597 0.45597 1 2 039259 114920 052412 052412 1
3 044830 109996 028661 028661 1 3 038259 114920 036472 036472 1
5043191 109996 012691 012691 ' 5 039338 114920 016077 _0.16077 '
Ranazawa Morioka
Depthlm] a 8 v v % Depthim] a v ¥ vy
o 10698 10698 10698 1 o 106157 106157 106157 1
01 06749 10698 100000 100000 1 01 059752 106157 100000 100000 1
02 05400 10698 096030 096030 1 02 051905 106157 095690 095690 1
03 0536 10698 091102 091102 1 03 050216 106157 091311 091311 1
05 04835 10698 084008 0.84006 1 05 052348 106157 081710 081710 1
1 0as3l 10698 067328 067328 1 1 054395 106157 061619 061619 1
2 04483 10698 043646 043646 1 2 055503 106157 034983 034983 1
3 04089 10698 031371 031371 1 3 054008 106157 021003 021003 1
5 03658 10698 017180 0.17180 ' 5 041482 106157 013341 013341 '
Nagoya Matuyama
Depth(m] a 8 v ¥ vy Depthlm] a 8 ¥y v vy
o 108558 108558 108558 1 o 104415 104415 104415 1
01 082112 108558 100000 1.00000 1 01 043203 104415 100000 100000 1
02 053838 108558 097476 097476 1 02 039708 104415 096443 096443 1
03 053965 108558 092332 092332 1 03 037241 104415 093377 093377 1
05 020535 108558 093654 093654 1 05 032805 104415 088619 088619 1
1 034011 108558 077260 077260 1 1 035765 104415 073019 073019 1
2 033888 108558 055120 055120 1 2 036805 104415 050012 050012 1
3 033200 108558 040096 0.40096 1 3 034197 104415 037420 037420 1
5034640 108558 019207 _0.19207 ' 5033210104415 019843 _0.19843 '
Tikone Rkita
Depthlm] a 8 v ¥ % Depth(m] a 8 v ¥ v
tisizz stz Lisize 1 104448 104448 104448 1
01 141250 115172 100000 100000 1 01 043515 104448 100000 100000 1
02 079574 115172 098227 098227 1 02 042671 104448 095004 095004 1
03 064771 115172 094833 094833 1 03 035436 104448 093914 093914 1
05 044772 115172 092072 092072 1 05 037201 104448 086681 086681 1
1 040294 115172 076976 076976 1 1 036937 1o0s4ss 072191 072191 1
2 035310 115172 056839 056839 1 2 032594 104488 054424 054424 1
3 041253 115172 033409 033409 1 3 034333 104488 037289 037289 1
5047687 115172 010613 010613 ' 5037508 104448 016011 016011 '
Gaaka Rumamoto
Depthlm] a 8 v N vy epthlm] a 8 v v vy
o 1107522 1107522 1107522 ' o 109771 " 109771 100771 1
01 1021248 1107522 100000  1.00000 1 01 093231 109771 100000 100000 1
02 0653683 1107522 097179 097179 1 02 080156 109771 093512 093512 1
03 0535675 1107522 094311 094311 1 03 080641 109771 086183 086183 1
05 0478765 1107522 087175 087175 1 05 061679 109771 080641 080641 1
1 0434171 1107522 071745 071745 1 1 055920 109771 062753 062753 1
2 0416302 1107522 048168 048168 1 2 053655 109771 037536 037536 1
3 0414950 1107522 031895 031895 1 3 050304 109771 024271 024271 1
5 0402502 1107522 _0.14802 _0.1802 ' 5052220 109771 008064 008064 '
Robe Miyazaki
Depthlm] a 8 v v %5 Depthlm] a v v vy
o 109110 " 109110 109110 ' o 104931 " 104931 104931 1
01 087190 109110 100000 1.00000 1 01 048130 104931 100000 1.00000 1
02 060160 109110 096741 096741 1 02 053429 104931 094206 094296 1
03 052463 109110 093221 093221 1 03 048000 104931 090858 090858 1
05 047738 109110 085042 085042 1 05 046966 104931 082969 082969 1
1 046509 109110 063530 068530 1 1 047801 104931 065059 065059 1
2 042795 109110 046361 046361 1 2 049326 104931 039126 039126 1
3 040919 109110 031970 031970 1 3 051059 104931 022681 022681 1
5 038355 109110 016032 _0.16032 ' 5051157 104931 008120 008120 '
Fuluoka Kashibara
Depthlm] a 8 ¥ v vy Depth[m] a [ v N Iy
108830 108830 108830 1 o 107619 107619 107619 1
01 084615 108830 100000 1.00000 1 01 073427 107619 100000 1.00000 1
02 062802 108830 095984 095084 1 02 061237 107619 095214 095214 1
03 057467 108830 091596 091596 1 03 061092 107619 089597 089597 1
05 048553 108830 085372 085372 1 05 050945 107619 083419 083419 1
1 042921 108830 070851 070851 1 1 051926 107619 064020 064029 1
2 047643 108830 041968 0.41968 1 2 052895 107619 037363 037363 1
3 045821 108830 027527 027527 1 3 048845 107619 024860 024860 1
5043538 108830 012340 012340 ' 5046358 107619 010598 _0.10598 '
Tokushima Shimonoseki
Depthlm] a 8 ¥ v vy epthlm] a 8 v v vy
o 106631 106631 106631 1 o 107650 107650 107650 1
01 064200 106631 100000 1.00000 1 01 073719 107650 100000 1.00000 1
02 048091 106631 096852 096852 1 02 064209 107650 094677 094677 1
03 046301 106631 092802 092802 1 03 055782 107650 091062 091062 1
05 042009 106631 086429 086429 1 05 049895 107650 083882 083882 1
1 040160 106631 071362 071362 1 1 048764 107650 066105 066105 1
2 040137 106631 047781 047781 1 2 048781 107650 040579 0.40579 1
3 038452 106631 033643 033643 1 3 044390 107650 028423 028423 1
5 037653 106631 016228 0.16228 ' 5 044157 107650 011835 011835 '

Annual Range of soil temperature
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Evaluation of reproducibility for thermal stratification in Lake Biwa

using a hydrodynamic model
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Since the 1960’s, the decrease in dissolved oxygen has been observed at the bottom of the northern part of Lake Biwa.

The water temperature varies depending on the depth, which results in stratification. The thermocline disrupts the supply of

oxygen from the water surface under the thermocline, where oxygen is only consumed through the decomposition of organic

matter by bacteria. The strength of stratification plays an important role in the varying amounts of dissolved oxygen in Lake

Biwa. In our present study, we developed a hydrodynamic model, and reproduced the seasonal and inter-annual change of

vertical water distribution.
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Fig.2 Inter-annual change of vertical water distribution at the
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axis: Distance from surface(m) Colour contour : Water temperature(°C))
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Analysis of the environmental fate of nitrogen in Yodo River Basin using water quality model

OFEAK & (RICK) i ROE (RBCR)
E<F o (KRBRKS) THE B (KBRS
“Tomoki SHIMIZU "Kyouhei TAKAMKI  “Hikari SHIMADERA *Akira KONDO
“l0saka University

In Osaka Bay, changes in nutrient cycles in the river basins have led to changes of ecosystem in the
coastal water, which may seriously affect the fishing industry. This study analyzed hydrological transport
of the total nitrogen in Yodo River Basin, which has the largest nitrogen load into the Osaka Bay among
the surrounding basins. In addition, source apportionment was conducted for the main sources of nitrogen,
including sediment discharge, sewage and fertilizer. The result showed that the contribution rates of
sediment discharge, sewage and fertilizer to nitrogen load into Osaka Bay were 74.3%, 24.1% and 1.5%,

respectively.
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Fig.1 Computational domain
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Table 1 Data of plane source data for each land use

and fertilization amount

Sediment discharge[g/m2/m] Fertilizer
Forest Paddy Cropland [g/m2/m]
0.044 0.412 2.38 0.145

Fig.3Fraction of cropland area

Table 2 Sewage data

Sewage point Flow rate TN concentration
[m¥s] [mg/L]

Toba Water Environment Preservation Center 9.32 9.1
Rakusai Purification Center 4.42 7.5
Ohno sewage treatment plant 2.78 9.1
Konoike water future center 3.83 5.8
Kawamata water future center 413 13
Central treatment plant 3.51 7.8
Harada water future center 6.32 12

Hunan Central Purification Center

5.64 4.8
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Basic Study on Unsteady Olfactory Response
(Part 16) Odor Intensity Evaluation by Language Rating Scale, Line Length Scale
and Magnitude Estimation(ME) Method
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Shin TAKEUCHI*' Toshio YAMANAKA*' Akihisa TAKEMURA** Hisashi KOUTANI*'
Yoshihisa MOMOT*' Kazunobu SAGARA*1 Ryouta TAKAHASHI*'
*! Osaka University *° Setsunan University

The decreasing sense of odor due to the continuous exposure of the odor is called olfactory adaptation. The quantification

of change in the sense of the smell in the olfactory adaptation process have been studied. However, there are considerable

differences of evaluation value of the odor intensity between subjects. Thus, it is necessary to find new odor intensity

evaluation methods which reduce individual differences. In this study, the panel were exposed to ethyl acetate and evaluated

the odor intensity by means of the language rating scale, the line length scale and the magnitude estimation method. The

characteristics of the odor evaluation methods in the olfactory adaptation process were compared. Consequently, it is found that

there were individual differences among these evaluation value in different evaluation methods.
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Fig.9 Intensity change of ethyl acetate exposure
in line length scale

Fig.8 Relation between odor intensity
and ethyl acetate conc. in line length scale
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It is necessary to investigate into olfactory response in order to realize suitable environment. However, it is essential that
evaluation method of odor intensity because there are no method to evaluated adequately variation in olfactory response
affected by adaptation. In this study, the subjects were exposed to ethyl acetate and they evaluate odor intensity with cross
modality matching. They matched odor intensity to sound pitch and volume. It is important to study on subject's difference of

sense of sound volume and pitch and the possibility to evaluate odor intensity by cross modarity matching with sense of sound.
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Fig. 1 Evaluation device (CMM of Sound pitch)
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Fig. 3 Evaluation device (CMM of Sound Volume)
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Fig. 4 Intensity variation and relation between odor intensity and ethyl acetate concentration(CMM of Sound pitch)
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Fig. 5 Intensity variation and relation between odor intensity and ethyl acetate concentration(CMM of Sound volume)
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It is specified in Japanese legislation that CO, concentration in non-residential buildings shall not be more than 1000 ppm. CO,

concentration standard is an index to determine ventilation requirements for visitors not to feel uncomfortable to the body odor

when they enter a room. It is the purpose of our study to clarify olfactory threshold of body odor. Accordingly, this paper shows

results of measurements of olfactory threshold of body odor using “the triangle odor bag method”. The odor index is very small

value. The present results provide a further reason to design for low-polluting buildings. The thresholds were different with each

person and each day.
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Table 1 Example of judgement result

Dilution rate 10 | 30 | 100 | 300 |1000| , Individual
odor concentration
Odor intensity| 1
Panel A )
Judgement x
Odor intensity| 1 1
Panel B 17
Judgement | O x
Odor intensity| 4 3 2
Panel C 55
Judgement | O | O x
Odor intensity| 1 2 1 1
Panel J 174
Judgement | O | O | O x
Odor intensity| 2 2 1 4 1
Panel K (550)
Judgement | O | O | O | O x
Odor intensity| 2 2 1 1
Panel L 174
Judgement | O O O x

Table 2 Equivalent CO, concentration to odor threshold
Controlled

Odor concentration | 73 ACco2 [ppm] 4539
19 Jan. 2016
an Odor index 19 | Olfactory threshold [ppm]| 62
26 Jan. 2016 Odor conc.entratlon 55 ACco> [ppm] 4636
Odor index 17 | Olfactory threshold [ppm]| 84
10 Feb. 2016 Odor conc.entratmn 73 ACco> [ppm] 4509
Odor index 19 | Olfactory threshold [ppm]| 62
Uncontrolled
Odor concentration | 73 ACco2 [ppm] 4911
18 Jan. 2016
an Odor index | 19 | Olfactory threshold [ppm]| 67
20 Jan. 2016 Odor conc.entratmn 98 ACco> [ppm] 4579
Odor index 20 [Olfactory threshold [ppm]| 47
5 Feb. 2016 Odor conc.entratmn 174 ACco> [ppm] 4589
Odor index 22 | Olfactory threshold [ppm]| 26
c _AC,, Co © VKBRNE [ppm]
th Y RRIRE (AR
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Table 3 Qualitative analysis result

Qualitative analysis result

Controlled Uncontrolled
Acetone Toluene
2-Methyl-1,3-butadiene Xylene
Toluene 1,3-Butanediol
2-(1,1-Dimethylethoxy)ethanol | 3-Methoxy-3-methylbutanol
Xylene 6-Methyl-5-hepton-2-one
1,3-Butanediol Octanal
3-Methoxy-3-methylbutanol Undecane
1-Butoxy-2-propanol 3,7-Dimethyl- 1,6-octadien-3-ol
6-Methyl-5-hepten-2-one Nonanal
1-Phenyl- 1-methylethanol Levomenthol
Nonanal Decanal
Decanal Tridecane
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Fig. 6 Abundance of qualitative analysis result
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Proposal for Optimum Sniffing Method Based on Odor Concentration

in Triangle Odor Bag Method

(Partl) Simple Model for Prediction of Sniffing Concentration
O Il Fagy (ERRY) JL B8l (BERY) MR 8K (EEXy) #iH4 AF
Kazuki YAMAKAWA™ Masaaki HORIE™ Akihisa TAKEMURA™ Koki MASUI™

*1 Setsunan University

(FEFRY)

The triangle odor bag method is sensory measurement method of odor concentration by the Offensive Odor Control Act.
This method has some problems in terms of accuracy. It is guessed that decrease of odor concentration is one of them
because of leakage from clearance between mask and face of subject. Therefore, it was compared suction flow rate among
three width of clearance by using CFD. Consequently, it was revealed that odor concentration suctioned from odor bag was

more decreased as the size of breath and width of clearance between mask and face of subject.
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Figure 1 Outline of calculation model
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Figure 4 Characteristic suction flow rate in nasal



5. 8 M0.5mm DA, FRE L IAT B Gas—C %
B EEICRVT § =1, 0mm (2 EE S TE VRIS TR
DIEL 725 TWD ZHUE, 24T 0. 5mm D J5 73 O R
DEFERRNZ LD IRENE T Z L2k, kb
JEWFIHIZ Gas—C XA L TWAH 7D ThHh D & %
bND, WTHIZLTH BRESFEET D ZLITED,
BB E SN TWD Gas—A DRI /2 b &
Exbhb,

Fig. 7 a~ c [Z&EALH DI 2 EKUBORFERE
o ORFHBREOBMEMATHEREZ R L TN D, B,
RN E R TR t/Ts. ¢ DIRA FIIRIKOIE %
RLTWS, i) DS-ADHBE, § =0.0mm D& X t/
Ts 349 0.2 75 Gas—A N &EfLH O THRE S, t/Ts
DK 0.3 T Gas—A DIRFEIRER ¢ AIFFK 0.5 ThH 7=,
UL, WEFETRED ¢ ATAI0.55 TH Y, JRER

ii ) t=0.35s

iii) t=0.5s

a) 6=0mm

b) §=0.5mm
Figure 5 Volumetric density of Gas-A and C in mask by S-A

FIFEAEEAT D2 L1372 <, Gas—A DR F| &
VsA 1359 14m 0 Cdh o 7=, Z AV ORI VK
FIEIIEAD T2 B DD, Gas—BITKkT 5 A DIRAEIS
M—EILRDTZHOTHY, o, A T L EBOAEI
LEBLTWDELDEEX LD, § 230 5mm D
B, Gas—A ZWH| Lt HEFRIITELS 722508, &H T
S0 B DKUE Gas—C DERFAL~DIRAITIT L A EHEL
Gas—B DR GIEXEINT 5, Z DHE DL TRED
¢ ATTAY 0. 3, Gas—A DFRIL G| & VsA 1K) 2me T -7,
BR 6 2% 1.Omm (272D & Gas—B OB DI E RV |
Gas—A IXIFITF L R OMER AT, TR O HEK
MRELRDH DI Gas—C D B TREL DA
MT 260D, S-ADOWH|&EE WSRO BRN S
Gas B ZWH|THZ L TIZRoTLEI ZLITLD
LOLEZOND, ZOZ EITEREBICBW TS

¢) §=1.0mm

a) § =0mm
Figure 6 Volumetric density of Gas-A and C in mask by S-B (t=0.8s)

b) §=0.5mm

¢) 6=1.0mm



HTEEHOREORMBREZWGE, SSAD XS 72k
Gl —rTiE, 2<IEBWEROREE RG]+ 5 2
ERTERNWZEEERLTND,

i ) O S-BCRRM 6 2%0.0mm DA, t/Ts=0. 1 />
5 Gas—A DWSINIEE D GIHE TERED ¢ A1EHI 0. 65,
Gas—A DL F| £ VsA [TH 5Tm 0T S-A K 0 b Z Wik
Ba2fBz, 72, 6 =0.5mmn DA, Gas—B LIS DO
FIDEE D DI t/Ts=0. 2 LAFET, t/Ts=0.5 b &dH
TAHERD S DRI Gas—C NG| ZEED 5, S-A LA
BRI 8 5 = L1 X o T Gas—B DB A3 2
W BI#E T ¢ AITH 0.35, VsA 1349 26m0 (298 L,
Gas—C DG & VsCIZHI 3m 0 TH -7, IHIT §=1.0
TIX t/Ts=0. 4 7°5 Gas—A & C M[RIFFIZ G &4, ¢ C
23470. 35, ¢ AITHI0. 15 L7220 [ VsATTHI Tmo (238 L,
VsC I3/ 10m QICHEIN S, 2 Z CIEFEmIEEIE4 508,
S-C OE BNV 72 < 6 2% 0mm DA, VsA 1% 3mo
Elb DT, o AITKI0.5 & S-A DA LIF
ENERICTh Tz, F7z, FEEDOIZBWHIEIZB W
T, B TEEOREIIESESETHORSITHET
DI, B THERD Gas—B IFEADFEDIREIZ X -
THAMR L, EREOICBWEONEEND Z &
NTPREND, ZOZEND, BHTEELESET
WHl 21T 2 GE. RO XK RAWGIT5Z ENLEE
LBz L5,

UbozZ enb, BRELGNIZ X 25 HEDLE.
B CEHEERMmICES IR NEY THD LW
R 5. LML, EBRIC =R REEZTT O 54
B TEERICHEICES ST TRSIT25 2 & IXRE
T, B THEBELNCEVAEL 2D 0D TH

ERL, &b T EROROMITIRO & Z A BHAEN
WMALTLES, Fiz, BRWSTIERGI W OB
IZBWTRA TRE, &b T, BILAHOKEZ W
Bl9 5720, IZBVWERYOE TN TV DEEELS]F
HETORFMRNS, ZOREEZTTIRT 5729120,
HARWSIT 20T, &bHTEERBEITEN
PRI 25T, ICBWREM I 2D TS T LI
BOWENE ORI Z B DY S S 72 %I1c% 5+
HZENEUITHDEEZEZXBND,

5. fEi

SR R AR A AR E LW 5| R O N
BILIZEBT DBV & E L RIE O S IREIC &
ETRHEICONTRHEZITV., L TORMm A7,
- PEBRAE T X 0 BRI BN EN H B3, 3 FEEH
DWFNF —NZKRBITE B,
c BB TEBEESETRS LGS, adb THmBOR
KEIZB WS EEDREDOIRGREWRS| L, REH
DRI L THREDORERITZLALFA T TH D,
- b TEHEREOMICKHHEN® 256, B H4
R[BMAT D120, IZB Wy ZEDRIEOW 5| &
XI5, £, FRENZWEGE, BRESKE
WIEE RS THDOREROW S BRI 5,
TRV A B Lo R DR TR VR 5
B0, BRI Z BT CREEIICIc B WM B R
RAEYPEH SE7%IC, Wl BT 2 Z ENEEL

WwWeEzZzo6n5,
SE Xk
1) EIRAFES - HRT RO REE = i RSB e ~
—a T, ITBWLINB Y BB A, 2005

1

0.8 6B on
0.6 ¢ B
_

04
09 bA oA

’ bA

0 / \

i)S-A

1

08
B oB dc
0.6 ¢ B
0.4 P o P
B /"_" e
02 ’
d)A ’
0 Z oA
0 05 1 0 05 1 0 05 1
i) S'B t/Ts t/Ts t/Ts
a) §6=0.0mm b) §=0.5mm ¢) §=1.0mm

Figure 7 Volumetric density in nasal output



REZNZA—2 L LET7ATHEBIONE U TS
(£D 1) ZREBRARREICK HBHERIE &IRE —FMBEIRICEAT 185
Relationship between Concentration and Sensory Characteristics of Essential Qils
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In spite of good aroma, it might be very uncomfortable on being exposed to large concentration. "Harm from aroma" has
been popular in recent years. Therefore, firstly three essential oils; "lavender”, "orange sweet" and "frankincense" were
selected, and measured olfactory thresholds. Secondly, three oils were evaluated intensity, hedonics and acceptability by
sixty subjects in five concentration conditions. "Orange sweet" oil was high hedonics even though large concentration.
"Lavender" and "frankincense" were almost same tendency. Consequently, it was supposed that evaluation of essential oils
were larger effected by subjects' preferences than that of concrete odor.
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Table 1 Logarithmic value of dilution factor of essential oil

LV OR FR
panel 1| 274 | 474 3.74
panel 2| 6.24| 6.24| 4.74
panel 3| 6.24| 5.74| 8.24
panel 4| 6.24| >7.0| 524
panel 5| 6.24| 6.74| 7.74
panel 6| 5.74 | 6.24| 5.74

Trimmed Mean| 6.12 | 6.24| 5.87

*Shaded data means trimmed data.

Table 2 Threshold value of essential oil

LV OR |FR
Odor concentration | 1.3x108|1.7x10%|7.3x10°

Table 3 Concentration of sample

Dilution ratio from original smell
10° 10* 108 102 1

LV [13%10 |[1.3%10%|1.3%x10%|1.3x10*|1.3% 106
OR [1.7X10 [1.7x10%[1.7%x10%|1.7%x10%|1.7x 108
FR |73 73%10 |7.3%10%2|7.3x10° |7.3%10°
1. Intensity 2. Hedonics
- Overpowering T Extremely comfortable
(GREUZIZELY) (BRI )
—+ Strong T+ Ve[x comfortable
(FRLMIHBLY) (IERITHR)
-+ Distinct —+ Comfortable
(RITEHMTERITHEL) ()
-+ Identifiable -+ Slightly comfortable
(FOIBVTHEINMDAZHNHL) (1R )
-+ Threshold -+ Neutral
(PO ERBRATEBIZHELY) (RTETRTHALY)
- No odor -+ Slightly uncomfortable
(ER) (POTR)
3. Acceptability T (Ujr;fr:gnfortable
Acceptable s
(BHANDND) }’;i%g?ﬁﬁgg“fmab'e
Unacceptable 1
(B ALY (E*)H(Etirﬁu;e[?;_lr\;/& gjncomfortable

Figure 2 Rating scale
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Normally, the researches on fragrance in office buildings are concentrated on the work place to study its effects on
individual intellectual work. However, the purpose of this research is to evaluate the odor-inducing effects in meeting
space, based on questionnaire surveys which were carried out on workers in real meeting conditions without prior notice.

Also, a measurement was taken to see the relationship between the odor intensity and its impact on human intellectual

productivity.
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Fig.1 Plan inthe target building

Table. 1 Abstract for the space
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Fig.2 Image of the meeting space
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Table. 4 Result of the odor concentration measurement

WELZEY « TR H— ARk BIX fuk CIX i DX 45k EX i FIX i GX i
B LV~VVE (84E%) 225.0 220.0 191.3 188.0 178.5 192.0 181.7
Tk R
B L~UE (ER) 108. 3 109. 8 108. 0 106. 0 105. 0 103.3 103.0
SRS R KRE (FHE) 2.8 3.0 2.3 0.7 0.7 1.0

A, B KIRIZRITEENCTE DIz, C KigiIfaoiz
BUODDINLIRNIEBY, D~G XKoo LT
BIZBWIFETE 5 Z ERbooTz, D~G Xikic>
WTIL, 7y — MEIEE DN b H b, A~C
RINZHONT, &Y ORI PRSI, B ARER, ik
BARIZHT DG E- 2 DRIV TIRGEE T O,

33 BYDREDFEIZODVTHEER

Fig.14 |2 A~C Xitko> [V I3 2158 OT > ir—
MR 79, C Ktk (D23 335 550 MZEB L)
D, IR ROV E WX D, BRRL-VVED R HIRL
BB WA TE 5 A RKIETIL, B 7eED ThoH
ERET D NOEIGINE L IR DR A LT, F£T-.
B LY BEERENEmVA KR & B XIgil 3 T I
WS D720 BN ) BERE DR S EV, F D DIR
JENFIT L0 BEEIRE) DIK T $5 2 v s, Fig.15 12,
A~C [KIEDOWRNTZFT 0 kT 2 B R 2R L= T
r— MERE T, RBIEHPE L EERIC C Kk TY T v
ATH, V7 byiaddeRELZRERRI N &
WD oTz, A RICIIAR L& U 2 38R ES° B Xk ©
ISHORRZFHZ DEIE S o7, Fig16 1L AB,C X
BT LT, SRR HRIICEET % 6 [ (Fig.10) 12
®UT, AT 4 7 REEE LR, RATT 1 7 72hlE %
0 M& LTEREEITV., TORRE N LIZ7 T
T ThD, FINCIWO C KK TIHMIA R H £ <, B
SR RAMEO B> 72 B KIk ClIgiig O Smiokt32
R R HIRL 72 DA BT,

FLH
AWFZETIE, A7 4 AND A I 2= —3 g UREIN

ITONDFEHANR—RERRIZ, FY ZEA LTSS

OT r— MR, FY OFENANOLERRIZ G2 55

BN TR 7R R OV 24T o e, E DRGSR,

LUFOEIRB G BT,

1) FTEVEHIED 2 Ui R, ML Y Z
I A VT by ad b ENoTZAEREREEL
SHEPOEIZE BV NS Tm,

2) FTYOREICE ST, M FlRITRITERY
Fx THY | WBIHE, SEESIROHIRICI TS A
IFA BN T,

3) FIAHEOED O IDEIE, HIRRR, S
BARDHRICE 2 DB HOWCREMERH Y | F

1.4
- | m
s TN SRR o

SEEN (ITTTTTTITIITTEeEE

s TN ‘ N S RERR:::::

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

OETHHFELFYE OFEHFYE ORBICALBLEL BRUGEYE mETHRUGEYRE

Fig.14 Impression on the fragrance (district)

DR :::::: 2= e

SR I
SN HHHHH S TRRRRTRRR:::: SAe
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

OUSY9RTS BUILyiatd DHICALELAL DFRGSSISHES  eERBICELEEELS 00
Fig.15 Physical effects of the fragrance (district)
(GE
a4 736

4.3

4.22

4.2

4.1

4. 00

3.9

3.8

AR | BRI | CRRig
Fig.16 Impression on the meeting (district)

VRN RKE W ENRTH D Z ENT 7 — MR
Dt Iz,

ST, ARIFER U7 ERER A N—R T, T 4 AD
RS ZERO Ny 7 7 ZEHICOFF V 384 & A ENE & D
BREMEIZ OV T, REtE1T I,

SR

1) ERJIEREHL . KI ELOBRERE (20 1) BEEHEe 7
MU T AOIRSEREE, &R, RGN - e TR
TR 1991 4210 A~11 A

2) REMERERAL : AITRRE LVVZEfE] SNz s ns B - B
PG 2 DRI BET DR (D 1 IR EERRS X
OULEREO NI G2 2378 BARBSREA R A
2010 49 A



A-95
H - BRRAD/ ZVEFEICE HRIRENRICET AR
(ZD12) =k / XNVIZLK B TRESEFZFRICEITEHKI R FOHESH
Deodorizing Effect of Deodorant Mist Sprayed with a Misting Nozzle
(Part 12) Distribution of Mist Particle in case of One-fluid Nozzle Spraying Downwards
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Toshihiro NISHIDA*' Toshio YAMANAKA*' Hisashi KOTANI*'
Yoshihisa MOMOI*' Kazunobu SAGARA*' Katsuharu SUZUKI*'

*!' Osaka University

This study focuses on prediction of the deodorizing effect for mist sprayed with a nozzle in hospital or elderly nursing homes,
where odor is a big issue to keep the indoor air quality good. In the previous study, the analytical model to simulate the behavior of
stream sprayed from one-fluid nozzle has already been derived. However, the model is simulated for spraying only one diameter
of mist particle. Then, in this paper, it is reported that the distribution of the mist particles with the one-fluid nozzle spraying

downwards is measured by the phase doppler anemometer.
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Table 1 One-fluid nozzle specification

Manufacture H.Ikeuchi&Co,Ltd

Model number 1/4M KB 80063N S303-RW

Spray pattern Hollow cone

Nozzle hole diameter[mm] 0.22

Fluid pressure[MPa] 0.70

Spray angle[°] 30 /
Initial mass flow Spray
rate of mist[L/hr] 2.00 angle[°]
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Deodorizing Effect of Deodorant Mist Sprayed with a Misting Nozzle
(Part 13) Deodrant Effect of Spraying Hydrogen Peroxide Solution Mist
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This study focuses on predicting the deodrant effect in spraying mist from a nozzle. Spraying mist improves to eliminate odor

materials effectively and eco-friendly, however the way to design quantitive assesment has not been established yet. In this paper,

the result that by using one-fluid sparay nozzle and hydrogen peroxide solution as a deodrant material, the attenuation of odor

materials is measured is reported. Finally the odor material's concentration is predicted in saome cases of variable situation.This

paper will show spraying mist can reduce the flow rate and create ecological space.
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Table 1 One-fluid nozzle specification

Manufacture H.Ikeuchi&Co,Ltd
Model number 1/4M KB 80063N S303-RW
Spray pattern Hollow Cone
Nozzle hole diameter[mm] 0.22

Fluid pressure[MPa] 0.70

Spray angle[°] 80
Initial mist mass flow rate[L/hr] 2.00

Spray
angle[°]
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Fig. 1 Hand spray / one fluid nozzle
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Fig. 3 Odor attenuation of methyl mercaptan without spraying
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CH3SH Concentration [ppb’
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Fig. 5 Methyl Mercaptane concentration
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Table 2 Experiment case

case No. | Way to Seal Up Kinds of Mist
casel No Mist
case2 Paper Clay Water
case3 Hydrogen Peroxide
case4 No Mist
case5 Rubber Cap Water
case6 Hydrogen Peroxide
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Fig. 6 Averaged concentration of CH;SH, H,S,(CH,),S for odor materials



Table 4 Predicting model of deodrant

3250 350
= No Mist = No Mist
:
=D 200 Watet Watet
o g
'*g g — Hydrogen Peroxide 250 \— Hydrogen Peroxide
=
g g0 200
85
5= 100 150
U-—4
o 100
oL 5001
5= 500,
3
< 0 T
0 2 4 6 8 10

Time[min] Time min]

Fig. 7 Comparison of CH,SH amog kinds of mist
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Fig. 8 Modeling scheme of deodrant in a room and spray flow

Table 3 Analylical condition

Analysis Initial Conditon Value
Nozzle Hole Diameter [mm]| 0.22
Room Temperature [°C] 20

Room Humidity [%] 50
Mist Temperature [°C] 50
Spray Direction Downward

52 fEHEER
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mMass Transfer Coefficient

, _ShD._2D, _2a

. -2
d32 d32 d32

mReacting Material of Odor Material

M, =SxkxC (1)

mMass Balance Equation ob Odor Material in Mist

d(CQn) :C dQu _ Smm[kcc
dz Ed v, (I-5,)

3)

mMass Balance Equation of a Room Space

dcC, 4,
v, aT = _z; Mdend(z) +0(C, C)+M,,, 4

mHeat Balance Equation

do.
c,,ﬂrVy — :cp/]rQa(z:u,,) (‘gu(z#l,,) =4,) +cp/0rQ((9() =0,) (5
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mVapor Balance Equation
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dr
mNomenclature .
Mgeq : Reacting Weight of Odor Material [kg/s] T : Time [s]
N : Surface Area of Mist [m2] IH,, : Nozzle Height [m]
k. : Mass Transfer Coefficient mis) o : Amount of Ventilation [m¥/s]
C, C, : Odor Concentration around Mist [kg/m 3]| C, : Outdoor Concentration of Odor  [kg/m®]
D, : Diffusion Factor of Odor [mZ/s] IM”'J’” : Odor Generation [kg/s]
d;;  : Sauter’s Mean Diameter m] e, © Air Specific heat [3/(kgK)]
Sh : Sherwood Number -] P : Air Density [kg/m?]
a, : Thermal Diffusion Coefficient [m¥s] 10, : Temperature [°c]
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Cp : Odor Concentration in Analytical Space [kg/s] | 04—y : Flow Temperature from Bottom Mist  [°C]
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Fig. 10 Plastic bag and its measurement stability



Fig. 11 Climatoron chamber
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Fig. 12 Flow plan / cross section plan of climate chamber
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