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Development of Occupants' Appliance Use Model and Estimation of Residential Energy Demand
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This paper conducted an analysis on the relationship between household characteristics and occupants’ appliance use.

The result revealed that how appliance use varies depending on the family composition. This paper also developed an

energy demand model that considers the influence of household demographics on occupants’ time and appliance uses.

The model result showed that the consideration improves the accuracy of the energy demand estimation.
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Table.1 Summary of the power consumption data

Target an apartment house in Minamisenrioka, Osaka

Completion | 2011

Period Weekdays in May, 2013

N 326 households

Layout 3LDK, 4LDK

Item whole household, rooms, and appliances
power consumption

Time step 5 minutes

Measured washroom and bathroom, laundry, kitchen,

rooms and microwave, IH cooker, convection oven,

appliances dishwasher, living light, living outlet
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Study on Determinants of Air-Conditioning On/Off Control at Residences in Cold District
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The aim of this study is to clarify determinants of air-conditioning ON/OFF control at residences in cold district based on

the previous measurement results for Muroran city and Osaka city. As the results, ON operations were caused when indoor

temperature was about 4 degree higher than outdoor temperature in the morning and the evening. The temperature at ON

operating can be determined from the temperature at OFF operating and district. And, the indoor temperature and humidity

as threshold value selecting the operation mode was not found clearly, while the tendency for each district was shown.
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Table.l Mean of ON/OFF operating temperatures
and the temperature difference between ON and OFF

ON/OFF Appearance Operation
operating frequency P
- mode
. temperatures  of the difference
o 7 o Lessthan — penumidify
on off Ooc _loc
[C] €l [%] [%] [%]
Muroran
city 26.6 254 52 21 31
Osaka
city 294 26.3 6 0 —
Bon: Mean ON operating temp. ,6,77: Mean OFF operating temp.
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Age effects on air-conditioner energy use in summer

OmiiE ik CRBRTiNERS)
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TatsukiENDO*1 NorikobUMEMIYA*1 XiaoyongLIN*2 ReiaWATABE*1 RinSON*1 YosihikoKISIMOTO*1
*1 Osaka City University ~ *2 Daiwa House Industry CO,LTD

Age affects lifestyle in terms of social, physiological, and residence conditions. Generally, elderly people do not use air

conditioning in summer, but no strict rule exists for how much they do not use it and under what circumstances. Relations

among age group, amount of cooling, number of family members, air conditioners, and bedrooms reflect the following

points. 1) Differences exist in the amount of cooling, number of family members, and the number of air conditioners by

age group. The number of family members, air conditioners, and bedrooms are interrelated. 2) The cooling amount and

cooling trends differ according to the number of family members, their ages, air conditioners, and bedrooms.
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Effects of Thermal Control Use on Thermal Sensation and Sleep Quality of Elderly People

during Summer
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Kae TERAO*1 Noriko UMEMIYA*1 Ukoh CHIN*1 Yoshihiko KISHIMOTO*1

*1 Osaka City University

Higher average temperatures cause heatstroke, even at night. Therefore, we reconsider the use of air-conditioners at sleep

time. Furthermore, recently, elderly people are affected more by heatstroke than young people. Half of cases occur within

the home. As described herein, to examine facts and effects of thermal control use on thermal sensation and to assess the

sleep quality of elderly people during summer, we compare data for elderly people to those of younger people. Results

revealed the following important points. Elderly people sleep in higher temperature rooms than younger people do. Elderly

people prefer open windows to the use of air-conditioners. Sleep quality is improved when sleeping with windows open.
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Air-conditioning and natural ventilation relations to thermal environment, thermal sensation,

and sleep quality in summer
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Yuhang CHEN*1 Noriko UMEMIYA*1 Kae TERAO *1 Yoshihiko KISHIMOTO*1

*1 Osaka City University

This survey compared thermal environments, thermal sensations, and sleep quality when using two thermal control

patterns in summer bedrooms based on 104 respondents for a total of 565 nights for three years in collective housing in

Osaka. 1) The relation between the ‘TE’, ‘TS’ and sleep quality in the bedroom during sleep is stronger in the case of “full

time window opening” than that of “full time air conditioner”. 2) Sleep maintenance factors are strongly related to thermal

sensation. 3) Sleep quality is unrelated with the indoor thermal environment in the case of “full time” air conditioner use.
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Fig.3 Thermal env., Thermal sens. and sleep quality (NV)
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People Classified According to Air Conditioner, Electric Fan, and Natural Ventilation Use

Frequency — Correspondence to Classification based on Sex, Age, Occupation, and Constitution

Off B (KRPRNZRS)
AR I (KRR RSR)
Lin SUN*  Noriko UMEMIYA*

HEE BEAY (CRBRTNERS)
Tatsuki ENDOU*

e - CRBRTSLRSR)

A FEZ (RBRILRS)
Reia WATABE*  Yoshihiko KISIMOTO*

* Osaka City University

Five questionnaire surveys were administered to Osaka residents during 2004-2014. 1) Respondents were classified

according to their frequency of AC use, fan use, window opening, and cooling set temperature. 2) Cooling bills and

characteristics of age, sex, occupation, and constitution of the respective classifications were clarified. 3) Correspondence

to individual classification based on age, sex, occupation, and constitution in an earlier study were extracted. 3-a) People

who are tolerant of heat and who have poor circulation do not use AC much. They often keep the window open during sleep,

with the cooling temperature set as high. 3-b) Men who are intolerant of heat but tolerant of cold often use AC with the

cooling set temperature set as low.
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B ClE. S3 OIS 52.0 k& bEl Y, S5 13FY
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Table.1 Frequency of Thermal Control Use

S1 S2 S3 S4-1 S4-2 S4-3 S5 S6 S7 S8
Classification
0=174) (©=242) @©@96) @=189) @=132) (@©=103) (@=39) @=198) (0=96) (n=45)
(((((((
fi £ hardly | =] ] ]
equencyo sometimes (I — ] =] = == =
often ] = [— ) o j— ]
ac use always ] m m = =] B =] =]
0 50 1000 50 1000 50 1000 50 100 0 50 100 0 50 100 O 50 1000 50 100 0 50 100 0 50 100
never b [ =] j—
hardly n B =] = =]
frequency Of sometimes [ ] = | = s | = —
. often | — —] j— j— — =1 =
electric fan use always | I - = = - b =
0 50 100 0 50 1000 50 1000 50 100 0 50 1000 50 100 0 50 100 0 50 100 O 50 100 0 50 100
frequency of variable =
not apen at all = —]
window opening | frequently close o " = m =} = =
. . frequently open [N e —— — — |  — =
(during daytime) 0 50 1000 50 1000 50 100 0 50 100 0 50 100 0 50 100 0 50 100 0 50 100 0 50 100 0 50 100
L e R ] = =
o Y not open at all
window opening | frequently close =] —
. frequently open [ |—
ng sl
(during sleep) 0 50 1000 50 1000 50 100 0 50 100 0 50 100 0 50 100 0 50 100 0 50 100 0 50 100 0 50 100
- = 3
28 |p— — = — p— =
cooling set = = — || = — =
2 —
0
temperatures ; b
0 50 1000 50 100 0 50 1000 50 100 O 50 100 O 50 100 O 50 100 O 50 100 O 50 100 O 50 100

Table.2 Modification Method of Cooling Bill

average period power modification
survey | year APF

manufacturing year | consumption(kWh/yr.) factor
A 200 1998 1159 4.84 1.35
B 200 2000 1017 5.51 1.19
C 201 2005 919 6.11 1.07
D 201 2006 882 6.36 1.03
E 201 2008 858 6.54 1

Original cooling bill
1 3 641 42 8543 2 7
2000 3000 4000 5000 6000
Cooling bill after correction
1 3 6414258 43 712
00— OD— )
2000 3000 4000 5000 6000

Fig.1 Average Value of Cooling Bill(*¢)
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&I EXTH L, B A 5| &R0 < m a0
75 1% 10 fi~60 £, AHET, BSicgg BEIHH< ﬂ
HAEBIZIZ < WAMETRWEMERZ W,
4.2 7 QEROBERIRERMITADES
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LT ENRZVER) ] OEIGET 5, BRI Zs 8
E< 22, 76 HMEV, EW&@W&I SEWARN R/
vy, ZBIE, ZUIZHEAF TBR) 25, Z6 13stEd [BH) 7235,
73 & ZAXHYEERE S TR #%’w\o FREIRFEIL
72.7261327CIzoWT28CH %L EEI27.3C. 272 c
TZ51%26.7C LRV, ML ZT MRV,

5. Ak -BEEESIUBRERDERAEEICH LD

BRI - G - BES S OAREICE D ORI
5.1 RERETADEL—EY SR

TRET TADRHEMN—Bd 5 S & Z0FERIOXRNE LT,
WHEEHEVEOTRERENEN S1 & 22, hEED
F Y O TRERED R EEHEZ S1 & 76,
iR %E X HEWEREIREAME S5, ST & 75, BERT
REMES BhbmbER LB A2 S S8 & 73, 74,
272\ S8 & 74, TR EMMB D,

5.2 EAEMEIUHREDOEHEI,N—ET H5ER
BT B MR H D S & 76, BEEI T E
WEBZIZL BN S5 & Z1, BN B &

K 512 Z1~2Z7 OFREATR D540 & ENEE 27T,
X 3 12mfs & RO RER, BB, Hm 5
RRETREE 2 g, AT 5 BB oD TBERNIC L <fE D

7"2 b
TR ) OBEFE EBIAIERT 4 B TBRT TR 129 <MAMETZR ST & Z5, 10 fR~60 fROFTRD HIE
Table.3 Frequency of Personal Attributes and Constitution
classification S2 S3 S4-1 S4-2 S4-3 S5 S6 S7 S8 total
70's~ =] = = =] =] = = =
JU 60’s = | — =1 = = = —] =
Age ~40's —] = ] = = = == =
0 1000 50 1000 50 1000 50 1000 50 1000 50 100 O 50 100 0 50 100 0 50 100 0 50 100 0 50 100
Female
Sex Male
0 50 1000 50 1000 50 1000 50 1000 50 1000 50 100 p 50 1000 50 100 O 50 100 O 50 100 O 50 100
[Unemployed [ = = =] =] =] =1 =
. Housewife @ = = = = = = =
Occupatlon Employed =23 —] e | — e —— | — —
0 50 1000 50 1000 50 100 0 50 1000 50 100 0 50 100 0 50 1000 50 100 0 50 100 9 50 100 0 50 100
weak [@ = = = =] = = = = = =
Heat normal | o | s | [— [ — — — — | —
-resistant strong =3 =] = = m = = = =] =] =
0 50 100 0 50 1000 50 100 O 50 100 O 50 1000 50 100 0O 50 100 0 50 100 o 50 100 0O 50 100 O 50 100
weak
normal
Cold
-resistant strong
0 50 1000 50 1000 100 0 50 1000 50 1000 50 100 O 50 1000 50 100 0 50 100 O 50 100 O 50 100
nearly === =
normal |[E=m =
Catch a cold often b
0 50 1000 50 100 O 100 0 50 100 0 50 1000 50 100 0 50 100 0 50 1000 50 100 0 50 100 0 50 100
Not applied = = —
Bad nermal = = =]
circulation applied = = —]
0 50 1000 50 1000 50 100 O 50 100 O 50 1000 50 1000 50 100 0 50 100 0 50 100 0 50 100 0 50 100
Average value of age Rate of female Rate of employed
8 42 52 43 41 6 1 7 3 8 7 41433 21 56 4-2 5 31743 24142 6 8
—OO—00—0 < O—0— S O . 0

47 48 49 50 51 52 45 50 55 60 65 70 45 50 55 60 65 70 75 80 85 90

Rate of weak heat-resistant Rate of weak cold-resistant

7 54-134-32 42 68 1

Rate of nearly catch a cold
4-12 428436 71 3 5 8

Rate of bad circulation
7 41523 642143

O O—OO—
6520 25 30 35 40 45

34256438 2 7

Fig.2 Personal Attributes and Constitution
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Bl MEEE, REICS &S <EM L Oc A ET L, a)y& S
W< W 2, WREZEDT, BREHER T 250, b
SIZHI BT, BT BREE LHEVERE
TREEAMEN BN\ R RS — 895 Z L &R
L7z,

SCOHR DAEKS ;2 - Tas. A-66, 2015 2) MU 1 | - ST
545 55, 2005  3) BPATEARC S « 22 - e, A-1, 2007 4) SURIEMS -
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Table.4 Frequency of Personal Attributes and Constitution (Zhang et al.,2015)

lassification Z1 72 73 74 z5 z6 z1
(n=186) (n=116) (n=182) (n=191) (n=182) (n=300) (n=131)
T0's~ (=T =3 300 =3 361 o 218 150 117 I 16
Age 50~60’s =506 |3 395 = 4 =489 3 376 =3 382 =225
10~40's =220 /| 0.7 o= 239 = 293 =3 jmciim | CEm
Sex Female 2 90 ) =3 6.0 @ 155 =787
Male = o o105 g 130 = | o2 120 @ 213
~ |Unemployed =0 3,5 == 315 = B3 240 0 11 |14
Occupation |Housewife 140 = 25 @ 91 118 o 92 = 167
Employed —Er=— = 206 =3 208 &
Weak 108 = 42 CEEm = 4.5 =3 M4 047 131
Heat | @ a1 o =D = 20 = L 1 60 82— 512
-resistant strong —— 454 1039 106 p 27 056 =3 281 = 457
Cold weak o 104 == 465 g gp | D64 = 182 e Y
A normal =553 = 515 =3 464 0 464 | s— T =51 066
-resistant strong =3 337 120 = 476 1 06 == 368 = 167 108
Nearly o 126 B == = 207 .o 108
Catch a cold [normal o 128 o 138 == o = 253 T/
often 0 = 290 0 0 084 0 0 264
Bad Not applied — . — o 53 =575 o773 49 @87 0= 162
. a . normal = 209 = 298 /354 = 424 = %.7 =3 317 =3 254
circulation applied 1 2.2 =649 p 72 == 503 U /e 596 = 585
Table.5 Frequency of Thermal Control Use (Zhang et al.,2015) use rate of AC
Classification 7l 7 73 74 75 76 Vi total 26 1 743
—< OO O—
hardly | =] -] =] ] h 55 60 65 70 75
frequency of sometimes [mm = = = = = = =
often f=m = = ] ] = | — use rate ofelectric fa_n
acuse always | =] = =] = = =] =]
0 50 1000 50 1000 50 1000 50 1000 50 1000 50 1000 50 100 O 50 100 4 521 36 7
never R R R R h f O OO C
hardly B P b 55 60 65 70
frequency of sometimes =3 B = = = = = =
often = = = = = = = = . A . .
electric fan use always = = =] = = = = = window opening rate (during daytime)
0 50 1000 50 1000 50 1000 50 1000 50 1000 50 1000 50 100 0 50 100 3 4 5 7 9 6 1
frequency of variable r ' i =< OO OO
not open at all [@ ] = = = m] = =
window opening frequently close [@ m] = ] ] =] ] ] 50 55 60 65
frequently open [l —] = — —] —] = | window opening rate (during sleep)
(during daytime) 0 50 100 0 50 1000 50 100 0 50 1000 50 1000 50 100 0 50 100 0 50 100
43 2 571 6
fr uenc Of variable [@ =] = = =] ] = =
Rl y not open atall [ = = = = = = = <D OO O
window opening ~ [frequently close [ = =] =] ] =) =] a] 25 30 35 40
frequently open [ = = = = = = =
(during slecp) 0 50 100 0 50 1000 50 100 0 50 1000 50 1000 50 100 0 50 100 0 50 100 Average value of cooling set temperatures
20~ ] ] B 5 743 1 6 2
g = = = - = = = [
cooling set o~ = | E = |F | F | F = —0¢ o O—O—
EEE = p =] =1 p p
femperatures E ] 26.6 26.8 27.0 27.2
0 50 1000 50 1000 50 100 0 50 1000 50 100 0 50 100 0 50 100 0 50 100 Flg-3 Thermal Control Use
cooling bill(*¢) 3757 3397 3859 3851 3480 3457 2724 3533 (Zhang et.,2015)
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Heatstroke Risk Relation to Air Conditioner and Natural Ventilation Choice

e B CRBRATZRSE)
Noriko UMEMIYA*1

Ogip  BEAT CRBXiNZRSE)
Reia WATABE*1

*1  Osaka City University

Proper selection of air conditioner (AC) and open window (WO) use must be shown to people to preserve thermal comfort
and to prevent heatstroke. This study investigated heatstroke risks when choosing AC or WO to adjust the thermal
environment, using AC and WO in a housing complex during summer-autumn in Osaka, Japan. Results show the following.
1) Outdoor WBGT differs from the Cooling season to the Late Cooling season when indoor WBGT is same when choosing

AC. 2) Heatstroke risk is higher when using air conditioners than when using window opening in the Late Cooling season.

3) Indoor WBGT is determined irrespective of outdoor WBGT in the Cooling season.
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Evaluation of Thermal Stress Reduction Effect
by Shady Spot Arrangement under Hot Environment
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HH O OEIE (KRR AT #EE— (KRR
Takuma NAKA*1 Narihisa CHIGUSA*1 Rinzo KAMON#*1 Atsumasa YOSHIDA*1 Shinichi KINOSHITA*1

*1  Osaka Prefecture University

The effects of shade on the thermal stress on the human are evaluated by subject experiments and numerical calculation

with human model. In order to receive the shade effect, it was found that not only the solar shading but also the reduction of

infrared radiation was important. From the results of the subject experiments, physiological responses corresponding to heat

stress are confirmed, but there are also cases in which the thermal sensation did not match the thermal stress. The effect of

time allocation under the same load was evaluated from human thermal model. The result was that the longer the interval

between the application of heat stress, the greater the heat release from the human body.
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-FEZERIICE TSRS DFEE-
Evaluation of Human Thermal Load in Outdoor Space by Numerical Model
-Effect of Radiation in Courtyard Space-

OWIl A (RBRIFF LK)
HHE EBIE (KBRS KT)
Hiroki SEGAWA*1

Ryusuke YASUDA*1

ZM FEA CRBRIFAZRS)

Atsumasa YOSHIDA*1

*1 Osaka Prefecture University

The thermal load on a human body in a courtyard surrounded by building walls in midsummer conditions was analyzed

by a numerical model. The variation of solar and infrared radiations and physiological responses in the test field estimated

by the model were compared with the results of field observations and subjective experiments. Thermal loads at several

points in the test field were evaluated by the model. The result suggests that the thermal load is determined largely by the

instantaneous thermal environment but physiological history is also important.
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Tablel The physical property value
Concrete | Wood deck
Short wave reflection [-] 0.600 0.156
Long wave emissivity [-] 0.90 0.95
Specific heat [J/kgK] 1000 1394
Thermal conductivity [W/mK] | 2.3 0.098
Density [kg/m®] 2400 597
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Table2 Initial condition and calculation condition

Start time 7:00:00
Time step [s] 10
Total simulation time [hour] 72

Initial temperature of wall [°C] 25
Initial temperature of sky [°C] 25
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Table3 simulation cases

AM. —» PM Coordinate(x,y)
P1 shade — sunny (23m,3m)
P2 sunny — shade (3m, 11 m)
P3 sunny — shade (23m, 11 m)
P4 shade — shade (3m,3m)
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Evaluation of Conventional Invasive Measurements and
Examination of Non-Invasive Measurement Technique on Human Body Core Temperature
O M ORI RS)

R (RIRFRS) THE ki ORBRFFRS)

HH O EBIE (KERIFKRT) AT #E— (KRR
Rinzo KAMON#*1 Takuma NAKA*1 Narihisa CHIGUSA*1 Atsumasa YOSHIDA*1 Shinichi KINOSITA*1

*1 Osaka Prefecture University

In the present study, we evaluated the characteristics of the measurement body part of the conventional invasive core
temperature measurement method. The rectal temperature was the highest, the tympanic temperature showed the largest
change, and the oral temperature was responsive to core temperature. In addition, as non-invasive measurement technique,
the Duel-heat-flux method was verified from the heat conduction calculation, and a heat transfer experiment was performed

using a temperature-controlled object. The material was determined to be polystyrene, and it was found that the smaller the

thickness of the heat insulation, the better the response and the accuracy.
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Table.1 Thermo physical propetties of materials.

Heat . .
conductivity Specific heat Densr;y
Wi - K)) (kg = K)) | (kg/m)

Polystyrene 0.028 1100 25
C-4205 0.047 1200 180
Chloroprene rubber 0.19 2200 1230
Skin 045 3300 1200
Adipose tissue 0.27 3100 950
Muscle 0.50 3465 1050
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Fig.15 Steady-state experiment result
of insulation thickness 5Smm and 9mm.

Table.2 Steady-state experiment results.

6mm,12mm Smm,10mm Smm,9mm
Measured 37.37 3747 37.52
Teorel Cl +0.05 +0.03 +0.07
Estimated 37.34 37.49 37.58
Teore [C] +0.07 +0.05 *0.13
AT, [C] 0.03 -0.02 -0.06
+0.06 +0.04 *0.12
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of insulation thickness 5mm and 9mm.
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of insulation thickness 5mm and 9mm.

Table.4 Air temperature change experiment results.

Table.3 Core temperature change experimental results. Measured Tor.[C] 37.20%+0.03

6mm,12mm Smm,10mm Smm,9mm Estimated Ty [C] 37.19£0.09

Response AT,ore [C] 0.01%0.08

208 248 192 _
time[min] SUENZEL L TV DS, FHIGEMIRE IEOBIREL
Measured 37.77 37.77 37.81 BRSSP0l RIRMB—TEIT U, OV 45
Teorel C] +0.02 +0.02 +0.04 W55 Z LasTaiz. BRPUEtE S (=K) A—ETdHD
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Springfield, I, pp. 5-22
[2] Kei-Ichiro Kitamura, Xin Zhu, Wenxi Chen, Tetsu Nemoto:”
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Medical engineering&physics32(2010):1-6
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The Outline of the Junior High School Aiming at ZEB and

Performance Verification of Energy Saving Measures
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The outline of the public junior high school aiming at the realization of ZEB was shown. Various energy saving

measures were adopted to reduce energy consumption. After the school opened, the indoor environment in the classrooms

was continuously measured, and during the daytime on weekdays, the indoor environment at classrooms almost met the

school environmental and sanitary standard.
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CFD Modeling of Airflow through Personal Air Supply Terminal
(Part 3 ) Thermal Environment around Occupant predicted by P.V.Method for Supply Terminal
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MiE i (KRBTSR
Hiroki NISHIHORI *'  Tomohiro KOBAYASHI *? Noriko UMEMIYA *!

*!'Osaka City University *?0Osaka University

The purpose of this study is to establish a computational fluid dynamics (CFD) modeling method of the airflow from
ceiling-mounted personal air supply terminal and evaluates the indoor environment using it. In this paper, the effect of
airflow from personal air supply terminal on the thermal environment around occupant is considered by CFD analysis

using the P.V. method. We use CRI3 and SET * to evaluate the thermal environment, and clarify the effects of personal air

conditioning system in terms of comfort.
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72 BB =5 25 [~ D 0 P AR RS B oM AT IR e L2 B
LCEHMZRCFDET U U I RME LD,

BE Y TIEPV.EY W= Y F AR KRR
DET YV T ETV, PVIEEZHND Z & CHERT
DEHIIT K D IRATRS B O BEAL 2B E . #EE 0.5 m/
s OREEHE A NHBEARE CTh AR REZ R LT,

RFTH A=Y FVREET e NEEOM
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Fig.1  Target Office by CFD analysis
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Fig.1 |\ CFD fi#tr CHELT 2 HIFE 2 3, T
RIRTH D EILNE 632 m, BITX 259 m, K
285 mDKRZEMTH D, AN TILEE %HL®m
BB A kG L LTV DT, Fig.2 IR
1 ANy BT IEI S LT D, ﬁ%ﬁnﬁﬁ?@j{% é
1264m (X) X28 m (Y) X215m (Z) Thb,
FENITIL 36 DO AR Z 15 L 7o BEURZ 5% 1T TR0 |
N=YFARHE DI EREHEL TS, T
vy MERICIT - RICHO R RO E LTH
M7 XELEEL, THESY 0EF ) vV FiEEA
WTHBR LT, =Y FLZERET e M2
D HIA LTe BRUE KA mICRRE L ER D &R
E LR O ot EsE 5, £ A0 VLB

Desk (Heat Element)
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Fig.2  Analysis Domain
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K ORI BETH 0 B R 2 BLE Uiz, FHE
% Fig.3 2T, AKFI7 10 D5 FIMEIL 50 mm %5 [H#]
FaC. SRIELHANE K25 200 mm (% 25 mm %5 B,
FNEY TFTIES50 mmERIMRE L TR REHERET
HZ 3,230,688 T 5,
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it 5t % Table 1 1074, 74— Y FARBRTED
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ZESRRRAN - ik
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AN
I R

JEGHE LB 2 7R T, 23— T LA O JEGE B E i 1
B SO R EIZ BT D FEMARAT 0O JRGH L E & S O
EaEE L, mEELMSTESLEZL0E2E 2T
Do T HRERKH DITEED Y OEBREZHH L,
B EDHEAEFE LA Figd IO TEOICH AT,

2.3 BT %

WS L O BNEREE &2 BUH AR, B A LY

B 2 10%~ 50% TEL SETHRHZ1T 9. CRIBY O44i & AV TR+ 5. CRI3 | iﬁ%k@“é
BRI AR 60W X 36 ., £ Do L IRInFE WA T SIRER T 2 2mEARIC R T 2R ER
BTV 40W CAEE LAL L ERENOHRAESETE TTHRLAEMETHY . AROGBEIROA AT T
D, BAROEGFHETATTIW TH D, B 26°C, K HIRERFR TFTORGREERT S,
HHREE 17°CAAE L, a4 2,477 m'/h & L7z, d6/(X)
Table 2 |Zfi##r F1%. Table 3 ICEE R L PV.IED CRI3(X)= —d®( X) (1)
X
v Table 1 CFD Analysis Case
Casel Case2 Case3 Case4 Case5
2,850 [%] | [m’m] | 1%] | [mm] | %] [m*m] | %] [m’/m] | [%]] [m®/n]
Personal 10 2481 20 4951 30 743| 40 991] 50 1239
Ambient | 90 2230| 80 1982 70 1734| 60 1486| 50 1239
% Airflow from personal air supply terminal is the sum of 36 units
6,400 Table 2 Analysis Condition
Fig.3 Mesh Layout (X-Y Section) o toes Analysis Domain 6,400(X) 2,850(Y) 21,500(Z) mm
e CFD code ANSYS Flient 17.0
u=-2.40 m/s u=2.40 m/s u=-2.40 m/s u=2.40 m/s Turbulence Model SST k- Model
up 038 s y 7 056 mss , Algorithm SIMPLE
r L Total Number of Cells 3,230,688
¥ * w=-2.40 m/s -
Gradient Green Gauss Cell Based
(1) X-Y Section (2) X-Z Plan : G ;
B Velocity Inlet [ Cell for Prescribed Velocity Discretization Scheme | Pressure Body Force Weighted
. . . Other QUICK
Fig.4 Scematic of P.V. Method for Anemo Diffuser
Table 3 CFD Boundary Condition and P.V. Value
Case 1 Case 2 Case 3 Case 4 Case 5
Personal Ambient | Personal Ambient | Personal Ambient | Personal Ambient | Personal Ambient
u 0.09 0 0.19 0 0.28 0 0.37 0 0.47 0
v 0.19 1.15 0.38 1.02 0.57 0.89 0.76 0.76 0.96 0.48
Inlet w 0 0 0 0 0 0 0 0 0 0
k 1.1E-03 2.0E-02 4.4E-03 1.6E-02 9.9E-03 1.2E-02 1.8E-02 8.8E-03 2.7E-02 3.4E-03
0] 1.1E+01 2.8E+00( 2.2E+01 2.5E+00f 3.2E+01 2.2E+00( 4.3E+01 1.9E+00] 5.4E+01 1.2E+00
Outlet RA : 1.34 m/s EA : 0.57 m/s
Personal | Positive | Negative | Positive | Negative | Positive | Negative | Positive | Negative | Positive | Negative
u 0.22 -0.22 0.44 -0.44 0.68 -0.68 0.90 -0.90 1.13 -1.13
v 0.42 0.42 0.84 0.84 1.26 1.26 1.68 1.68 2.08 2.08
w 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
k 0.04 0.04 0.17 0.17 0.38 0.38 0.67 0.67 1.05 1.05
w 54.4 54.4 108.3 108.3 164.4 164.4 219.4 219.4 274.3 274.3
P.vV. Anemo Upper Bottom Upper Bottom Upper Bottom Upper Bottom Upper Bottom
u 5.76 1.33 5.12 1.19 4.48 1.04 3.84 0.89 -3.20 -0.74
v 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
w 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
k 0.39 0.02 0.35 0.02 0.31 0.02 0.26 0.01 0.22 0.0
w 14.1 33 12.6 2.90 11.0 2.54 9.4 2.18 7.8 1.8
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Fig.5 |2 Z=8,450 |2 31T % JAE /34 % <3, Case |
DAL 10% (1 BY4720 O/3—Y FLEE 6.9 m’
h) DM TIE A=Y F AR O EE T3 <
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Case 3 DA 30% (1 H47-D 20.6 m/h) DA
TE IR EEEE TN EEL T 5, Case 4
DEE 40% (1 B47-9 27.5 m’/h) OS5k CHEHE
JEIIZHY 0.24 m/s, Case 5 DAL 50% (1 54729
34.4m’/h) DL TEEEEIIZH) 0.30 m/s FEEE DK
MEZE L TWD, Z ORISR KT & 2
SHLHDITIE, 1 BY7-0 20 mP/h FREK X 9%
FERHDHESZ D,

Velocity

Personal : Ambient

(1) Case 1 (6.9 m*/h per unit)
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(2) Case 2 (13.8 m*/h per unit)
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(4) Case 4 (27.5 m’/h per unit)

A A
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|

/

(5) Case 5 (34.4 m’/h per unit)

N A 0 Il N R $m
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Fig.5 Contour of Velocity Magnitude

(2) Case 2 (13.8 m’/h per unit)

(3) Case 3 (20.6 m*/h per unit)

(4) Case 4 (27.5 m’/h per unit)

|

(5) Case 5 (34.4 m’/h per unit)

Fig.6 Contour of Temperature
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32 BENH

Fig.6 |Z Z=8,450 I B 1F DR E /AT &2~ ¥, JHH
AR L FRBR O Z R L TRV, Case 1 ~4 D5AF:
TITHHEE BN OREIK TR 57208 Case 5 T
FEEFEOHEEENTT ey MEE & g LT
0.5 CREDIRER TR CTE, PUEEELOIRE
KTZAMETDEREL40%~ 50%FRE, 1 7Y
720 O AR TIE 28 m’/h ~ 35 m’/h T2 O Jil B & 0k &
HIVERHD ESZ D,

3.3 CRI3 %

Fig.7 |2 CRI3 D43 3, A= 10%, 20% T
WERHADS 500 mm 2 E F TORERTICHS LT
WD DB TR TIE S — Y VR BB e
EE A D, AR 30%D5EMTIX U T AL O

(==

(1) Case 1 (6.9 m’/h per unit)

(1) Case 1 (6.9 m’/h per unit)

Yo

= =

(2) Case 2 (13.8 m’/h per unit)

1

(3) Case 3 (20.6 m’/h per unit)

Jﬁ} 1

(4) Case 4 (27.5 m’/h per unit)

J—ﬁﬂl—L

(5) Case 5 (34.4 m’/h per unit)
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Fig.7 Contour of CRI 3
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2= VMR R S R A T O SEESJE B xE LT
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Fig.8 (279 & o (CHEE AT 104 S ORHM S 2 53R .
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A2 fEREER
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HPEZRLTWS ”, fERERE OT IZLL FORTHEH
LT3,

— acer + areMRT
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a. +a,

o, =48+34v v<5m/s

Z 2 CHREMEER o, 130 3) AHWTEI L, K
HWEUREF o, 1346 TEHE L TW5DH, F72 MRT
WIEEE AR E oIl Ao TWD ERE L, HE
R[OEERHDOFELERE & L CRAMICET LT,
Fig.9 |2 & G- O SR R N sEIk T 35 17 B VE IR & S
YR Z AT 1y 35, Case 2 ~4 TIHEH
EEFIZIFELLJEEOHHIML THHed T 1y
M EEICBE L, Case 5 TIX U TRER T A
LT 7ay RBREICBEILTED ., Zhid/ —

ZEEQANRN -+ Al TRl S
TR R Ao (2020.3.9)

IZELCE 1.0 clo, fUHIE 1.0 met. FHRHZE 50% & L
T, JE#E, MRT Z A LCTHEELTWS Y, i
R sE O SET* 1% Case 1 ~ 4 TlX27°C~ 28C &
ORMEMAITTEH B3, Case 5 TIZ26CERETH D
RSP & SN AHBENE R o TWVD, i
5OFERNSRABMENFE L Th-o THEHEL
DEBERBEO L Z R TE AR E R LT,

5. F&0

A TIIN—YFVEEE 7 ey NEEDE
BHENRTA—=F L L CFD itz T2 & 245, A
I 50% 1 B47-0 344 m'/h OJEEAZRE H4Z &
T, BABENE L WREIZBWNTHHBE DO
RBERZ AL T AR E R L,
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Table 4 Each value about thermal sensation around the head

N f= s EL 23 - SHE 2
Y FIVRG O B &IN5 2 & T AL OEH Casel | Case2 | Case3 | Cased | Case5
RENMET L, BlETA2KMOBEENKEL 25T v | mvs) | 017 | 014 | 021 | 027 | 0.32
WA Z EERLTWD, Table 4 [ZHEHERJE I O JEGE ., OT |[dee.c1| 258 | 26 | 26 | 26 | 255
TEMREE, SET*, CRI3 Of % £ & T/rd, SET* SET* | [deg.C] | 274 | 27.9 | 27.3 | 269 | 263
CRI3 [-] 0.15 0.44 3.71 5.26 5.63
J/_> X 1.4
oo oo 1.1 met
elelel® Y : (HEO : 1.2 occupant control of air speed
° ° ° ° @ occupant control not required
° ° E 1.0 || % stillair comfort zones ‘
- In this Figure, t =t ;
° ° S 08 5
o U S
° ° ) &
> &
o o o 0.6 &
° ° g ng"f/
z o o o o z 0.4
T—)X 0.2 PV 70_5\ »
0.0 T T T T
[l Heat Element 18 19 20 21 22 23 32

@ Evaluation Point (104)
Fig.8 Evaluation points around the head

Operative Temperature [deg.C]

Fig.9 Acceptable ranges of operative temperature and average velocity
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Effects of Indoor Environmental Performance and Energy Consumption
in Building using CLT
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H member building using CLT in Kobe Has been introduced. CLT is paid attention because it has structural resistance

and is expected environmental performance such as thermal insulation performance and thermal storage performance etc.

In this research, we evaluate the environmental performance through measurement and analyze simulation.

[ZC&HIZ
WHIZRWTHEBORSEEZY DL L L.,
CLT (cross Laminated Timber) 2 FINEZFHLR TE 2720

MG BIER 20TV D, — 5T, AL
TOWBWERE, EHEWERE, FJRMERE & W o I ERBEMERE

DENPDBHEIFF S DD, FHIR DR BB -
TUWVYVY, Z£ZC, FEFEELD CLT 2 LETH
THREEX G L CHRAE I 2 b—a U ETH
T & TEREMEREAZ I DN T B,

1. BYME

Table 1 |ZHWMEE 47”3, SEIRAETICH 5 H 2AF
(Figl) 1L, 1 PESRCIET 2~ BEETA S L CLT &
FAG DTN T MG E 72> T D, IVEIEAR
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(AL L CRY . Ml L D,
2. BEDREMRE
2-1 FERERIDAIE =

20194F-2 H 1 A2 5 34FE[EkEE COREL H % Table.2
R, o, 2 BE~5 BEE TONmX &R & CLT
BEIRE OJITE S % Fig.3~6 (27,

Table.1 building summary

ik HESHT
B 355.24 nt
SEPRTEIFE 1,567,10 nf
CLT+S i (2 fis~5 i)
Hie =
RC i& (1 B
K MBS RE R LM
YA P Fig.1 building appearance
Table.2 measurement item
TEE TE AT
TRV K2 1L AR 15 2T
CLT BETEIRE Lt || R
= Pt 2o 27 £ CLT BRI A
IERERERE Pz Esyan ]
TR | AR (2~5 B FH 4 DT

Fig.v5 floor4 measuring

RiEx
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Fig.6 floor5 measuring
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Table.4 simulation condition

FIRET L | B KkE TV

fihrEsk | 10.2m(X)x2.6m(Y)x7.2m(2)
A a¥f | 1,579,136(146x52x208)
LM | 450mmx450mm (x8)

WLV NAZ T | 900mmx450mm

TAGE FiE 1m/sx8

iMaRES LS FE 1m/sx1

A-53
Table.3 simulation condition
HZ R
1 [CLTIAM (hiR)210mm, JERBAFZEE150mm, #F 28mm
[Z#REE T 5 R8mm, hRE20mm, KUY TFL > HKEaR20mm,
a2 77 2% —42mm, AH(HE)210mm, 7 F 2K —42mm,
BEAR FEBMEARZ/E200mm, A1RI8mm, $H18mm
PREE 1 77 2% —12.5mm, FHMAREEES5MmM, 7724 —125mm
PEE 2 77 2%—12.5mm, FEAHRREEESMmM, 77 R X —125mm
PIBE 3 77 2% —125mm, FEPAREMEESMM, 77 XX —125mm
FREA 14W/m2
ek S PN 0.15A/m2
W 30W/m2
AR TE~208F
, HHJ 1 26°C,50%, £H 1 22°C,50%
e NAZEAE4L.0m3/m2h

—— R —am LT —— PR —a—CLT

o 83.3

| BB R

| ERMERGE : 8824W/ni
cLT 867.7W/ni

W R
81,7 ' et s 509.0W/ni
0 CLT 4027 W/ni

Fig.11 summer analysis Fig.12 summer analysis
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Field Measurement and Subject Experiment of the Performance

of Air Movement Feeling Control System in Office
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This new air-conditioning system mixed with Variable Air Volume system and Air Movement Feeling Control System has

been introduced in Y new office building which is located in Osaka. This system can keep energy saving performance and

give an air-flow feeling and thermal sensation to office workers. In this research, we evaluate the environment and the

performance of air movement feeling control system in office, and analyze the comfort by the subject experiment.
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air conditioning system using actual operation data
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In this study, we propose the approximate characteristic formula for performance evaluation of the multi-split type air
conditioning system in actual operation, based on actual operation data extracted from the control board in outdoor unit.
Explanatory variables are air dry bulb temperature sucked outdoor unit, evaporation pressure and compressor speed.
Explained variables are total cooling load and energy consumption. As a result, the approximate characteristic formula
showed the good estimation accuracy, so we examined operational characteristic of the same type multi-split type air
conditioning system in various environments using the approximate characteristic formula.
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FEEIT T,
Nu, = 0.332 x Re,*? (gas) (1)
Nu, = 0.332 x Re,*/? x Pri/3 (liquid) ©)

Nu, : Nusselt number (-)

Re, : Reynolds number (-)

Pr : Prandtl number (-)
5= () <o) < ()

ar _ (fo_A)"’l « (&)dz « (ﬁ)
qro toao Peo feo

C3 Cq

Ny | ©
<) <)

ds 7\ ds (1)
<) *(2)

o \C £\ G (5)
5= () < Gn) ()
d . \d2 e\ (6)
P o M o B
cop = ‘;—T @
E : Energy consumption [kW]

E, : Standard energy consumption[kW]

qr : Total cooling load [kW]

qro | : Standard total cooling load [kW]

toa : Air dry bulb temperature sucked outdoor
unit [K]

: Standard air dry bulb temperature sucked

foao outdoor unit [K]
De : Evaporation pressure [MPal
Peo : Standard evaporation pressure [MPal]
fe : Compressor speed [Hz]
feo : Standard compressor speed [Hz]
v, : Indoor unit air volume [kg/s]
V4 | : Standard indoor unit air volume [kg/s]
Voa | : Outdoor unit air volume [kg/s]
Voao | : Standard outdoor unit air volume [kg/s]

COP | : Efficiencyl-]
c1~C3,dy~ds ‘ : Parameter|-]
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Energy efficiency and specifications of newly constructed commercial buildings in Japan
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This study analyzed the energy efficiency and specifications of office buildings newly constructed or renovated in the year

2018 by using the data inputted to the Model Building Method Input Assistant Tool operated under the 2016 Building

Energy Efficiency Standard. For this analysis, we quantified the distribution of the BEI, the energy performance indicator

based on primary energy consumption, and BEIs for end-uses. We also quantified the adoption ratio of energy

conservation measures to be adopted to improve the energy performance.

1. [FL®IZ
1.1 BxELEH
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DOFBAEEDBIE STz, Atk OHERIRRE L3R OHEE %
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Table.1 Data used in this study

Data | Number of| Distinction of| Area Auvailable data
building | construction
or renovation
A 3129 Auvailable Total floor | BEIm of each
area
B 4679 Not Calculation| All  data including
distinguished | object area | building speculation
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Fig1 Distribution of Data A (Left: region, Right: floor area)
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Fig2 Distribution of Data B (Left: region, Right: floor area)
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Fig3 Hierarchy considered in the analysis design

AWFFETITET 1 B A OO E LT, Data A ZFIH
L CTA{A®D BEIm % 4 SORE#L (0.55, 0.70, 0.85 A FfE
ET%) \TAE L, HE), BRI A PR OFAE LR A
R, ZAUZK D HUERCHARIC K5 BEIm [ A B
HNNZT D, WIT, 2B E O L LT, DataA ZFIH]
L TR 48] BEIm & BPIm (2T, [AAEICPSHR D
TFERREERL Lz, 24U LY BEIm 2T 5%
X B DRV —{HE BN ED X 9 7eBfRIZ 72> T
WHWEEES 5, IRIC, 3MEEH Ord 1L LT Data
B #FIFH U C&EmifEER & e R B R R O fiH ) & E
BT 5, REfERITHIER, RN, 707 R R
PESRIFHIAERINC Table. 2 (2R3 BERBI DB /341 % 7
b U7, fEBIENR SR & 1, BRI = & Hra gl =X
DENZENDORED H L, FEEYRRTHEH I TNS
BB ROREDIFEERT DO TH D, KEIC
Data B ZFHl LT, 23 - #a5, MBI 28— 1L
F—FEORALREERI LZ, BE LA LX—
F¥E% Table. 2 IZHFETORLTWS, 728, 2930 « #5UC
B4 58 =3V —FyEIZ oW T, B &
BB RUC & - CTERAMEM A 22 5 &35 % EBIER
FER 100%DEEEEY) (EBIEE 20 & 100% A dEEE



A—5H6

Y (PREES) ZhEh THRARELERLLT,

Table.2 Threshold value and energy conservation measures

Items Threshold value and measures

Window area rate | 15%, 25%. 35%
in the wall surface

Air conditioning
multi split ratio

35%. 65%. 100%

HVAC  system | The proportion of decentralized HVAC system
type in terms of thermal capacity

Energy Adoption of total heat exchanger (HEX), outside

conservation air intake control (OAIC), and variable air

measures in volume (VAV) and variable water volume

HVAC (VWV) controls.

Measures in Adoption of occupancy sensor control (OSC),

lighting illuminance sensor control  (ISC), time
scheduling control (TSC), and initial

illumination correction (IIC)..
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Optimal operation control of air conditioning by data assimilation using source-receptor

relation
ORIl FnE (KFKKZR) e - CRIKE)
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Kazumasa SHIKAYAMA*!  Tomohito MATSUO*! Hikari SHIMADERA*! ~ Akira KONDO*!

*1 Osaka University

Optimized control of air conditioners (AC) is an essential factor to create a comfortable indoor environment. In this study,
a data assimilation method called Source-Receptor (SR) method was used for AC control. The SR method assumes the linear
relationship between the heat source and the temperature at reference points. The SR method was utilized to determine the
blow-out temperature of AC from the target temperature. Computational fluid dynamics (CFD) simulation was performed

using the obtained air-conditioning blow-out temperature. The target temperature and the CFD-simulated value at the

reference points well agreed, suggesting that AC can be properly controlled using the SR method.
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Table.1 Boundary condition
Boundary Boundary condition
Velocity: 3.0 m/s
Outlet Angle to ceiling: 30°
Temperature: 293K
Inlet Guage pressure: 0 Pa
Velocity: No sli
Walls v P
Temperature: 303K
\elocity: No slip
Hot boxes Fig.3 Observation points

Heat generation: 300 W
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Fig.4 Temperature field of (a) precalculation with the blow-out
temperature 20°C and (b) difference between precalculation and reference
with the blow-out temperature 22°C
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Fig.5 Temperature field of (a) precalculation with the blow-out
temperature 24°C and (b) difference between precalculation and reference
with the blow-out temperature 22°C
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Table.2 The blow-out temperature of AC

Case The blow-out temperature of AC[*C]
1-1 18.217
1-2 16.394
2-1 21.892
2-2 20.102
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Fig.6 Comparison (a) before and (b) after control in case 1-1



A-5T

Table.3 Calculation result of temperature in case 1-1
T, [°C] T[] AT[C]
24978

. . |
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Fig.7 Comparison (a) before and (b) after control in case 1-2

MAE [°C]
24.054 0.054 0.087
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Table.4 Calculation result of temperature in case 1-2
T, [°C] T AT [] MAE [°C]
24978 23.143 0.143 0.156
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Fig.8 Comparison (a) before and (b) after control in case 2-1

Table.5 Calculation result of temperature in case 2-1

Ty [°C] T[] AT[q] MAE [°C]
27.171 25978 -0.022 0.077
T[°C
E ok
—§ 26
E 24
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Fig.9 Comparison (a) before and (b) after control in case 2-2

Table.6 Calculation result of temperature in case 2-2

T, [°C] Tl MAE [°C]
27171 25.036 0.036 0.087
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CFD analysis of panel layout impact on thermal environment in open-type installation of CRCP systems
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Tomohito MATSUO*!
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*1 Osaka University

Cooling radiant ceiling panel (CRCP) systems have been proven to potentially provide an improved thermal comfort environment.
In this study, three types of radiant panel layout for open-type installation of CRCP systems were compared from the view point of
cooling capacity and thermal uniformity using computational fluid dynamics (CFD) simulations. Slit panel layout gave the highest
cooling capacity, and multi panel layout has the most uniform temperature distribution. However, the effect of the layout on thermal
uniformity is much smaller than that of cooling capacity. Thus, in most case, slit panel layout is optimal for CRCP systems.
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Table.1 Definition of the variables in equation (1), (2)

Variable | Definition Unit
Fj; View Factor []
A; Area of surface 7 [m?]
Angles formed by the line connecting the
@;, @; | surfaceiandjandnormal lines of surface i [rad]
and j
r Distance between surface i and [m]
o Stefan-Boltzmann constant [W/m2K4]
T Surface temperature K]
Q Heat transfer W]
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Surface i

Fig.1 Angle represented by ¢ in equation (1)
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Fig.2 Radiation model
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Table.2 Definition of the variable in equation (3)~(8)

Variable | Definition Unit
£ Emissivity []
a Absorptivity [
p Reflectivity [1
Radiatve heat flux emitted from
Qki [Wim?]
surface i

Incident radiative heat flux to

Qri [Wim?]

surfacei

Net incident radiative heat flux to

Qi [W/m?]
surface i
D Distribution factor matrix []
22  EtEEH

ABFETIE Fig.3 [T TIRET MK LT, Figd 1=
AR H— NGB, < VTR 2 R VD
SHHO/ SFVEEAZ N ENEEL, CFD v 21—
va v EfTolm, ENOKRE XL 6mX10mx2.9m T, 4+
MIZEEIZPAE TN D, NEERIRE LY, B EE S
HMBETHI D> B D—RTTEMAE, BN TOXHREMAE, Hd %
EELUTEC AR = LT, HH&hb, ToME%
Fig.5 |29, EHIORAMN S OEFRE LRI 5720,
B OAMEREE 13RI %2 35°C, HPEI% 30°C, dHfiI% 25°C
L7,

F7, B R MER IS 30em BEL CRRE L TR
D, H— %L 40mX6.0mX0.1m OFE SR % 1
¥, < LF AT 2.0m X 3.0m X 0.1m DR SR %
4K, AV v b T 6.0m X 0.4m X 0.1m D 2%
WV W0 BGERE L TR Y, WISV BT S0 Ui
FEOABRED 24m2 (27025 X ORI LT, v
MR 18°C T, ENITIFIAZAEE L7 0.4m X 0.2m X
1.2m DOE A% 16 [EECE L7z, HLORKRESY 2488
L72 1.6m X 0.8m X 0.1m OE A% 8{#, 2.0mX<0.8m
X0.1m OEFREZ 1EEE L7z, N LTZE RS
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Fig.4 Panel layouts
(Upper left : Single-panel-layout, Upper right : multi-panel layout,
Bottom : Slit-panel-layout)
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Fig.6 Temperature distribution in Z=1.5m plane
(Upper left : Single-panel-layout, Upper right : multi-panel layout,

Bottom : Slit-panel-layout)
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Fig.7 Temperature distribution in X=2.0m plane
(Upper : Single-panel-layout, Middle : multi-panel layout,
Lower : Slit-panel-layout)
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Fig.8 Air flow in X=2.0m plane
(Upper : Single-panel-layout, Middle : multi-panel layout,
Lower : Slit-panel-layout)
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Study on Membrane Ceiling Air-Conditioning System Using Ceiling Suspended PAC
(Part 3) Investigation on Indoor Environment Using the Full-scaled Mock-up Room under Cooling

O P 21 (KRR
INFRRNER S CRBROR )
# T L (RERKR)

Shogo ITO"  Toshio YAMANAKA™

Tomohiro KOBAYASHI™

i &k CRIROR )
= kB CRBR )
B e (B RE)

Jihui YUAN™  Narae CHOI"'  Shuji YODONO™

"'Osaka University “Kwansei Gakuin University

The ceiling cassette unit of packaged air conditioner (PAC) may bring a high cold-draught risk to occupants. To solve this
problem, the air mixing ventilation system can be improved by stretching the non-flammable membrane under the ceiling
with PAC. In this study, the full-scale experiment was conducted in a mock-up room with membrane, which was divided
into 60 cm on a side, to examine draft-less effect by membranes and exchange flowrate between attic and indoor space. The
result shows that the membrane laying ratio would give a large effect on the indoor thermal environment, cooling efficiency

and indoor air quality.
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Table 2 Evaluation result
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In the previous study, the air flow rate through membrane was small. Therefore, in this study, the cooling performance

verification experiments were conducted in an experimental room where the membrane with low flow resistance are

installed to increase the air flow rate through membrane. The aim of this study is to investigate indoor thermal environment

when using this new system and to develop an optimal method of using this system. In order to clarify the actual

phenomenon, the experiments were carried out in a full scale room under two scenarios of “with membrane” and “without

membrane”.
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Table 1 Conditions of experiments
Preset Indoor Temperature [°C Airflow Rat
.\ £ - rhow Rate Angle of Total Heat
Condition No Membrane, of PAC supply [°] | Generation [W]
membrane |Membrane with nonwoven fabric [m3/h] PPy
Casel Normal 812
1016x2
Case2 Low heat load 24 19 30 412
Case3 | Small flow rate of PAC 717%2
Case4 High temperature 27 22 812
Case5 60° supply 24 19 1016x2 60
Case6 High heat load 30 1236
Table 2 The Characteristic of Membrane kB, BRI E [cm3/cm2/s] IZJISL1096 A JED 7 52—
izﬁﬂnggﬁg el AEEL D, 125Pa FCHIE LT,
- £ - o N N
Membrane 452 Glass fiber ISl R LARHE DL T, BT 2R 0 L 73
Membrane with Glass fiber, MEDOFRER & T VMEIC /2D Ko, RRESRMNLY b
nonwoven fabric 140 Nonwoven fabric PAC @%&E{EE % 3°CToE< L .

Figl (TR $ X oic, AMEREBEL LT T T
(53W/ M) &K | 0.6m O SIZELE L SRR L LT,
FEVEER (100W/ ), R OVER EAT (SOW/ f]) ZBR EiC
BlfE L7z,

FRE R % Figl, 2107, RERESIZPL~P5 T
SRIE T AN 7 1 PAC DWGAZ P 1L R L I 4 45,
INZ TR AT 3 85k 7o, CO, 1 CO, LR (T&D,
RTR-576) % T, Pl ~ PS5 TEYE A1 4 4., JE E
123 AMAIZER o de BT LR OMIE Lz, Zr—
UL, XFGRZE M PR OSE ST AT 3 R THRIE L7z,

HEBR T PAC OIESEZ BIIG L. o0 IR 2N - 7275
CO, #7' A (1L/min) % PAC O L O CH A S+, 3B
IRk % IO EBR 2/ T LTz,

1.2 RER&H

FBRSEAT % Table 11277, /N7 A—Z [ZOKD 3 %
. @ PAC DR ESCHEFEFE L 6 Kb & L G 18 7 —
AT o T2, BEDOAE% Table 2 [T~ T, BEOMEILY T
AGGHE TR E LT =9 (SG-1003: Y HET KT v 7
) ZHOCT, OfmoOH (BT, BhHY ) L. Ok
+AH-AT (LLF RS O (kA& ) 02 B TH D,

30
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7 L - b 0 RETIE. R (T ) OIRE &
PAC OULAFIRIE N —E L TWDHD, BEDH D ( ASikAifS
) EHETIEES B s B L RET,

ENIEIRE Sy A (Fig. 4) Tl AAREEN /NS < KED
AN NSOHOHAETO 1V JEAMOT — % 2 ¥ Uiz fE%
i L7= (Fig. 3 O MREOOMEHENT TRT),

2.2 SREREN
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Fig. 7 Schematic diagram of exchange flow rate
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I DHE, iz 32 Ik Va5 fFicHsa
LTHY, A OF NI ER R 2 BN R E
WZ ERbMD,
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Table 3 Air flow rate through membrane
Condition Flow rate [m3/h]

91 ) 03 | Q4 | O5 | Os
Casel Normal 1105.9 1105.9 0.0 0.0 | 282 | 282
o Case2 Low heat load 1105.5 1105.5 0.0 0.0 | 28.7 | 28.7
_%’ Case3 | Small flowrate of PAC 1110.8 1110.8 0.0 0.0 | 248 | 248
g Case4 High temperature 1103.7 1103.7 0.0 0.0 | 283 [283
= Case5 60° supply 1107.2 1107.2 0.0 0.0 | 276 | 276
Case6 High heat load 1107.5 1107.5 0.0 00 | 269 |26.9
52 Casel Normal 202.6 204.6 0.0 20 | 256 [27.6
B8 | Case2 Low heat load 223.2 228.5 0.0 | 53 251 |303
% 5 | Case3 Small flow rate of PAC 136.4 142.5 0.0 6.1 16.1 [ 222
'§§ Cased High temperature 216.9 222.0 00 | 51 [204 |256
é’ § Case5 60° supply 205.9 211.3 0.0 5.5 209 | 264
Case6 High heat load 239.7 246.6 0.0 6.9 | 20.0 [269
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Development of Air Conditioning System for Educational Facilities Focused on Ventilation

Efficiency
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This paper introduces the new air-conditioning system which can supply fresh air from ceiling to a breathing area

efficiently. The purpose of the development of this system is an improvement in intellectual productivity for students. This

part shows contour maps of indoor air temperature, air velocity and CO2 concentration in classroom simulated with CFD

revealed that this system has a possibility to improve indoor air quality.
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