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Performance Evaluation of Natural Ventilation System for High Rise Office Building
(Part 3) Influence Evaluation of Voids Ventilation by Airflow Network Model
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This study is aimed to evaluation of energy conservation and thermal environment for natural ventilation system in high
rise office building. In a previous study, we reported basic evaluation of natural ventilation system with using voids, and
about shapes consideration of natural ventilation equipment. In this paper, we report influence evaluation of outdoor wind

speed and void temperature in voids ventilation by Airflow Network Model.

IFL®IC Table.1 Building model

FARAUE, THUE TIRIED b B~ DA ] Builing Floor number 22 stories
7j)j§< ABAEB, i)%%CF@/\@%]\%i% 200 H 5, ::Iti:l ventilation floor ;(er; floor
S i e S SIS TOUNT . Bl E— : .
R o, O | | g

PN 1)~2)§i\ %J‘é:é'j‘74’ ZEINZEITF B EAL REFI Floor height 440 m
L EL AR = 3L R RAATRSEOMEAETFA o st @
ERIYE LTS, R RO BB, SME Cmnﬂ{w
KN THMIREED FBGERAR A RGBSR X 5194 o> - <
REEEOBEZT 5 L EX NS, ARTIL, B R HI, ol <
BRI L LT, BRI RERH AT 5 AR R OF BN . .,
AA FNZESIRE OFEZHmZ W CET 5,

_|A a2 SE—= r'y AI_

1. FHENRETILOBE o wom ’

PR OHE 7L OBEE A Table.1 (75, B, A odtreloeter s
KBRS RS 210 22 BT #E 105m D7 g EOTRE
AT 4 AELTHY . ANRERONIRITA 7 1 271 - A —C— P o
T 6~ BED 17 7T L LTV, HIRBR DOX5 7 1 21F -
FUE, AT 4 AREEEE 1,800 . KRS 2.85m, P o -+ P
440m TH 5, e ] o A

xR 7 a7 OYEX % Figl (2, Byt 2 Fig2 16F = [+ € 16F
(R, BYEEDAT 4 AL, b - B - P R b =1E
FHETY 1279 307 G N TARPE R OMESR - R - FEPELCE L tor 1 <o
THY ., SHALOINETIZ BAREE 0 23T T 5, 1F +— |
a7 =i, BERRICRIATTAE R R A K A~D o ==
4 @A LTS, BA NZOWTE, A4 K A+B 3 1= < 5F
2N 6~22 EE T, RA K CD DS 18~22 P TIRE Pk - +— [~
ZEW TR L 22 o TR Y TEE CHKUCBI S LTV B, « : Wind tunnel experiment measurement point
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Fig.3 Wind pressure coefficient by wind direction NNE
Table.2 Analysis condition
Wind direction NNE
NW  -0.13
Outside NE 038
Wind pressure coefficient SE -0.71
SW  -0.80
Void -0.84
NW 0684 m
Opening area NE 0720 mi
Facade pening SE 1300 mi
SW 0720 m
Discharge coefficient 03
Horizontal area 12275 m
A Top opening area 9.100 m
Connection opening area 0.926 m /floor
Horizontal area 12275 m
B Top opening area 9.100 m
Void Connection opening area 0.926 m /floor
oi
Horizontal area 27156 m
C Top opening area 5400 m
Connection opening area 1.852 mi/floor
Horizontal area 26.748 m
D Top opening area 2700 m
Connection opening area 1.852 m /floor
Table.3 Analysis pattern
Outside Outside air Void air Room air
Case No. R
wind speed temperature | temperature | temperature
Case 1-1 0m/s
Case 1-2 2m/s 16°C
Case 1-3 4m/s
Case 2-1 0m/s
Case 2-2 2m/s 18°C 18°C 24°C
Case 2-3 4m/s
Case 3-1 0m/s
Case 3-2 2m/s 20°C
Case 3-3 4m/s

3 Wind speed is a Number of 6.5 m above the ground
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Fig.4 Airflow rate balance (Case 1-1)
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Fig.7 Airflow rate balance (Case 2-1)
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Fig.10 Airflow rate balance (Case 3-1)
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Fig.5 Airflow rate balance (Case 1-2)
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Fig.8 Airflow rate balance (Case 2-2)
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Fig.11 Airflow rate balance (Case 3-2)
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Fig.6 Airflow rate balance (Case 1-3)
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Fig.9 Airflow rate balance (Case 2-3)
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Fig.12 Airflow rate balance (Case 3-3)
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Fig.13 Air change rate
Table.4 Analysis result list
Floor ventilation rate Floor air change rate
[m®/n] [1/h]
Min Max Average Min Max Average
Case 1-1 712 6,639 4010 0.14 1.29 0.78

Case 1-2 3,395 5480 4,606 0.66 1.07 0.90
Case 1-3| 10,186| 11,115} 10,747 1.99 217 2.09
Case 2-1 2,053 2,234 2,142 0.40 0.44 042
Case 2-2 5432 6,904 6,104 1.06 1.35 1.19
Case 2-3| 10,743| 13,284} 11,684 2.09 259 2.28
Case 3-1 2,129 7,333 5,097 0.42 1.43 0.99
Case 3-2 5480 9,886 7,665 1.07 1.93 1.49
Case 3-3| 10,826| 15,074 12544 211 2.94 245
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Ventilation Performance of Office Building with Natural Ventilation Shaft

(Partl) Design concept and operation results of natural ventilation
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This report is one of the series studies on the natural ventilation which has solar chimney and shaft fan for tenant office

building at location of densely urban area. The paper presents characteristic architectural planning for effective natural

ventilation (NV) system, some technologies for actual utilization of NV for longer time during annual terms and hybrid

automatic control with NV and HVAC system for comfortable indoor environment of tenant users.
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Fig.3 Target building and layout drawing

Table 2 Area of each part of NV
Part name Specification Opening area
D |NV opening Balance type Each floor: 2.0m?
Exhaust Gully, closing panel, Each floor: 2.0m?
@ |damper damper Adjusting the airflow
rate by the damper
® |Exhaustoutlet |Protruding window for Low floors: 9.6 m?
for High floors: 3.7 m?
@ |Shaft Concrete for Low floors: 2.5 m?
for High floors: 2.0 m?
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(10 A 23 B~10 H 27 B)DI-H D B IR HFEIER T
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AR A Z 240 Figd, Figs (2”7, 10 A 11 H~22

HiZ, IR ASRMEIAEDY Open SRl ZIE & A

Table 3 Conditions for natural ventilation effective judgment

OA 16°C~24 °C (can be set for each floor), <Tin
Humidity of = 80% Rainfall Rainless
OA

Velocity of OA | = 15m/s

Table 4 Hybrid control operation mode
(when natural ventilation is enabled)

A: NV priority | Effectiveness: NV on, AC off

B:NVmode1 | Effectiveness: Air conditioning operation is
possible at the discretion of the occupants

C:NVmode2 | Effectiveness: Energy saving mode of NV and AC

D:NoNV NV off, AC on

Table 5 Using rate of natural ventilation (%)

All measurement period Representative period
(10/5 ~ 11/8) (10/23 ~10/27)
Existing New Existing New
building building building building
Floor | West | East Total West | East Total
4F 12.0 13.5 1221276 | 238 | 298
SF 18.6 0.0 24.6 | 343 0.0 37.9
6F 18.6 18.0 24.1 | 343 314 | 352
7F 18.0 18.0 226 | 314 314 | 33.1
o fo. ZOMELSLO 10 H & 11 T, B

SRIHATFTREIRE £ T EN 720, B ARSI RS
Lot FT-A SN BT AV & BEAERR - HEETR
6 BED CO, JRE % Fig6 [ Tv7 . HEZUH L BEFBRE BT
CO, 1T 800ppm LL FCTH 5. 10/11, 10/12 12V THE
FHHT U, HIRIR Z 1T o TV o 2720, BHIRIVR,
BAT > T OBERE & BT CO RN = o 7.
xR A 5 B~11 A 8 H)&REWIR 310
H 23 B~27 B)IZEIT DHMNKUREE, B REUIRE & 223iiks
D 6 BEDOENIREE DBFE 30 A Fig.7 (27, AMURELIE

BRI TIE 12~30TCI2a LTV 4. BIRBSIRI T
23 C~25COBEN IR E L, 22T 23°C~26Cos K&

o T RFWIRN IO TR T 23°C~26°Cla/fi L=,

EXRTEHA0 A 5 H~11 A 8 H)&FEH10
A 23 H~27 B)ITHBIT DM COp A, H IR
ZEHIRED 6 PEDZEN COL IREESL /3N % Fig.8 1T~ 7. 4
RIS THVR COL IRIEIE 350~560ppm (25047 L CH
¥, 460~480ppm DBEEEN b=V N CO, RELIE
H SRS T 460~640ppm |2, 287} 480~840ppm (Z
AL TR, BRI XL D N CO, JREE T2 &
e~ 200ppm /hSW 2 E3FEAEULS. REHIRI T
FEN CO R, HIRHAIRFL 500~600ppm (2, ZEiikE
1% 460~740ppm (T34 L CTE Y, @V BEE ORI XZ i
21 520~560ppm & 600~660ppm T V), HIRHZ D
N CO, JEE 2L & EE~K) 100ppm /NS W2 & A
FEAEID .
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Fig. 4 Outdoor air temperature and solar radiation (2017/10/5-11/8)
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Fig. 5 NV operation situation (2017/10 / 5-11/ 8)
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Fig. 6 CO, concentration of 6th floor (2017/10/5-11/8)
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Fig. 7 Frequency distribution of outdoor temperature and indoor temperature (6F (new))
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Fig. 8 Frequency distribution of outdoor CO ; concentration and indoor CO ; concentration (6F (new))
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Ventilation Performance of Office Building with Natural Ventilation Shaft
(Part 2) Estimation of Ventilation Rate Based on Emission Rate of Carbon Dioxide from Occupants
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Using natural ventilation is effective to save energy, and it is essential for energy conservation and decreasing runnning

cost.But in office buildings located in where middle-to-high-rise buildings are dense, the way of ensuring stable ventilation

performance is very important matter of natural ventilation system. This study focuses on ventilation performance of an office

building with natural ventilation shaft. This paper shows the results of estimation, which was calculated by regarding CO2 in

the breath of occupants as tracer gas.
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Table.1 Measurement List
Measurement Point

Items Location| Number | Floor | Interval
CO2 Indoor X2 4-7F .
. 10min
Concentration | Exhaust x3 TF
Eressure Shaft x1 4TF >min

Difference Door x1
Number of | 4o x1 47F | 30min
Occupants

AT OHBREIC L DEEELOFHAEZIT 72,

Ap DPIETIE, WMETF =2—7% ¥ 7 PNICERE
TLONREE ~>7-72D, v 7 FRIENRIO 51
HEL, ¥ 7 b~OWMH AT OO B TH
W5, TRIZBW T, Egzzfﬁf#?%/ﬂam
DANTALFE = NHE O HER BRI CO, IR A 5%

B KR ORI 2 E LT,
F7o, WIEHIRFE T o B SR RGE I3 B R L

o

2,700
A

] — T >
_— = = =
Natural Ventilation Shaft /
. Pressure Diferrence E
Observation Camera -8
(=3 o
Nl en
CO2 Concentration 4F 525[m’] =

\ Lsrr | esom) |
2 ° b

Natural Ventilation Opening

700

21,600 1,200I
22,800mm

Fig.1 Plan of Office Floor (6F) and Measurement Point

CO2 Concentration

Exhaust Damper (Exhaust)

Ventilation Shaft

Natural Ventilation
Openin

2,800mm

Fig.2 Ventilation Opening and Measurement Point



A-23
FT—RF& L., BEHIENIC X BRI A L) & b
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Y

1 e % (1)

9 )
M= {C.—C,—(C;—C)e v} (1)
Fo, BEIIRKUNMC L AR EN EOREH - T-
DINERET 5%, Table 2 |IRTERE DR o
Te B OXMGEOREREIEE XV KR X DK
BarBEET 5, BE2E Q) X2V, /b DREC
LV REBEHREASBEE CRIIFT L LICK
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Cr(t) = Ca + {Cr (to) - Co }e_%(tito) +A§4{ 1 e_%(t”o)} (3)
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Table 2 Measuring Time E 1,000
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COy 800 /' casela) N=0.121
Date Concentration g
[ppm] g 700 N case(c) N=0.170
case(a) 10/6 22:00~10/8 8:00 445 <‘é‘ 600 Y [
Q
case(b) 10/10 23:00~10/11 7:20 499 2 500
<}
case(c) 10/17 22:50~10/18 7:10 471 © 400
N
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Fig.5 CO2 Concentration and Flow Rate
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Fig. 6 Measurement Condition and Flow Rate
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Fig. 7 Flow Rate and Outdoor Air Condition
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VRF System Utilizing Outdoor Air in Open-plan Office
(Part 2) Situation of Utilization of Openable-windows and Indoor Environment
in a Variety of NV Systems

OitA B (RIcK=)
e R ORIROR)
T B CRBRORE)
mh =8 (HaEh

Hay Fl CRBROR)
P B (R
{fEH BN (FA 2 T2E)
JIUE A (H &G

Keisuke TSUJIMOTO™ Hisashi KOTANI" Toshio YAMANAKA™ Yoshihisa MOMOI™
Ryoma UDAKA™ Takuya HANADA™ Hiromasa TANAKA™ Kosuke KAWADA™
" Osaka University > University of Fukui ~ Daikin Industries Ltd. " Nikken Sekkei Ltd.

Energy reduction in air-conditioning system and designing comfortable space are both important issues in an office

building. However, it is often said that there is a relation of a trade-off between these two issues. This study focuses on

indoor environment and evaluation of comfort in an open-plan office applying multi-split air-conditioning system utilizing

outdoor air, in order to achieve a decent balance between energy reduction and comfortable office space. This paper

presents the measurement results of the various indoor environment and comparison between few cases utilizing outdoor

air in five conditions.
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VRF System Utilizing Outdoor Air in Open-plan Office
(Part 3) Situation of Natural Ventilation and Verification of Ventilation Performance
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Energy reduction in air-conditioning system and making comfortable space are both important issues in an officebuilding.
However, it is often said that these are in the relationship of trade-off between these two issues. This study focuses on
indoor environmentand evaluation of comfort in an open-plan office applying multi-split air-conditioning system utilizing
outdoor air, in orderto achieve a good balance between energy reduction and comfortable office space. This paper presents
the current status of utilization of sliding windows for natural ventilation and energy reduction by natural ventilation in

moderate season since 2016 to 2017.
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Fig. 1 Indoor Temperature and Outdoor Environment in Moderate Season, 2016 to 2017
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Prediction of Natural Ventilation Rate for Mid- to High-Rise Office Buildings
(Part 3) Effect of Cp Value Input Data for Various Natural Ventilation Systems
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"'Osaka City University

In this study, the flow rate of the natural ventilation building is estimated by network model using two types of Cp

values, database values and experimental values of wind tunnel test with its scaled model. In the previous study, the Cp

value database was arranged, and the flow rate calculated by two types of Cp value was compared for shaft-type natural

ventilation system. This paper analyzes three different natural ventilation systems, i.e., cross-vent type, shaft-type, and

combined type. Finally, the effects of the Cp values on accuracy of the estimated flow rate are sutudied for each system.
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Fig.8 Airflow Network Model for each Type of Natural Ventilation System
Table 1 Effective Opening Area given in Airflow Network Model Calculation
Natural Ventilation Type Cross-Vent Type | Combined Type | Shaft Type
o . for each opening A imar. =0.0783 [m?] ( Nominal discharge coefficient otAinake /A ,,,,,=0.403 , 20 openings for one floor )
Natural Ventilation Opening
North Side -+ 8 openings , South Side --- 12 openings | South Side - 20 openings
Flow Path between Office Room and Staircase N/A @A pan-ioner =0.442 [m*] ( for lower floors )
Flow Path between Office Room and Shaft N/A A pain-uper = 0.448 [m*]  ( for upper floors )
Staircase (one story) N/A (am,, =0.17 [-] ) aAwar =2.30 [m*]  (for lower floors )
L
Shaft (one story) N/A (Cwﬂ = A5 =00866 [-] ) A =746 [m*]  ( for upper floors )

(a=043[-])

Extract Opening at Shaft Top NA
(Backflow Prevention Window) ad,,.,, =523 [m’] ad,,, ,=2.06[m] ad,,, =034[m’] ad,,,  ;=034[m’]
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Fig.10 Estimated Natural Ventilation Rate (SSW, External Wind Speed : 4.1 m/s)
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Ventilation Effect of External Wind Turbulence for a Room with Multiple Openings

(Part 8) Analysis of Multi-Room Model connected in Series
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*!' Osaka City University

General formula for predicting wind ventilation rate has time-average wind pressure coefficient(C,) as argument without

considering influence of wind turbulence. Therefore, it cannot work well for a room with multiple openings of small AC,.

This work aims to clarify ventilation effect due to turbulent airflow. This paper presents analysis using CFD for multi-room

model connected in series. The ventilation performance is evaluated by Purging Flow Rate (PFR) and Air Flow Rate (AFR),

and the correlations between flow rate and C; value is shown.
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Fig.1 Computational Domain and Mesh Layout
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Table 1 Calculation Conditions in CFD Anaylsis
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Fig.8 Time Series of Instantaneous Inflow and Outflow Rate for each Room (Case 3-3)
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Ventilation Effect of External Wind Turbulence for a Room with Multiple Openings
(Part 9) Accuracy Verification of CFD by Wind Tunnel
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General prediction method of wind-forced ventilation rate, orifice equation, cannnot take into account phenomena,

mixing and pulsation, caused by airflow turbulence, for example a room with multiple openings of the same wind pressure

coefficient (C,). This work aims to understand ventilation effect due to turbulence for a room with multiple openings of

minute AC,. This paper presents measurement of wind speed around model by wind tunnel test, and accuracy verification

of CFD reproducing wind tunnel test. The target is wind speed around model, C, value, and Purging Flow Rate (PFR).
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The purpose of this work is to accumulate the knowledge regarding natural ventilation performance based on actual

examples. This paper presents the results of field measurement of age distribution and ventilation rate in an office building

where the natural ventilation system utilizing both wind and buoyancy is applied. The tracer gas measurement by the step-

down method is applied, and the performance under two cases with/without vertical ventilation path is evaluated.
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Fig.3 Response of CO, Concentration during Decay Process for Age Measurement
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Fig.4 Response of Dimensionless CO, Concentration Difference during Decay Process for Age Measurement
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Capture and Containment Mechanism of Local Exaust Hood in Commercial Kitchen

(Part14) Separation of Capture and Containment Efficiency using Pulse Method
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In a commercial kitchen, the environment grow worse because of a large amount of effluence of heat and cooking

substances. To make kitchen comfort and reduce the energy, it is needed to remove them efficiently with minimum

exhaust flow rate. So various researches were performed before. In this paper, capture and containment were separated

by confirming the concentration response in the duct using CFD analysis. Reproducibility was also evaluated by a simple

experiment.
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10 Contaminant flow rate of each iteration
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Capture and Containment Mechanism of Local Exaust Hood in Commercial Kitchen
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In commercial kitchen, large ventilation rate is needed to exhaust combustion gas and pollutants generated by cooking.

To use the efficient kitchen hood is essential because of energy-saving and comfortable working environment. Therefore

the purpose of this study is to develop low radiative cooking equipment with concentrated exhaust chimney. In this paper,

the influence of the baffle plate inside the exhaust hood on the capture efficiency is investigated by experiment.
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There are few studies on performance evaluation for natural ventilation building in summer in comparison with that in

intermediate season. The measurement in an actual building and CFD analysis were conducted to make clear the temperature

distribution in large space (void) in summer. By using these data, this study aims to report the temprature distribution and

evaluate the solar shading and heat exhaust performance in the large space of the city hall. Also, it aims to evaluate the vertical

temperature measurement method has a merit of the continuous measurement of vertical temperature with a thermography.
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Table 2 Climate Conditions

Date 7/29 7/30
Sat. Sun.
Weather Light Cloudy | Cloudy
Outside Wind Velocity [m/s] 2.24 3.86
Solar radiation[W/m’] 3773 277.2
Outside Temperature [°C] 30.8 30.6
Humidity [%] 78.1 87.2

*Referred Date :BEMS averaged from 8:00 to 17:00

Table 3 Measurement point
X1Y2|INE-L,INE-H,2NE-H| (X3Y4|SR
X1Y3|1E-L,lE-H X4Y2|3NW-L,3NW-H
X1YS5[1SE-L,1SE-H,2SE-H, | |X4Y3[2W-L,2W-H
X2Y2|2NE-L,3NE-L,3NE-H | [X4Y4|2SW-L,3SW-L,3SW-H
X2Y3|2E-L,3E-L,3E-H X4YS5|1SW-L,1SW-H,2SW-H
X2Y4|2SE-L,3SE-L,3SE-H | |X5Y2|INW-L,INW-H,2-NW-H
X3Y2|2NW-LNR X5Y3|1W-L,IW-H,2W-H
X3Y3|R
*Referrence
There are measurement points at 2 different heights each point,
and L means Lower point and H means Higher point.
*Specific
L: FL+1100mm; H : FL+3000mm (1F, 2F), FL+1900mm (3F)
R : GL+14040mm, the space near the inner side of the roof.

_ Heat Exhaust Window
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Fig. 2 Cross Section
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Table 4 Analysis Condition

CFD code STREAM V13(RC2)
Turbulence model Standard k-& model
Algorithm SIMPLER

Discretization Scheme QUICK
Number of Analysis Cycle 3,008,032
Ceiling Fixed Temperature, No slip
Boundary il * Fixed Temperature, Free slip
Plane Others Adiabatic, No slip
Floor Fixed Temperature, No Slip

Near-Wall Treatment Logarithmic law

Table 5 Analysis Case

Thermal load NW| W | SW | NE [ E | SE
3-H [29.96]30.07|30.03(30.01]30.16|30.28
Boundary 3-L [28.89]29.95]29.95(29.87]30.06|30.13
Plane 2-H [29.01]28.92]29.4928.95(28.79|29.49
Temperature | 2-L |[28.77]28.94(29.14(29.0329.03(29.24
[TC] 1-H |28.12]28.22(28.86]28.50|28.58[28.98
1-L [27.98]28.10]|28.53|28.0228.12|28.47
Floor Temperature [°C ]| 27.98 [ 28.10|28.53|38.02 [28.12|28.47
Outdoor Temperature 32
['C]
Indoor Ceiling |Case 1|  31.55 (Solar radiation : 600W/m®)
Temperature |Case 2 30.44(Solar radiation : 300W/m?)
[TC] Case 3 29.37(Solar radiation : 0W/m?)
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Natural Ventilation Performance of a Building with Large Space and High Height Void
(Part2) Measurement on Natural Ventilation Rate of Void in Autumn
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Installing Natural Ventilation(NV) leads to the reduction of energy of heat source equipment, air transportation and
ventilation, which account for 40% of energy consumption in an office. Moreover, it was confirmed that supplying more fresh
air than the minimum air flow rate, which Japanese government requires, causes good effect on productivity. Also, since NV
basically doesn’t require electricity, it can be a good Business Continuity Planning(BCP). This study aims to evaluate a city
hall with NV, and by using the result, understand the ventilation route in a NV building, and obtain the method of designing

buildings with NV.
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Fig. 1 System of Natural ventilation in the building
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Table 1 Size of office area and solar chimney

Area [m’] Height [m]
(U SIF floor) 871 27
Office arca bp °F
(Lower floor) 1,053 3.0
Solar chimney Void U 6.3 X 1.7=10.7 Approx.
(Void) Void LE, LW | 5.2 X 1.7=8.84 18.0
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Fig. 2. Fig. 3 lSRd (i@ IC BEMS OEHE DS R A R
K 1HBTORESINTIED ., ZORERIRITRA N
FRLCDH LT, BAMNCHSEREIT S C AW
INB, LHL, JEBEICIEDIHNHD ., RA FHN 1 D
BIRE s DA 7Z B ik 2 3 C CIE MR (& 7z
BHT BT LIZELY, ZT T, KA RN EE
BEMS RRENEIC I 25 & DORIRZ KD % B
HBEEZ. LITD 3 DORENBH{RA R TOHSE

Table 2 Climate Conditions on measurement day

Date 10/8 10/9 | 10/10 | 11/1
Sun. Mon. | Tue. | Wed.
. Start 15:00 | 9:00 9:00 | 15:00
Time
End 22:00 | 20:00 | 12:00 | 17:00
Weather Cloudy | Sunny | Sunny | Sunny
Outside Wind Velocity [m/s]| 1.3 34 3.0 1.7
Wind direction WSW [ ENE | WSW Y
Solar radiation[W/m’] 280 303 287 321
Outside
Teompamtie 0] 16.6 16.4 16.2 13.6
Humidity [%] 77 79 76 57
*Reference: + Solar raditation : BEMS

+ Other data : AMeDAS(Measeurement point : Tokushima)

Table 3 Experimental conditions

Q [mvs] ZHH LTz,
D) R FNJEGE (v) ﬁ*ﬁ?(ﬁ”ﬁ
. A
Qv = Z (Vix N_Z)
) CO, W (6) DRE CGEH b L—Y—A AR
S0M Ay
Qc= Z <ﬁx N_> (Eq. 2)
=1 g 0 Cc

) ARA RTHARIC FUT 2 R A RNSVDAE (Ap) DHIE

(Eq. 1)

2
Qp = adyr P | ap | (Eq.3)

CO, BENTHDRA RNHIEMBUE. "EREHRA R
T S AEBEEHRA R T10 5720, chuchza. FL—
Y— A AETHCRPIIRE C, ZHIE Lz, CO, 34t
DO_EFMNCB T %, EERHARA RAOFRAZEED CO,
g G B CREREFH R A RADFAZEL D CO, 1
Cr OYIFE SNTE I Fig. 2. Fig 3 0@ TH B, JlE i
ARRRENIE Y Fig 3, Fig 4, &URSelf7% Table 2, FEHISE
7% Table 3. Il ERESL% Table 4. JIIE S Table 512779,

= BEMS Wind Velocity
measurement

=Differential preassure
gy measurement

Measurement:
= Tracer gas
= Wind velocity

= Tracer gas emission

() measurement
< — —

Open : - Inlet of NV at office area Ci measurement ﬂo
Closed : + @ 2FF1 )| w 5 FFl ) Top of Staircase Fig. 2 System of measurement in the solar chimney
ower Floor pper Floor
Casel - + -
Case2 - - -
Case3 + - - N
Case4 + - + A ﬂ, A A
Case5 - - +
Trom GF ceiling level
Table 4 Experimental equipments | fro OF celing Tevel A
. Experimental t\q t\z t\q t\q x L x x X x b\x
Subject Eaui Data logger X
quipment * 0o o o o Yo o o * o * o o o o
Date : October 8th - October 10th (2017) S ¢ ¢ ¢ e S ¢ ¢ 0 ¢ e AL -
CO, concentration LumaSense 1412i PC
Wind Velocity  |Tohnic MONITOR-N Keyiﬁcz?vi%ooo R
Differential Preassure Halstrup P26 Keyence NR2000 ] ¥ i |
Date : November 1st (2017) 1 . .
Wind Velocity | KANOMAX 6501 | -
from 4F ceiling level
; [N ]
Table 5 Number of measurement point = = T s = =
. o o oo 0 o O o&o O o o080 O o oo (miif]
Number of measurement point e ®
Subject Upper floors Lower floors Void LW Void U Void LE oC/
Void | Ref CoU Void | Ref CoL 1 NV Opening to Void /\ BEMS Wind Velocity measurement
Date : October 8th - October 10th (2017) @ CO: concentration C; measurement O Wind Velocity measurement
CO, concentration (N) 11 | 1 10 | 1 <|:|> ggi zzﬁz:irg;amn Cy measurement g ]é)rllgel:{efgsal preassure ~N
Wind Velocity (V,) 12 10 @ Circulator
Differential Preassure 1 (at Void top) Fig. 3 Measurement point in the solar chimney
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TEREARE Table 4 1”9, 7272 L, BT ORIETH -
fetzdb, 6BEDITY 7 NW ITIZV B AB T EMNTET,
HIEZFT> TR,

3. BREER

3.1 BABRSRARA FOBRKRE
ARFPOFERD—RFIE LT, 2,5 BEHBEEDOETOH
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Table 6 Air change rate in the solar chimney

. Flow rate Q [ m’ /s ] ACH [ /h]
Case | Void O 0, 0, I m T
Lower | 6.0 11.1 - 6.8 12.6 -
2" | Upper | 2.6 | 6.1 - 40 | 93 -
Total 8.6 172 | 342 | 5.6 11.2 | 223
Lower - 6.5 - - 7.4 -
3 Upper | 54 7.1 - 8.3 10.9 -
Total - 13.6 | 41.3 - 89 | 27.0
Lower - 9.0 - - 10.3 -
5 Upper | 4.6 6.1 - 7.0 9.3 -
Total - 15.6 | 344 10.2 | 22.5

I : CO, concentration distribution , II: Wind velocity distribution
III: Differential preassure
Table 7 Assigned value
A, |Horizontal area of void [m’]|Void U: 10.7, VoidLE, LW: 8.84
A,,| Area of void top outlet [m’] Approx. 72
M| CO, emission [ x10°m’/s] | Caes2: 1.0 , Case3, 5: 0.5
o |Preassure loss coefficient [-] 0.4"

Table 7 1T/R 9, HURIBGEHIIRACIE, EERRD 1 FEH0%5
BN EEIRD 5 BER%SE Oz VW,
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F7z. Table 6 IR KD IC, 3 FHFHOFEMICHBNT,
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HRIEIC X BHREED 2 HRNC FF=hS > THrb N ED
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Fig. 5 Inlet of NV at office area

Outdoor
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Fig. 6 Method of experiment of
wind velocity at NV inlet
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Fig. 4 Division of NV inlet
Office area
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*) In case 2, not all of the measurement day was the same; Wind velocity was all measured on August 9th,
CO, concentration at Void U and Void LW was measured on August 8th, Void LE was measured on August 9th
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Bahavior of Droplets and Droplet Nuclei from Cough in Sickroom with Displacement Ventilation
(Part5)Distribution of Droplet Nuclei from Cough by Standing and Sitting Man
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In sickroom, a bad smell is often generated. In order to solve this problem, we suggest that displacement ventilation be

introduced to sickroom. However, there is a possibility that displacement ventilation causes retention of droplet nuclei expired

by coughing at occupied zone and an infection risk increases. So, in this paper, particle concentration of droplet nuclei was

measured in a mock 4-bed ward in order to find room distribution of particle concentration of droplet nuclei. In this paper, 4

coughing situation is simulated in order to examine the various aspects.
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Table.1 Measuring equipment

Measuring Item Measuring Equipment
TABmaster mini Model6750
Flow Rate (KANOMAX)
Thermocouple(Type:T)
Temperature Logger:Cadac3(Etodenki)
Portable Particle Counter
Number Equipment Mdel3905
Concentration (KANOMAX)
of Fine Particle | Flow rate 28.3L/min
. . 0.3um, 0.5um, 1.0pm,
Particle Size | 3%, 11’5 Opm, 10.0pm
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Behavior of Droplets and Droplet Nuclei from Cough in Sickroom with Displacement Ventilation

(Part 6)Distribution of Droplet Nuclei from Cough by Lying man
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In sickroom, very high cleanliness and comfortableness is required in order to achieve both medical practice and medical

treatment life. In my research, we suggest that displacement ventilation should be introduced to sickroom. But, when displacement

ventilation is introduced to sick room, droplet nuclei expired by coughing abides at the level of heads of human and an infection

risk increases. So, particle concentration of droplet nuclei was measured in sick room with 4 beds in order to know room

distribution of particle concentration of droplet nuclei. In this paper we report the result when lying man cough to the holizontal

direction and cough to the vertical direction.
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Design Method of Natural Ventilation of High Rise Office Building

B DRE

The Influence of External Wind and Opening Area on Distribution of Room Tempersture and

Ventilation Efficiency
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Use of natural ventilation is effective to saving energy,and it is essential for energy conservation and decrease runnning cost.

But thermal environment inside the room introducing natural ventilation is vary widely by outdoor wind velocity,direction,and

temperature. The purpose of this study is to grasp natural ventilation characteristics of a high-rise office building with center-

void. This paper shows the results of CFD analysis to investigate a distribution of natural ventilation performance.
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Table.1 Opening Details

Table.3 Boundary Condition

0 Void dependence Alm] Number[unit] | Flow coefficient[-] Boundary Condition Casel-1 | Casel-2 | Casel-3 | Casel-4 | Case2-1 | Case2-2 | Case2-3 [ Case2-4
Outer Wall Opening 0.5 16 0.40 Outside temperature [’c1 20
0 0.0 4 0.40 Indoor Thermal Load | [W/mi] 13
, ) 116 04 4 0.40 Ventilation frequency [ 27 238 35 52 12 [ 17 [ 28 [ 42
Void Opening
1/3 1.0 4 0.40 External wind [m/s] 0.5m/s 2.5m/s 5.0m/s 9.0m/s 2.5m/s
1/2 2.0 4 0.40 Ventilation volume [mi/h] 18689 19382 24227 35994 8306 I 11767 I 19382 | 29072
TE T T T v VeidTp 042 -046 -045 -0.42
Table.2 Analysis Condition For CFD S i vod 2 o
= o e B )
< Vo . . [T R N B
CFD code ANSYS FLUENT 16.1/17.2 o : o Cﬂ%ﬂﬂa"oﬂ Point ) 19 H,,;, S T S ,;,,m 0.62
Turbulence model Standard k-¢ model (SKE) § :E ?ﬁéﬁ«ﬂom Level  |_o__ I . | ,:, _
. S |S
Algorithm Steady State (SIMPLE) g 31 | 0.09 H _ 737 _ _ 737 m 061
icereti 3 Qe Z |
Discretization Scheme QUICK | Targel Room! Extergl¥ind | ____ |
Near-Wall Treatment Standard Wall Functions | | 1 25° 1
s : - g -0.14 H,,_, N e zone " m -0.58
Fluid density boussinesq g | | ! D Oniazong| !
< Lt 4= ]
Pressure interpolation scheme Body Force Weighted = I ‘ | I |
, € H:ES 045 -4 - -0.54
Turbulent Intensity 10% = o . o : o
Hydraulic Diameter 0.1m ! ! ﬁ 0_6() ‘ R (E)
NumberofiMesl 2190200 —s7zoomm Fig.3 Wind Pressure Coefficient and Calculation Point
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Fig.4 Flow Rate of Each Opening

Table.4 Average Value of The Results of CFD

Temperature | Room Mean Agef
< Rise [1C] of Air [h]
Casel-1 4.4 0.36
Casel-2 4.4 0.33
Casel-3 4.3 0.27
Casel-4 2.4 0.19
Case2-1 9.7 0.64
Case2-2 7.8 0.49
Case2-3 4.4 0.33
Case2-4 3.1 0.23
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Boundary Condition Temperature Rise Nond Temperature Rise Local Mean Age of Air Local Air Exchange Index
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Fig.5 Boundary Condition and Results of CFD(FL+1.100mm)
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The Wind Environment affecting City Buildings, focusing on Their Height and Open Space

OfME HE (LMmfERP)
Sumire UDO*!

A BT (LAEE R

Tomoyuki CHIKAMOTO*!

*1 Ritsumeikan University

The purpose of this research is to clarify effective relationship between the building height and the open space for

improvement of the wind environment. Some problems about the wind environment in the central area of Kyoto City were

confirmed by a wind tunnel experiment. And a city block plan have been proposed as an improvement plan. The reason why

Kyoto City have been chosen as this research area is Kyoto City already have building height restrictions in place. How

buildings are able to control the environment is being searched to establish how to live comfortable.
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TR IR T R RN 5 < AR S B (Table.l)
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Table.1 Building height regulation in Kyoto City
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Table.2 Index of wind environment evaluation by the study of Murakami

16

F(=U)=)"D,

i=1

B&RXTHRER B & KR ERER
I R & 755 IR R R E ~1.1m/s, 3.5m/s~ 9.5m/s~
R E AR TRIRE D7 R R i 1.1~2.5m/s 4.0~7.5m/s

— E ] gﬁﬁﬂ@i@;ﬁﬂ@z L

® ©)

1
DD

. 0] v%gia ; Dqg
Lile—— &

S —-—

U] ] il S=n =

N anl
L

e e

] . i

( i =

= TS S o0

= N e .

| |5 ] ®e

5. WEFEDEE
51 REEXR
HIXDOSER DR EITHIIHTZY . 5RO
HUZIB T 2O EFH AR LTEBICEZ L 72 0 155
FXOFEH L — LV ERET L, Fig9 [T L) 72— %
BEL,
N R BRERLEXRURERFIX

1 FHBTOBT VoV REIOBICGEMROBRSLHIR GIm KU 15m) ZHTT D
B & REOREEMET ZRMNEHRT S,
s g

BRSPS

m
d o

iR BRERMEX OB ANES I

BRAN—ZDRE JU—IU : FEFET ZREMSEE 20mET B,
B #:RAICLZEVEOEES RRODENY EES,

|.|I. , lI“ |

R B
.’ BT dr & ZEHMODRE(R JU—)L : ERRICET A MIA CRBL, BEHIR 10mEd 3,
B #:RENOERLEF\DBRERERT 2.

I. Il_)-'"‘

Fig.9 Update rule of the city block

AR 2 SOV T ZXRIT, BAFAEEESUICIE
REHE IS TR IE DT 31m, A C 15m o S
FRAMEH L, & HICEBREOUWEZ X I g~ 8
AT JEEREE DAV DWW THRGEER T o 7o, X595
T U T OEERTE AL O, A% Fig.10, P 4
Fig11 12739, = U 7 O ClEm @ ORIy O &
% 20m £ TR, @ SHEAEDIRIIC L 23RO 2[4
%, U T QTIXEENEMT 5 X 5 I EFH) ORLY
wEEZ . MZEOmERZ X 5,

TY7®
—|'~

TY7® TY7®

o iy — |y TN R
]U || D i \ (N i s | =S O
ng A 5 3ol The
a7 Ve B e rvaly M || ey

= R 7] | ® EE
iﬁﬁ%ﬂg E?ﬁ;ﬁl‘ W [jgi
® hees ||@ o

Fig.8 Result of wind environment evaluation

Fig.11 Simple plane of before and after changing buildings
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Fig.12 Comparison of wind speed before and after changing buildings
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Study on Improvement of Thermal Environment of Disaster Tent with PCM bamboo blind.

— Comparison of model experiment and simulation in outdoor at summer—

O s CRPEmEERT)

N TR S ON R G EPNE D)

Hisashi OKUDA*1 Haruo SOEDA*1

*1 Osaka Electro-Communication University

In this study, PCM bamboo blind were made for the purpose of improving the thermal environment of the disaster tent, and

cardboard was used as a tent model to compare PCM bamboo blind experiment and simulation under natural environment.

Experiment showed that PCM bamboo blind is effective even under natural environment. Moreover, it is

said that simulation is performed and simulation is also generally reasonable.
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Fig. 10 Model of flat plate model and uneven model of PCM bamboo blind
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Table. 1 Thermal Properties

Unit Cardboard | Concrete | MEPCM
Density [kg/m?’] 111 2200 795
Specific heat | [kI/kg-K] 145 0.86 224
Thermal
o [W/m-K] 0.0573 1.7 0.175
conductivity
Latent heat [kJ/kg] — — 195
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Fig. 11 Comparison of air temperature inside of simulation and

experiment of model (None)

—Simulation of Model 1 (None)
—Simulation of Model 2 (PCM)

000 300 600 900 12:00 15:00 18:00 21:00  0:00
Time[h:min|

Fig. 12 Comparison of air temperature inside the simulation model
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Fig. 13 Comparison of air temperature inside the model (PCM) of flat

plate model and uneven model
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Study on Particle Size and Melting Point of PCM in Natural Circulation System that uses PCM

O/h=f Heth (SLAEERS)

A AT (LAEER) e

AE GLaEERT)

Yuya KOTERA*! Tomoyuki CHIKAMOTO*! Myonghyang LEE*!
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Phase change material (PCM) is effective to supply heat because PCM can store a lot of heat in constant temperature. In

addition, PCM has a characteristic that density changes when PCM change phase. This study proposes the new system

using PCM that can convey heat value effectively by PCM circulating naturally by density changing. The purpose of this

study is verifying the possibility of realization of this system.
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Table2 Analysis condition of CFD

X:400[mm]xY:50[mm]xZ:15
fihTREIS
500[mm]
Aya 738144
— KRe ET NV ‘
(% - Rl - THEET L)
bR & DBER S P
BERSIE | DR —EARE OBE R A TREERHHH
[ A — [ A DB SR Mg
PCM #5 [ 1500 [kg/m?]
g 3N 1600 [kg/m?]
PCM Lt & 2000 [Jkg* K]
# LGS 4200 [J/kg- K]
PCM D& 190[J/g]
Table3 The Cases of Calculation
Casel Case2 Case3 Case4 | Cased Case6
BiE | 12mm | 16mm | 17mm | 18mm | 19mm | 20mm
[Eid 20C 20C 20C 20C 20C 20C
Case7 | Case8 | Case9 | CaselO | Casell
RiEE | 12mm | 12mm | 12mm | 12mm | 12mm
A | 22C | 28C | 24C 25C 26°C

MIIEL RN KRR T L ICRE BT R b2 -T2,
ZHUL. Casel(hifR 12mm) &b . RIROFENr—A
2 Imm ENEWEDTHD EEZLND, Fio,
3T PCM I LAMAID DIRIR & 72 203, Z0F]
BINE L BEOECEINEShotzl-, 77 L
OWFEIZH TV RonenoTz,

HEREINZ DU T PCM 137 B L7223 HAMAID B iR &
WIEIME L, Bl FEICEE LT- & & 2FE > T B EFED
EEE A HEN L X 5 CORZHEER & LT, Rk
DR Z T IUTRKEWIE EREENCERE L & X125k -



A-40
[s]
2000
1500 —
1000 ///
500
/__'__——.—/
0

12mm 16mm 17mm 18mm 19mm 20mm 12mm 16mm 17mm 18mm 19mm 20mm

12mm 16mm 17mm 18mm 19mm 20mm 12mm 16mm 17mm 18mm 19mm 20mm

(Casel)(Case2)(Case3)(Cased)(Case5)(Case6) (Casel){Case2)Case3)(Cased)(Case5)(Case6) (Casel)(Case2){Case3)(Cased){Case5)Caseb) (Casel)(Case2)(Case3)(Cased)(CaseS)Cases)

Fig.4 Time that PCM (Each Fig.5 Time that PCM (Each

[ Particle Size) floatsina pipe Particle Size) Radiates Heat
2000
1500
1000
0

20°C 22°C 23°C 24°C 25°C 26°C 20°C 22°C 23°C 24°C 25°C 26°C

Fig.6 Time that PCM (Each
Particle Size) Sinks in a pipe

Fig.7 Time that PCM (Each
Particle Size) Storages Heat

AN
\————\

20°C 22°C 23°C 24°C 25°C 26°C

20°C 22°C 23°C 24°C 25°C 26°C

(Case7)(Case8)(Cased]Case10]Casel1{Casel2) (Case7)(Case8)(Caseo|Case10]Case11|Case12) (Case7)Case8)(Case9]Casel0fCase11{Casel2) (Case7)(Case8)(Case9jCase10]Casell{Casel2)

Fig.8 Time that PCM (Each Fig.9 Time that PCM (Each
Melting Point) floats in a pipe Melting Point) Radiates Heat
[s]
3000
2500
2000 ///
1500 ——
1000 \v— —
500
o

12mm 16mm 17mm 18mm 19mm 20mm

Fig.12 Time that PCM (Each
Particle Size) Circulates in a pipe

TWDEBEIIRE W20, HEEIEREV, F72, Al
JEONERE BIRBEZE LD PCM DIREE & T 45y DK
B DIREEIVNEL | ERITRIMET 5 £ TR 22
T H0, BEWHNEL b EE b5,

ERERFRNZ DUNT, 7 BRI Tl T 5 Z & LRl
(2, BHROKRE SHRE L BRIUT R DI EUREINITRE
Wb, EONIEBERENRE L IRDN, r—AZ LD
KRERFZETHONI -T2, Flz, FEERRRC, %
BT PCM (IAMADBER L 72 573, EDIRREZE LD
BN/ NE D oTeizd, RBREORERIZH TV Lo
RoT-,

LEEFIIC DU T, PCM LR L7228 S 4MAA & [E A
b, B EERICE LT & X2 T D IRFH OB
EEL L & D F CTORFHZ LR & LTz, BfEDKE
TFAIUTREVNI EEBGR NCERE LT & &> TN D
BREIIRE WD, FEEWITR Y, F2, AsvE
UNE EIRFEZ D PCM DIRFE & EEGE/y D/KIE & D
REAEINV NS, ERICERMET 5 F TR ZET 57
W, FERWEHNELS 2D B HND,

EINIEERIEE] GEEN - 2 1 - B - TRREREE OG5

Fig.13 Time that PCM (Each

20°C 22°C 23°C 24°C 25°C 26°C
(Casel){Case2)(Case3)(Case4)(Case5)Case6) (Case7)(CaseB)(Case9|Case10]Casell|Casel2)

Melting Point) Circulates in a pipe

Fig.10 Time that PCM (Each
Melting Point) Storages Heat

Fig.11 Time that PCM (Each
Melting Point) Sinks in a pipe

M) 1ZoWT, BITRLIZL DT, KO RE SiI2k-
T L - BRI R E 722213720, RIS REWEE
LN AR E < Tp D2, BB
72D, FEMAEIZOWTIE, AEAE T &R
WL BUEDMEWNE EHENRNEL 725 L0 O R
Lot

3.2 PCM #if% - BhmaDIRET

Fig.14 |Z PCM R DI FIRERVE, Fig.15 IZ PCM
FRIBEO BN RS 72 TORMEATRER R 2T,
Fig.14 X0 bEEZ G CX 2R24% 18mm, 5+
REZRENET 384[s- M2 LWV O fER L 7e 572, 18mm LD
BRI NS WS PCM OEREEENN/ NS 720 | F72
BEN « EEERIEL 22508, PR - R NE < 7
Lo, FERE U CHARMREREYS -0 e TE D
BENNEL 72D, UKL, 18mm X VRIS K E
WERABENRE 720 FE - BRI L 72D
D, HE - FEEE N KIRICE L o CLE H 120, fE
L U CH R RS 72 0 (A TRE /R B N &
<725,

F 7=, Fig.16 |Z PCM &l i DG vIREEE:, Fig.17 |
PCM 2l s D HAAT IR R RS 72 V) C OGS rTRE R E:
Zaxd, Figle X Vb EEE A C& ZRlSIL 23°CT
H Y BHAFTREZR BRI 613[Us- m & W O FER L o T,
RLSS 23°CR VARV & FERRF N R 722 2 21T &,
T ERR ORI T 2 BN RE L e D20, BT
HFES 72 D ITFE CTE ABEN/ NS L 72D, ZHUTKT L,
ALY 23CL D BV ETERE L & BICEIRM LT 2 7o b EEL
RN S < 70 B3, HERHRIAKIRICE S 7e>TLE



A-40

il |
1.2 800 nE B
30°C | \ ;fm?;'giﬁﬂé‘l:
||| — MEBHRTESE
0.9 600 Hhep N I
i -
0.6 400 PCM S1{EI5Y
03 200
17°C
0 0 .
12mm 16mm 17mm 18mm 19mm 20mm 12Zmm 16mm 17mm 18mm 19mm 20mm . S .
(Casel) (Case) (Case3) (Cased) (CaseS) (Case6) (Casel) (Case2) (Case3) (Cased) (Case5) (Case6) Fig.18 Filling rate of PCM in the system
Fig.14 Supply Heat Quantity of PCM Fig.15 Supply Heat Quantity of PCM (Each
(Each Particle Size) Particle Size) per second and surface area
0] [I/s-m’] [Wh]
1.2 800 10
8 —
0.9 600
6 -
0.6 400 4 ]
0.3 200 2 —
INEEENI v
0.0 0 PCMEARE c— FRY 7 E—bHRY 7

12mm 16mm 17mm 18mm 19mm 20mm
(Case7) (Case8) (Case9) (CaselO) (Casell) (Casel2)

Fig.16 Supply Heat Quantity of PCM
(Each Melting Point)

) T2 OIZ AR IR Y 72 0 COMEREN/ NS 72
%, FREOFEFERN G ENIEERIH] & fbHa rT e
DIRT A LRI 18mm, @il 23°Codie b VLA
WL TWDHEBX LD,
TLUE 9 72 DIZHNIRFR TR 72 © COMEEGE D
S 72D, FRAOFHERERE S, ENIEEREERL] & el
BEBNE SN T o R LT=hi 18mm, il 23°Chix b Ve
R T 5,
3.3 HIRILF—tEDET
DLEORERZEE 2, BHFOBREE T AT A TH D
t— NRUCTERT HHHPERIH AT L Uk, B—
NRY T VAT HWEWES) (BUE &R T DI CHIHEVE
Wk D AT L (LU, B— bRV T VAT AT A
LIRS LRI AT LD 3 VAT MBI DHE T RMED
AT o7z, 32 £V b EEAWETE 5 PCM DRk
TEMEITRIES 18mm, @S 23°CTH Y, Z D PCM 28 1H7
W70 (AT & BT 5.52x10 [US] T D, F 72,
R AT KRBT, - WE7712 PCM 2388 L
ENEHHE TE % PCM OFERIT, Fig.18 D faft sy
(2fK? 2%, PCMBL fil5y) Tod 5T, Blia b 28.7[/s]
DEELE R AT ML VPHETE D, RUAT L3E
0T R —TCEEARETE D LB X, ERLEA%D
HEA e — MRV T VAT A, E— RV T LA AT
LTHEET AGE L ENEnR LI E 45 25, =
T, b= MRV TVAT A, E—MRUTVAVAT
L0 COP ZZNEh 3, 10 LUE LEtHE AT 7=, R
% Fig19 (g, ZOREENL, RVAT AL E— R

20°C 22°C 23°C 24°C 25°C 26°C
(Case7) (Case8) (Case9)(Casel0)(Casell)(Casel2)
Fig.17 Supply Heat Quantity of PCM (Each

Particle Size) per second and surface area

YRFL LAYRTA
. (cop=10) (cop=3)
Fig.19 Comparison of the amount of
used electricity when the system

conveys heat

YTV AT LA LT a13 2.87[Wh], BE— FARU T

VAVAT A& UT-35513 9.57[Wh] D) 2 HIjk©

XD EDMERTE T,

4. FLo

AIFZETliE, PCM BEAEER Y AT LMZEBIT B, EAER

PRI L2 PCM DRIEE « Bl E AR AT LDEZ RV

ORI EIT -T2, DN ZLITFIORT,

e LAEAHHETE D PCM ORI 18mm, FlsiE

23°C AMAG ATREBNEL T 1R 72 1 552x107 [Us] T 5.,

RV ATLEHANSZ LT, = RV VRAT AL

s 287[Wh], E— R AR L AT AT AL AR

957[Wh]DOEZHIKCTE 5 Z & & &R Lz,

EiEEa
AL EARRLT DI BT 0 | SEAERS MIDERAFZEE 2 6
TEELVR TREAIGY £ L, Z I OEEER LET,
BEXRK

SC1) NFRERIED S PCM % V- BSATRER S 2 T L OFI AT hE
PEICBET D01, HAREL S R FIGHRRAIE (h
[=) |, pp.1179-1180, 201748 H

X2) RIGHHIED, WEEENEA ORI B D5 £ 06
BB IS T B RhERERI T R OMGE, B AR
RETFHTHIFAEE, ppld9-150, 20124F9 ]

C3) P E AERICRT DK T ISR E T D IEE BT OF)
HICEET 2098 % D3 EEEEWA DFRIEIC LD Ao~
T SRR RGN, A AR A R AT
it (B9H0) | pp.915-916, 201549 H

SC4) ANFHERLIEDS, KEATIIT D BRI RS L OREE
BEEEOL O (2m2) My, KA B
T HINRA T 7 ERIIHRIE RS AT AOMRERGE, B
AREFLEL R HNGEEE CUI) |, 201648 A

AT A



A-41

ZFM - MHEMN - KEARBEZRAFEEEOMRBRIA L EAXIE Y —ILOKRE

Development of Installation Support Tool for House with PV System, Battery, Fuel Cell Based
on Measurement
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The objective of this study is to clarify effective operation methods and the energy conservation effect in a house. We

build the model-based simulation program to calculate the energy consumption of multiplication case. As results of the

simulation, we found that installation of home battery leads to suppression of purchased electricity. And when

SOFC 1is installed, the effect of installing home battery is depends on how to use home battery. V2H

installation effect depends on EV usage, however in many cases V2H install investment is likely to be

recovered.
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Prediction of heating energy use while in bed considering the occupant attributes
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*1 Osaka University

Energy consumption vary widely among households, because of variety of the residents, housing insulation, and climate

condition. Whether heating is used while in bed or not is one of the important factors in the dispersion of energy

consumption among households. Therefore, it is important to reveal the relationship between heating usage while in bed

and occupant attributes. Applying multinomial logistic regression analysis to a questionnaire survey data, this study

explored the factors affecting heating usage while in bed and developed a database. Linking this database with the

residential energy end-use model calculated the energy consumption reduction by replacing room air conditioners and

mitigating the preset temperature.
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Table.1 Questions of questionnaire survey

Gender, Age , Area, Household
income, Job, Presence of children,
Member sleeping together in the
bedroom, Bedtime / Wakeup time
Building type,

Own house or not,

Age of building,

Story of the bed room,
Direction of window
Type, set temperature,
Usage(Use heating all night long,
ON timer, OFF timer; OFF / ON
timer, Do not use heating)

Occupant information

Housing information

Heating equipment of
bedroom
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‘ Occupant attributes (ex. Income,Area..) ‘
I

| Heating use category database |

| 1 I 1

ON timer ON/OFF Use Do not
timer OFF timer heating use
1 all night || heating

[ Heating timer usage database while in bed | | 10"9

Hours of OFF
timer time

Hours of
ON timer

Fig.1 Flow of the database
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Table.2 Explanatory variable candidate

Category of
explanatory variable variable format Standard category
candidate
Average outside Quantitative variable
temperature

Less than 200 ~ 4

Household income .
million yen

Dummy variables of 2 million intervals

Detached house /

Apartment (dummy) Detached house
apartment house
Window No windowl(dummy) With windows
Age of building Dummy variable every 5 year interval Over 20 years
Bedtime Category variable of one hour interval
Number of people

Single variable (dummy) 2 people or more

sleeping
Presence of women

No female (dummy) With women

Electric stove, heater variable(dummy)

| Gas fan heater, stove variable(dummy) |

Kerosene (petroleum) fan heater, stove
(dummy)

Room heater, panel heater (dummy) . .

Kerosene (petroleum) - gas FF type heating | Room air conditioner

machine (dummy) (RAC)

Type of heating

Central (whole building) air-conditioning
system (electricity and gas) (dummy)

Floor heating dummy variable
Child only(dummy)
Adult x Preschool child (dummy)

Member sleeping Only 19 to 64 years

Adult x Elementary school student (dummy)

together in the bedroom old
Adult x Teenagers(dummy)
Dummy variables including over 65
Dummy variables for Tohoku, Chubu,
Area Kinki, China, Shikoku, Kyushu and Kanto

Okinawa
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Table.3 Odds ratio by multinomial logistic regression analysis

Explanatory variable F'l‘:)mwgi‘:ﬂg‘e Offtimer | ON timer Bgz't?nf;/
Intercept 0.0504*** 0.1198*** |0.0322*** |0.0176***
Less than 2 million(Household income) 1.4673** 0.8995 1.0899 1.1387
Over 10 million(Household income) 1.2974 1.3301* |1.0775 1.8469**
Apartment dummy 0.9484 0.7191*** |1.0578 0.7816
Less than 5 years(Age of building) 1.1464 1.522*** 11.2614 0.9887
Less than 5 to 10 years(Age of building) 0.8755 1.6388*** [1.4171*  |1.3062
Less than 10 to 15 years(Age of building 0.8614 1.3169** [1.0607 1.52*
Less than 15 to 20 years(Age of building) 0.8307 1.0043 0.7837 1.4917*
Electric stove, Heater 2.2527*** 1.5978*** |1.1367 3.0837***
Gas fan heater, stove 1.4374 1.0489 1.0814 3.5509***
Kerosene (petroleum) fan heater, stove 0.9611 0.9543 3.0387*** [1.6406**

Room heater, panel heater 13.0648*** 2.4865** [2.1249 8.919%**
Kerosene (petroleum) / gas FF type heater |3.7326*** 1.9629 7.8364*** [3.8311*

Central air-conditioning system [43.4937***  15.0085*  [0.0968 7.9774

Floor heating 11.0895***  |2.2166* |2.4631 16.4253***

No window 0.4019** 0.3685*** |0.4756 0.9755
Preschool child 3.1158*** 1.8164*** |0.9835 1.4041
Elementary school student 1.1592 1.1584 0.5848*  0.8992
Eldery person 0.9205 0.841 0.5924** [1.0136
Single household dummy 0.8787 0.7967 0.8619** [0.7177*
Tohoku dummy 0.9327 0.6169*** |1.4523** |1.3142
* is attached according to p value. *** p = 0.001, ** p = 0.01 ,* p = 0.05
100%
o
S, 90%
—
2 80%
5 70%
o]
© .
2 60% m Do not use heating
— 0,
S 50% _
> 40% ON/ OFF timer
8 30%
[ .
= 20% ON timer
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Fig.2 Heating usage probability by Member sleeping together in

the bedroom
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Table.4 Estimation condition of model

Number B _ Bedroom Heatipg
of Composition of sleeping Type name | floor capacity
people personnel ,.| of ARC
sleeping area[m’] [KW]
A couple
Preschool | and two
child children
A couple | Only (Preschool)
4 and two |husband A couple
children |working |Elementary| and two
school children
student |(Elementary| 16.56 3.60
school)
A couple Only hu_s band A couple
working
An
2 elderly Anelderly
couple couple
(over 65)
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Study on integrated evaluation of energy and water use
Part 1 :Proposal of integrated evaluation method of energy and water use and development of
evaluation tool

O% *l@l E *iﬁ;f (H%uxi"/%{:l\ﬁ%%)
EEI iﬂ IE\ (H@ux;: r%éﬁ%@?)

Naoki TAKAHASHI*?

Kazusa KOIKE*!
*1 NIKKEN SEKKEI Research Institute

N 7 B (H@uXu WA H%Fﬁi)
h Ko (ROTRT)
Shingo TANABE*! Taikan OKI*?

*2 Tokyo University

In the previous studies, there are many evaluation cases targeting energy, but it seems that there are few cases where water

use is evaluated. In this study, we aimed to construct a method to comprehensively evaluate water use in combination with

energy evaluation. In this report, we propose an integrated evaluation method of energy and water use, and report on

development status of evaluation tools.
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Fig.1 Concept of integrated evaluation for energy and water
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Fig.2 Scope of integrated evaluation for energy and water use
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Fig.3 Input and output of evaluation tool

2.3 FHEY—ILDOT—2 R—XDiRE
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ZEIHR 3) & b 1T, BHEE - BRI =X
— VMR AT AR L7-, Tabled (ZE AR - BT
DT FNF—IYE BN 27~ 728, /ML 1, 000 of

K. AT 1,000 ML E 10,000 mATH ., AHAEN
10, 000 ML ECTH B,

Table.1 Unit energy consumption by building type and size
(MJlyear-m2)

Small Medium Large

Office 1,318 1,675 1,921

Commercial 7471 4,881 3,257

building

Hotel 2,143 2,583 2,894

Hospital 1,892 2,237 2,552

School, 407 303 1,140
House 600 - -

(2) A - HIFIZ K DK EFEAL

SER3) &b &S, RN - BERlIC =L
— VBN A VER LT, Table.2 [ZEE AR « A
DREFHNLZ R T, 703, BIBUIANRD LB TH D,
IKEJFHALIZ OV T, FEE oMz, ARNICOWTHEE
L7,

Table.2 Unit water consumption by building type and size
(m3/year-m2)

Small Medium Large

Office 0.606 0.840 0.691

Commercial 2.233 1.722

building

Hotel 1.600 4614

Hospital 5.740 4.305
School, 0.293

House 2.433 - -

(3)  KAPSRRAZ B3 D I HAT

a KR

ZEHRA) &b &2, K1, 500 DAGEFZER (K
MEEET) NOIBFUKNRRD 3 4 — L OFER
IR B — DK EH T2 OTEEE )&, K
BHIZVOaIX MR LI 3 NZ =3k LY T
BB,

D) JFOKDBHFRDSE

2) BFUKANAIIK (F DBfAKRETe) D6

3) JFOKDNAIJIK « 22 57K « VK Tl (AR5
DR %% LTV DG

Table.3 |ZKGFK Z & DAL E & D& RT,

Table.3 Unit consumption per target raw water

Electric energy per | Processing cost per
quantity of water | quantity of water

(KWh/m3) (yen/m3)
1) In case of well 0.527 3.7
water
2) In case of river 0.273 30.0
water
3) In case of river 0. 426 27.5

water etc. advanced
treatment
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BEHERG) 26 L1, K92, 000 O T AKULERE) & JLER
FRNEIRD 3 R\ F— OB ERIN L, K/ —
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FEBH LTz, 337 = 3kDEBY TH S,

1) FEAEEMGeE GEAR9IZ, BOD, SS OALEE)

2) AXTT—a T4y FUE GEARRIZ, BOD - SS -
ZEHR DI

3) ML (Lo 3 HHH OMER A5 Te, BOD -+ SS -
ZEFROMBE, BOD+SS+ U OMFE BOD-SS - ZEHE - U
DALER)

Table.4 (Z TR ST & OJFEALFE & D EIRT,

Table.4 Unit consumption per sewage treatment system

Electric energy per | Processing cost per
quantity of water | quantity of water

(kWh/m3) (yen/m3)
1)Standard activated 0.418 36.7
sludge method
2) Oxidation Ditch 0. 736 84.3
method
3)Advanced 0.534 48.4
treatment method

c  FAEKNUEREEY
BAEHRS) 26 & 12, 92,000 O FAMLERGIZIBW T
FAAKFIRZ L Q2 U500 FRA KB, g, F
FKEZRET S Z LIck v, FERHF, Hik, 4L
HKEZEE L, UHKED- Y OWEEHIB IO
N &R Uiz, QB EO T T b EIA DS\ TR A
LlThRRT LT,

X xR E LT, WIKED

Table.5 | A KABEER DJFHN £ & & RT,

Table.5 Unit consumption of reuse water treatment facility
Electric energy per | Processing cost per
quantity of water | quantity of water

(KWh/m3) (yen/m3)

100 m3/day 0.333 25
1,000 m3/day 0.119 16
2,000 m3/day 0. 104 15
5,000 m3/day 0.079 14

d Bl

SER4) &b 12, REOTHRTR O 5 HITBIXI%N
@%Amum%k 50 75 NB LN 10 5 AR HT DAL
KRGS BT DREKEHT- D OWEEEBNE, HKE
%t@@nx%% A L7,

Table.6 |2/ EAERR IZ 31T 5 N PR
FEOERT,

=L DJF AL

Table.6 Unit consumption of water distribution facilities
Electric energy per | Processing cost per
quantity of water | quantity of water

(KWh/m3) (yen/m3)
1 million city 0.378 18.9
500 thousand city 0.274 16.0
100 thousand city 0.293 14.0

2.4 EREY—ILOHR
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GT&E#HER)

Calculation field

Fig.4 Composition of evaluation tool
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Fig.5 Ratio of energy required for water treatment

() KR AUZ L D=L — L

AMFLSH AU LD =B EOEN R LT,
Table.6 |ZfET7— A% Fig.6 |CRGAA R AT, AL
T5H—A 0 1%, KOEFRDNESEA S, FEK
FIAR N —RA L LT,

HAKMRR D i Tl B/ NHE &I — A 1-2 (JFUKR
WK, Zor=r7ax N TiEr—2A 1-3 (kN1
IKEE TR D3R ME & 7277,

FAKKEERE Ol TlE, R, T = a R
hebr—2R2-1 (BEAEEMHHIEE) BNevMEE o7z,

FAEAAERERR DLl Tl BIHE R, 7= 2
A N EBFAKENS L DI LIV NEL TeoTz,

Table.6 AWLESFTHRDIr —2A R 2T 4 &4t

[KEnzE (KOBAKIERIEIE TR IIME L I UERIEE
LkE | mekE | TAE | sEK LN mEsEDsE | ODE | mEmBE
FmyE | Fmys | Fmyse EELEEL| 50
Cased =g 6,758 o 6758  33% 33% 33% 33% 33% 33%
Casel-l | LAl #FkI00%| 6758 [ 6,758 | 100% 0% 0% 33% 33% 33%
Casel-2 FIk100%| 6,758 [ 6758 | 0% 100% 0% 33% 33% 33%
Casel-3 mmnmioon| 6,758 [ 6758 0% 0% 100% 33% 33% 33%
Case2-1 | FAME BB 6,758 [ 6758  33% 33% 33% 100% 0% 0%
Case2-2 oD% 6,758 [ 6758  33% 33% 33% 0% 100% 0%
Case2-3 EENBE 6,758 o 6758  33% 33% 3% 0% 0% 100%
Case3-0 | MEkE om3 6,758 [ 6758 33% 33% 33% 33% 33% 33%
Case3-1 73,000m3 6,758 73| 6685| 33% 33% 33% 33% 33% 33%
Case3-2 sasso0oms| 6758 3285|3473 33% 33% 33% 33% 33% 33%
12
< P
% 10 = for Water distribution
BB e W ; e
g - o o P R AL .
g - . ',ﬂ_? o for Water Regeneration
5 6 ’p’ o ] f: {‘.2
5]
2 4 I mfor Sewage treatment
K]
g 2
< for Water purification
0
T 1,200
Z 1,000
5
2 800 Maintenance cost
S
£ 600
g 400 = Electricity cost
2 200
5 o N N mu BN = BN BN BN BN =
3 = - ~ @ — o o ° - o~
2 e - & & & & o o )
8 ) o ) D P v 4 ° 3
8 b @ 3 & o) & o) & o)
Q a T a8 @ 8 T 8 T
S [$) [$} [$] [$) [$] [$) I$) [$)

Fig.6 /KIS RUZ L DT RAF—L TR M HHE

3. IRILF—LKAADHANTHEFEDIZE
TR L KFHOHAIRMEE LTk, RY 7L
RELTA L BB, s, #B%) 12, SDGs i E 2T
[REGEATREME ) &\ D Al & 3% e Lz, 4 2 aHilfidh =
CACFHMIEE AR E L, MATHET 5 2 & 21287 5,
Table.7 (#2532 il & FHmERE 2~ 3, 2 bl
L—F—F ¥ — FTORTZEICED ., Harlodfick s
BhRZMERT D Z & A MEL TV D,

Table.7 Evaluation axis and index

Energy Water
Environment Primary energy Water reduction
reduction rate
Society Independence degree Sewage reduction
of energy
Economy Energy benefit Reduction of water
treatment
Sustainability Renewable energy quantity of reuse water
amount
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