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Evaluation Study of Tenant Office Building with Personal Air-Conditioning System combined

with Ceiling Radiation

(Part 1) Planning of the System and Measurement Evaluation by using Thermal Manikin
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This study is aimed to evaluation of energy conservation and comfort and optimization for the personal air-conditioning

system with ceiling radiation in tenant office building. In this paper, we report overview of the planning of the system and

measurement evaluation of thermal environment using thermal manikin.
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Table.2 Specification of personal airflow unit
Conditions Old type

Air flow 20m°/h | 30m®/h | 20m*/h | 30m*/h | 40m°/h
Power consumption | 2.3W 3.3W 0.6W 1.2W 2.3W

New type

Noise 24dB(A) | 38dB(A) [20dB(ALT | 28dB(A) | 34dB(A)
Outlet diameter 41mm 45mm
Supply velocity 4.2m/s | 6.3m/s | 3.5m/s | 5.2m/s | 7.0m/s
External dimensions | 114¢ X 185H 114¢ x 170H

XNoise indicates the numerical value at 1.5 m from the outlet

Table.3 Analysis conditions
Turbulence model |MPAKN linear low reynolds number
finite diff
inite diterence Second order accuracy Upwind finite difference
scheme
Mesh division Space mesh : About 3,650,000~ 4,040,000
Human body surface mesh : About 18,000/body
Wall condition : no—slip, Emissivity : 0.85
Common The surface temperature is determined by radiation
analysis
Radiation panel Sur.farcel temperaifure determined by thermal
° equilibrium equation
2 . Size : 210W x 350D
>
8 Anemo diffuser Modeling of outlet shape
© c
S :
g | |Personal alrflow| g o100 416, New 45 Number: 1
o 2 unit
3 Return air Size:200W X 300D Number: 2
E Outflow condition : Surface pressure regulation
3 outolet . .
< Differential pressure OPa
@ | Humanbody |Values by JOS analysis
surface Contact part with seating surface : 35.4°C
k] Desk Size: 100W X 400D X 400H Number:4
& equipment | Calorific value : 136.4W/rm (60W/pieces)
5]
© Ceiling Size :200W X 600D X 2 Number:4
_bga lighting Calorific value : 260.4W/m (62.5W/pieces)
=1
S | Human body |Body surface area:1.52m Number: 3 body
T etc. Calorific value : 39.6W/m (60W/body)
z :g Model JOS 1 body
o
a E
c —|¢ gender:male, Age:30 years old,
g E % human body body fat percentage: 15%, Metabolic rate : 64W/m
22 s . Short sleeve Y-shirt, Short sleeve T-shirt,
|0 Clothing
Slacks, Underwear, Socks, Leather shoes
22°C 24°C__ 26°C__ 28°C_ 30°C_ 32°C
Temperature

Velocity — 1.0m/s

New model (40m*h)
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Table.4 Analysis result of physiological quantity
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CFD analysis results Physiological analysis result by human body thermal model JOS
A Ind A maximum Evaporative
wverage ndoor wverage . . . . i
Condition name room average skin Skin blood| evaporation heat loss due lnser?slbl|e Skin wet | Sensible | Latent |Total heat
humidi flow heat to perspiration perspiration rate heat loss | heat loss loss
temperature | humidity | temperature| ) o1 | gissipation | PSP Wt | =1 | Wwmd | Wm? | W/m3
[*c] [%] [cl 2 [W/m*]
[W/m?]
Convective air conditioning 28.0 50.3 35.2 22.7 17 24.0 8.8 0.19 27.5 32.8 60.4
Personal air-conditioning system combined | g 50.4 35.1 189 188 16.9 102 0.14 326 27.1 59.7
with ceiling radiation (Old type)
Personal air-conditioning system combined | g 50.5 35.0 179 193 148 107 013 34.1 255 597
with ceiling radiation (New type)
. . s Personal airflow unit  Ceiling
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Fig.4 contour of velocity magnitude around thermal manikin

Table.5 Actual measurement condition

Indoor Personal air flow unit
Condition name temperature Clothing X
setting ON-OFF Air flow
Setting 25 °C _
(Personal OFF) 250 OFF
Setting 26 °C _
(Personal OFF) 26.0 OFF
Setting 26 °C ’ . . High air
Light clothi
(Personal ON) gnt clothing ON volume
Setting 27 °C _
(Personal OFF) 270 OFF
Setting 27 °C : ON High air
(Personal ON) volume

Clothing condition is Short sleeve Y—shirt, Short sleeve T—shirt, Slacks, Underwear,
Socks, Leather shoes.
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Fig.5 Sampling points on the center cross section
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Fig.6 Vertical temperature distribution around thermal manikin
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Fig.5 Sensible heat loss amount of thermal manikin
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Fig.7 Equivalent temperature of thermal manikin

Fig.8 Sensible heat loss amount and equivalent temperature

of whole body
Air t t Personal air Sensible heat loss Equivalent temperature
Condition name ir temperature temperature of the whole body of the whole body
[cl [°c] [w/ni] °cl

Setting 25 °C _

(Personal OFF) 254 43.2 25.4
Setting 26 °C _

(Personal OFF) 26.9 373 26.7
Setting 26 °C

(Personal ON) 210 248 414 25.7
Setting 27 °C _

(Personal OFF) 279 342 275
Setting 27 °C

(Personal ON) 217 25.5 38.6 26.4

S<¢Air temperature is FL+1,050mm.
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This study is aimed to evaluation of energy conservation and comfort and optimization for the personal air-conditioning

system with ceiling radiation in tenant office building. In this paper, we report evaluation of indoor thermal environment

and survey of using personal airflow unit based on indoor environment survey and questionnaire survey.
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Study on Membrane Ceiling Air-Conditioning System Using Ceiling Suspended PAC
(Part 1) Investigation of Thermal Environment Characteristics in Lecture Room by CFD Analysis

OftiE 18 CKBKR) e 2ok CRBKZE)
INFRRR S CRBROR ) = kB CRBR)
#® L (R

Shogo ITO™"  Toshio YAMANAKA™  Tomohiro KOBAYASHI™'  Jihui YUAN™' Narae CHOI"
"'Osaka University

The PAC system has relatively high efficiency in convection, however it has the shortcoming of air draught. Thus, a new
air-conditioning system of membrane ceiling that the membrane is installed under the PAC has been developed to provide
draughtless and glareless environment in radiation. This study aims to propose a design method for a membrane ceiling air-
conditioning system using CFD analysis. The air velocity and temperature distribution in the lecture room were evaluated
by CFD analysis and 2 evaluation indices, under 3 cases including one case of “only PAC” and two cases of “PAC with
membrane of different position and size” in this study.

1.1&CsIC [« PAC =HP Dessicant Hummidity Control OA Unit = Occupant = Desk
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% ", PAC DBERIT L R MO A AR & g L winion
BB L CAD & 5 AT 51 3. Atk o
AMIECRNICELGARE N, K57 MR - R
[ TR & U T2 BHhERIC & % Pl o | a . Lk 3
- PAC 23T % T 212 X B R AT @ = . L
RO & % 2L 7 ORI I TIE sk
AFECIE, M2 AT LORFOBBEENDEA o ! i N ¥
RHE L, CFD ifHT - KBVRITS T L THEMAROD 3 aoem = o[ e
HREZWI BT L, REHFEOMNLZ B, AHTR H fo A R
CFD RHTIC & O KA RO BEBHHED T 00, I I Com I el
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Fig.1 Membrane Air-Conditioning System Fig.3 Cross Section
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Table2 Boundary Condition
Tablel Outdoor Condition a. Heat Load b. Flow
Outdoor Temp. [°C] 35 Occupants 60 Wx80 people “SAlphabets are numbers of PAC.| Flow Rate [Temperature
Hollway Temp. [°C] 30 Window 73.216 W/m’ Please refer to Fig.2 (a). [m’/h] [°C]
Solar Radiation ' [W/m’] | 160.0 N | 3.54Wm’x12.8m’ A~p?|Supply | 1725 | Controlled
North +5 E | 7.07W/m’ x 52.64m’ cxhaust| 690 by
ETD [°C Wall — PAC ;
[*C] East +10 a § Heat Transmission - Q~W supply | 130.5 |Proportional
*1 Y Heat Transmission exhaust 522 Controller
The heat load by solar radiation is 5
considered solar radiation absorption It is calculated by setting thermal conductivity | HPDHC supply 26.04 26.0
coefficient of window glass and roll blind.  on the walls in CFD model. exhaust 26.04 26.0

Table3 Analysis Condition

CFD code STREAM V14.1
Turbulence model Standard k-& model
Algorithm SIMPLER
Analysis Discretization Scheme QUICK
Method Number Casel 2,527,776
of Case2 2,911,935
Mesh Case3 3,200,028
Time Step [s] 0.02
Ceiling Adiabatic
N Logarithmic law
Boundary E Logarithmic law
Wall —
Plane W Logarithmic law
S Logarithmic law
Floor Adiabatic

Y o X7z Figd, SVEB5M: 7% Tablel IC/R9, ZE~FiED
8.0mx32.85mx3.6m(H) D K ERZEICB T 2 EHGE
Rz tdfg L CB 0. Jb - A s 22, PHE DV T,
FTEDBEEICHET 5, /A Y ¥ 2f@id 50mm THO |
OGS Ay al@t BN 15 RIcAS &SI Lz,
Table2 IS SAT 2R, B ZERIT N U TR E
A EERL, HRAZHE U RRAEERmICS X
Too JEEFREIBERE X v > 2 RIS U JEH & BT OEL
RERE 5 Z | BRERE R 30°C THEE L CHRAZ
fR Nz, HEHIBELR OB TH O, HEHRIZTHIHK
FLAEW, BHIA, a—)IVT7 54 RERTENIC
AL, B—=)VT7 T4y RENHIELTHDFAT S & &
Z. HE AR ZEZNCERET 5729, HHASTRICH
TR a—=)VA7 ) —VOHNBAIEEZFEL, R
T2 FBER & U CTENREIC G A T RHTS
BODOZEHY AT INE 24 5D PAC &, SV50E AN OV
FETRITS 6 B D HP T 71 b fia B FRE%  (Heat
Pump Dessicant Hummidity Control OA Unit) T # i & 11
%, PAC [ 50mm>400mm OWH LA 5 30°C DA -
TEJEE TS AR ZITS. 5 PACIKK., KT 0¥ —
T2 RE U IGARREDZERR (26°0) 175 K 1,
P HilH TR UIRE 2 3% %, FRIE MRS 1D
DOAREKICDZ 2HHDIAK » P Z—IF V1= b2 f
U EREIRE THICH U TRhE A R EIka&iz1T 9,
2.2 RS

fie BT 14 72 Table3 1, BERCE /ST X — X [X] 7% Fig.5
I, fRHT A7 Tabled IS 7RG AT & E | R NT 72
3000Cycle 175 7214, 18NSR WA UTIE

Front-view A

A Side-view O-VleW A
Fig.4 Mesh Condition (Case 2)
N Table4 Analysis Case
PR S . 1t1 1
S T RN M Position & Size

S Dm R Case|Membrane Ix Ty Dm

1 X - - -
-~ T[22 O [3.400 [ 2300 | 400
Fig.5 Membrane Place |_3 O 3,700 | 2,517 | 200

TEH RN 2170, 200 RO R 72 I e IS
LicbkHBizl, BEEITD. ZALAT Y TN A Y
¥ 2l 50mm & PAC W LdEN S 7 —F V37 0.9
FEEICR D KD ICEE LTz, #HTIZ® PAC D H TZEGH
217 9 ISR, @R A2 2 0E U A SO
MIHRBEZ DT 26, &1 3 ST 21T o T2 BRI
Yt & [EH 2R v oS VTR LT D, 207k
HEEMENR L BEHHC K BB 211730,

23 fRIAHER

Fig6 ICENIRED - WMl MY 2 —K7=zR
To IKFEREDHBE T —AMICKERAZITEL,
25.5~25.7°C OFIH TR —RIRE DA DIERENT
BO., HEGREDN S DRREMNPHIEOL Ty ML
TH o 7zh, PACHIEL < filf X 1, @ y)ic 2L
TETCWBEEZS, —J7. HMERED A - Fos Ml
& Case E] CEEMNR 5N, Case 1 Tld PAC OWRH LA
A E R REEICERE U, WEIC 0.6m/s HijFE D AT
TR SNS, —J7 Case 2,3 TlEZ DK 5 R
TR RLNEZV, T, PAC FHICREEI N
IS U SO E 22 U 72k, MEZ& & LT O
BRI S FHEHAE B T b e EZ BNS, HIC,
Case 2 & [EEE LT, Case 3 TIE(IEICHB N TX D —
TSI IE > TWVWAB T D, JEEEREED E D
TOED TG A B EBNRENT EHAREENS F Tz,
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Case| 7058 Air T tur Scalar of Veloci
ase| g tion 1r Temperature calar ot Velocity

Height
1.1 m

HA-A

Height

Height

A-A'

B-B'

[°Cl
22 23 24 25 26 27 28 29 30
*4 (13 A_AV 2

[m/s]
0 02040608 1.0 12 1.4 1.6 1.8 2.0

and “ B-B' ” are the name of the cross section view drawn in Fig.2-b.

Fig.6 Distribution of Air Temperature and Velocity
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Table5 Evaluation Index [ AVERAGE || 2782[w] || 2713[(w] || 269.71w] |
o, (e} o 0, 0,
Case| ¢,[°C] | ¢,[°C] | ¥, [m/s] | ¢,[°C] | PD [%] |ADPI [%] W X 3288 | 290.4 3710
1 26.0 25.8 0.126 0.135 3.43 99.2
2 | 258 | 256 | 0100 | 0338 | 191 | 9938 U | v ||2880284.9] (3004|3103 ] |319.8]33938
3 259 25.7 0.097 0.713 1.68 100
*5t,4, PD and ADPI are mean values in occupied zone. S T 272212527 1280212932 | | 269.4 | 308.5
Case PD
Q R 231.1 |1 240.5 | | 210.5 | 252.5 | [ 203.3 | 216.9
1 o P - 354.8 | | 265.4 | 348.5 | | 266.3 | 351.3
M N 248.9 1 280.5 | | 203.7 | 363.9 187.9 -
g
@
K L 300.5 [ 294.6 | | 197.8 [ 308.7 176.3 | 232.5
2 1 J 244.21250.0 | | 167.2 | 228.2 153.2 | 269.6
G H 2723 1221.1 (2399 |321.8 | [222.8 | 340.7
E F 234412448 || 163.0|235.2 157.2 ] 211.7
. C | D |]290.3280.6]|181.3[287.2| | 170.5 |282.9
A B 281.4 1 293.0 | | 246.6 | 311.9 | | 235.7 | 336.7
[%]
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 a.PAC Name b.Casel c.Case2 d.Case3
Fig.7 Horizontally Distribution of PD at the Height 1.1m Fig.8 Amount of Processed Heat by PAC
33MREER 5.8bYIc

Table5 | ZFA S &S B2 . Fig7 105 & Lim I 3503
%K PD 342 i 9. PDIEREMICHE N T 4% LUR
EENTRERME S NI, Case 1 & IR L T Case 2,3
ME 0 &M & 75 > Tzo FIRRIC, ADPL & 2SR B0
T99% LI L BNTAERTHD, MERAETEHSD
Case 2,3 HY Case 1 ICHANEFH & 7o 7z0 FEREK D,
AT B L TREABEEZ K L, BENEREONK
ENMRMEEND EEZOND, &I, 32 b7z
ADPI D& DFRAINC & %, ADPL Ml Kl T
%L RHEIRETH S,

4 . PAC \MIBEAE

Fig.8 IC PAC DL R O > % — X% 7”kT, %% PAC
DA [ TEAZAE & WK HE U L E B EAE 0 72 2 I EA
& L7z, Case 1 LLHBEL T, Case 2,3 TR PAC
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Bfat (VEED S OEFREN, B SOHHEY Z1b - 5l
DIVEEL XY X—Z DR & DRERID 5% 0 Zin5%0C &
DRI LTzt b b EZ B, Case 2 LI L T,
Case 3 TRZDMEMA LY Ao, KEdEICK->T, X
D SRS BWEENTRETH 2 LB Z B,

e
ADPI : Air Distribution Performance Ind: [%] K:#FFETRLE— [m'/s]
PD: Percent Dissatisfied [%] teq: BFN KT 7 MEE [°C]
to ARSI AL [°C) t, BRI [°C]

ty o RFTAESURE [°C) Tu: fLIRHEEE [%]

V, o R JEGE [m/s) Ve o R B [m/s]

A TIE, PAC EERHZEH S AT L2 69 22
DR B 2 R E Ul CED il 2110, ENORTME
RoftEZ1T5 & T, LFORHIRZR 2,

* PAC DA W TR B AT & 5 thE 22k & IR
HzEffksIc B 2 O REME%Z PD, ADPI %2 VT
1T TehbR, R 2R R A RE 2 K L. =
DHE % Rk EDRETH S5 EHE XA B NS,

- IR B < 3% & PD, XU A—ZBYLEEN K D
deEENT e 5, REEOEEEANREE NI,
SR, BNERAAMORE L Z &7 CFD i@t

TIVOREZTTD . Tl RIEEEZ/ ST X—=2E L,

A & BNSURTEIRDBIFRIEIC DWW T K D REll R Mt

21T 5 M, R 2 FTRE & 5 B JBER O CFD £ 7))

RO, ZE O 2170 TETH 5,

BESHR

DETFH#ER , IRk, BOKERE , JUmIEES , e, et
3 PAC 72 AW T2 RO H U 22 i D 1 5 TEREIC B 9™ 2 i 9%
(T D 3) Z2a ) AR & R RERIC K B IRE M O
af. ZEAGHAT - B TEAR AT R SR 2018.9

2)ZESERAT - i TP - 22 KGR AT A T2 (1) 2450
el 55 11 i, pp.40, 1989

3)ASHRAE # : ASHRAE HANDBOOK FUNDAMENTALS SI
Edition, pp.9.14-9.15, 2013

4)ASHRAE i : ASHRAE HANDBOOK HVAC Applications SI
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Cooling and Heating Performance of Ceiling Radiant Membrane Air Conditioning System with PAC

(Part6) CFD Analysis on Airflow in the Space above and below the Membrane
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Mari KURANAGA"™ Toshio YAMANAKA™ Tomohiro KOBAYASHI™
Jihui YUAN"' Narea CHOI"' Tatsunori MAEDA™ Fumiko KAMIMURA"
"' Osaka University "~ Takenaka Corporation

The authors suggested ceiling radiant membrane air conditioning system with PAC. In previous study, the full-

scale experiment was carried out and the heat transfer model was constructed. In this study, the indoor airflow

pattern and thermal environment of a room with the air conditioning system was estimated using CFD analysis.

However, there’re problems about convergence and modeling of the membrane, such as porous material. The

membrane was modelled as a plane with the pressure loss, and the radiation heat transfer was not calculated at

this stage. Additionally, the amount of exchange airflow through membrane was also calculated in this study.

LI

AR D T, BRI 2R O W ETEREIC OV T FEK
FEBREITV, TORRE L LICEATT LVOEEE B
L7z, L2 L. ABEAE TV CIEEEM 22 SR 0 A <ol AR
BEOEEIIN#ETH D, £ 2T, A TIL CFD fi##Tic
LD WEMERED PRI TFEIC O W TR 21T - T2,
CFDET U v Il him> TLUT o0 AN ME L
oty 9. A2 TR TILIPAC bR SN T-IK
EOELRPE LI E AT, BEORKEWESN
FEICFET D 2 LI LD REERRMHE PR S D
ZEmD, EFBTREOIRMENSMEE EZ X N5,
Z LT, KD XD 2H WS Z2 T 217 O BE. [A)
SEOENRKEAEL DHEKEZRE L ST D FE?
DHWSERDN, ZOFETERFO ARV EZHETE
RN RIHAT & RIRC SR 2T 220 809

B U TR EZIT o7z, ZOHEN D EMRRERT
/BoNDMB, T MERDT R OFHEAR PR & 72
5o AHTIE, ETROET Y 7 ZEHOENE & L

THENBEREE A5 2 LTV, BEHEEZTDTITH
BRI K OVSUEIER DA 24T - 72

1. BABE
1.1 &z

R CORKRER=EZ T L L TRITZT-
Table 1 CFD Analysis Condition

CFD code

STREAM V14

Turbulence model

Standard k-€ / Low-reynolds-number k-&

Finite difference scheme

QUICK

Initial temperature

20°C

Inflow temperature

Flow temperature from PAC
(measurement value at full-scale experiment)

N - 3 _ Inlet Defined flow rate
REBHD, 22T, ZRLVIIHARFHOAEZEEIC  Boundary
- w condition Outlet Pressure outlet
; S
mlet\g wﬂe LZ § Wall Thermal isulation, No slip
AN -3 Time step 0.01s
Number of cycle 15,000(steady). 20,000(unsteady)
Membrane Number of cells 1,102,572 /22,631,581
Membrane modeling Pressure loss (resistance coefficient = 5,698)
W
=
=4 | e |
Blacklump E H
Heat source  (53x4W Attic Attic
«(1 OOX\4W) / Membrane Membrane
.—EA_AE_ " . 7?/
——= - I= 0\
anke
Indoor Indoor
g EEANS O
X | == . .
4010mm 350mm TN | }'mﬂ W

(a) Isometric

(b) x-y section

Fig.1 Analysis domain

(c) y-z section

(d) x-z section
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Table 2 CFD Analysis Cases

Method Number of Turbulence

meshes model
Casel Standard k-¢

Steady 22,631,581 Low-Reynolds

Case2 -Number k-g
Case3 Unsteady 1,102,572 Standard k-¢

(a) Small (Casel, Case2 ) (b) Large (Case3)

Fig.2 Mesh condition

7o FEATZEM DX — A X & OV X % Fig. 1
(2. FRHT S0 % Table 11279, FRATfE L O ~F #1013
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Fig.3 Temperature and Velocity Distribution (y=2,660mm)(in steady cases)
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Fig. 4 Change of Temperature and Velocity Distribution (y=2,660mm)(unsteady case Case3)

Membrane
Yy /

0.1m/s : —
0.5m/s :

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 [°C]
I N
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Fig. 8 Distribution of Velocity in Vertical Direction on Horizontale Plane (z=3,140mm)
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Cooling and Heating Performance of Ceiling Radiant Membrane Air Conditioning System with PAC
(Part7)Effect of Small-Sized Axial Fan on Exchange Airflow through Membrane

ObAf L+ (CRIR)
INBR IR CRBROKRS)
BT CRERORTF)
ok HEL CRBROR)
B WL (b Ess)

Fumiko KAMIMURA"' Toshio YAMANAKA"
Tatsunori MAEDA™ Mari KURANAGA™

Jihui YUAN"  Narae CHOI™

i ek CRFRKF)

=M CRBRRS)

AT FEAD (77 TS E)

ABR A (P T S)

HEF B (P DB E)
Tomohiro KOBAYASHI™

Yusuke KOBAYASHI™ Hirotake SHINGU™ Ryo NAKANO™
"' Osaka University ~Takenaka Corporation

In the previous study, the air flow rate through membrane was small. Therefore, in this study, the cooling performance

verification experiment was conducted in an experimental room where four small-sized axial fans are installed to increase

the air flow rate through membrane. The knowledge of indoor thermal environment and air flow rate through membrane

were obtained by the experiment. In addition, the effect of membrane with small-sized axial fans was compared to that

without small-sized axial fans in this study.
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Case4 0 0 § <
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TR I E /50 Fig. 2 1> P1 ~ PS5 THYE I E S12 7 Fig. 3 A-A’ elevation
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Fig. 4 Temperature change ( 0 time of circulation by fan)

Fig. 5 Vertical distribution of temperature
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2. REHER SEKEOBICHPITR LT, 77 VI K DIEBRER

2.1 PAC OEERikiR

Fig. 4 |27 7 T X DPEERIE4K 0 [7] /h S_AFITHWT D
TE IR IEHERZ O ORERRE AL 2R3, IRETAE
BRI ZEE) LTV DA, Z 4L PAC 7% ON-OFF % 1)
WL CGEI L= EEZBND,

PAC OF%ERE S/ Tl % &, PAC @ ON-OFF
A L AIRE OB ELBORMOE S, #ER
FEMME 19°C THL 2> THEY, PACH LD £ DER
UL TWDHZ ERbND,

FNELIELEE 4> Af (Fig. 5, Fig. 6) Tl&, AV LEH N/ E <
RBEOEBEPN/ NS VHOHMATO | B OT — 2 %2 ¥ L
7l % H L7= (Fig. 4),

2.2 SRERES

Fig. 5 |2 PAC O % TR 19°C, 22°C [T DWW T4 7 —
AT LSRR E DA 2 n T, WTILORETE
EES NS —TH Y . FL+100mm & FL+1700mm & 0
ETFIREEED 3°C LIN Y &0 9 HER i & el TR |
FNIIERIBEN E S 25,

7 7 A L IR S TR 5 &L TR
MREWZERE T ZEMOERIBEENMEL . BEDELD
HlBEZHNDE, £, BE - BT OZEKIRE RN
INENZ LD, BEETOEGHEELTNDEEZD
na,

2.3 Yo—JRE

Fig. 6 |2 PAC O TIRE 19°C &£ icB 757 u—7
IR & 22 0RE OB A O & R s, &7 —A%iE
LT, BUWIETIEZ o —7RENMELS . RWAE T
Ja—T7RENREL Lo TEY, BELIHTIEENL DK
T, | TECTIEREMAD D OB L D B8R K&
W2 EBRZZLND,

Fim, BRIEEL 7o —TEEORNBNANED D G

0[] /h Z5fF & bhili L C. fEBRIEH 4, 8 [B] /h & Tld
W TRID ANBED Y BRI > TNDHZ Enb, K
DD DTS OFBEN/NE L 77 OB I3 T 220
~OWBNRIZGZ DHEBRRENVEEZ DD,

2.4 T|EKEDETE

RIS RBEDEED -, & EZ2[E T CO, I A %%
ESHTEEDOCO,RBEONIESZ %, BT « K%
M CO, IEZ LT D (Eq. 1), (Eq.2) DX 51T T, K
Fol-REMEME/NL BT DL, /b _FikE
HANTQO, ~0,2KkbD, ZDORE, BET -« B EZEMOR
BINZ 2G50, (Eq.3), (Eq. 4) 271X 91
U7z, Fig. 7TIZAZMZEREREOMEX %2R~

C¥1 = CF 4 (€0 + M — C3Qs + CF0s — CF0) 5
(Eq. 1)

mﬂ:w+mm+mm—¢%—@@é?ﬂ@”
i

Q1 —Q2—0Q3+Q,=0 --(Eq. 3)

~Q+Q+Q5— Q=0 -(Eq- 4)

Table 2 |ZAZHZE R & Q), O, 7§, Case2, Case5 Tl
7y roEEE Q, Pa—EH L TW\WA A, Case3, Caseb
THEH77vORELV S O, NN SWFERE -T2, 2
L, 77 CORENPKRELS R DITE, ERZEZEILO
WERRELZ, —EOZERDNE L2205 AMAlZE
AR L TWARBEERSZ 2 b5, £1-, F—XMD
P ZAT I 72, Q) 0,122V T, B —ATOWEL
Fig. 8 [Z" 7, 7 7 VT K A PEEREIH O [A] /h 554 & b
W95 &, TERBRIEIH 4 [A] /h TR 2.5 ~ 2.7 {510 &
L. JEEREIZK 8 [0 /h THRI4fFICHELTVD, 2k
D, EEREEPRKE VT ERHBERTENRRKE S R>TE



ZEECANRN - A L S

A-5H TR R AR (2019.3.11)
Table 2 Flow rate thtough the membrane PAC
.| Numberoftimeof pocot temperature] Air flow rate [m3/h] / ~ 0
Condition | circulation by fan o 1\} Attic Ca 3
[time/h] ol e [0)] 02 - _T _________ 51>
Casel 0(0) 82.5 89.5 0>
Case2 4(230) 19 216.7 | 237.1 Outer
Case3 8(460) 320.3 | 348.8 space Indoor
Case4 0(0) 835 | 929 Co Ci
Case5 4(230) 22 209.4 | 2305 0 (_: 03
—
Caseb6 8(460) 319.0 | 349.6 - —
(Air volume of fan) Fig. 7 Schematic diagram of exchange flow rate
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Fig. 8 The air flow rate through membrane
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Fig. 9 CO2 concentration change (Preset temperature 19°C)
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A Study on Semi-Displacement Ventilation using Radial Wall Jet
(Part 15) Improvement of Simplified Prediction Method of
Vertical Temperature and Concentration Profile using Block Model
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The Impinging Jet Ventilation (IJV) system is an air-conditioning method to form thermal and concentration

stratification. The authors aim to establish a simplified prediction method of vertical temperature and concentration

profile based on the Block Model. In this paper, as a numerical experiment, a parametric study on room conditons and

supply air conditions is conducted. Assuming those results as true values, prediction accuracy of vertical temperature and

concentration profile using Block Model is verified. Also, an appropriate method of inputting diffusivity for turbulent

thermal diffusion and mass diffusion which greatly influences the vertical profiles predicted is shown.
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Fig.2 Analysed Cases of ILV Supply Terminal Arrangement
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Fig.7 Vertical Concentration Plofire Predicted
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This paper focuses on the air-conditioning system using personal air supply unit for energy saving. In designing such a sys-

tem, CFD prediction seems to be beneficial because local environment around an occupants is important in such a system.

To simulate personal supply airflow by CFD, a large number of grids is generally required, which leads to large computa-

tional load and difficulty in the analysing a large space. This study aims to propose a CFD modeling method to decrease

the number of grids without loosing accuracy, and the momentum method and P.V. method are presented in this paper.

1. [ZL&HIC

WTHELT7 4 AENVICBWTEHEZ RV F—|ZMZ T
ERE OEECPEME N LOBE NS X A7 T o
T2 FEFOEAFINEML TS, FD XD 7
FOH, TEEFME A DT EDOETBRREZ M T
X DHNR—= YR - ERESER ST P A
METIIRIEF ¥ o =2 HOCERmALRIEND
DT ey NERE =Y FNVEFREMAE DY
EHRCEBRB LTS, 20X RV AT LDFHE
K ONE ARG I, B 2 Wk R O B 5 R RS
Trexzy PRI EDOREL, EHIZIFEENNES
ROIRE AR AT TR B E 3R 7 AT S o 22 &
720 BUEFRIA % (CFD fijgtt) BNAE#hE S 25,
VA S AV SRR e R - PN ARE R R R N = R
572, CFD CTHHET 572X O fFiz s
TREfl7e A v v pEIRRD B D, AL T
BE /N S 72 A XD A7 B To8— Y LR
MEMRRT D HREFGLE L TWDER, KB
EHETHHBEERICBWVWTIDO L ) I — Y FL2EH
7 exr MNER LT 2 BRI E 2RO T
W=V PR EEUNCHAATD LIRS D, &
DOFEE, WHOTBEICADLELZEMR A v 245E8T
XFHEAMNERT D, T2 T, —EDKE 2 HLE
L7z L CHEAMAZEKBIE S Z &N RE2RKH
HOETMMERAENESE XD, WO OET EIZ
B9 298132 < IThRTWD R, AR TIEEHAN

B Ay 2 Ay B AR L LTS — Y Ik 0~ (1) Enlarged View around

Momentum ¥ + PV. 1“0 a3 5,

2. CFD @t &

PEH” Tl 2.6 m, BATX 15m, &S23m%
fEATREIR L L, BRI A v v a 3B EITO L THE
WREBE /8= Y AR 2 B9 25 2 & S ATHE
ThdZ MR Lz, OBV EEMARNT O
A v ayB % Figl lRd, L, $BE=ESKRT
ENTZAITH) Z e H2BET D&, IO A vy a
SSE R ZDEERERICEAT S = & kb EARR
WRT D70, SN—=YFARE 00T AL EIT 9,

2.1 Momentum ;= ®M#E A

Momentum 7% X i A BE St i CTAS 8 L 7-E ) & 2 &
BRIy —RETHET 2 HETHY, 22T
IXRERARAT & [F W A X OfRAT Rk & kP51, AKFEH
B O A X% 50 mm + 100 mm D 2 55F L L Cfig
a1, 728, &S HME 50 mm 25E I TH— L7,

R AIZ DO W T HERE T X RO T o2 fl

275 45

27.5 -
1

XMz

Inlet

=

2,200
T
it
N
5

11
i
[111

= Outlet + = Outlet=

100
T

2,600

L J L

100

dimension in [mm]

(2) XY Cross-section
Inlet Boundary

Fig.1 Mesh layout for CFD Detailed analysis



50 mm Mesh 100 mm Mesh
§3.14m/s 3 0.78 m/s
= Momentum = Momentum
' Source — Source
§ Density Density
S
g 138 N/m* 80 N/m*
(1) 50mm Mesh (2) 100mm Mesh
1. .
53 m/s 4m 314 m/s 0.38 m/s 4= 078 m/s
= Momentum = Momentum
Source Source
Density Density
- 3
P, 133 N/ Py: 19 N/m
P,: 138 N/im?® Py: 80 N/m

(1) 50mm Mesh (2) 100mm Mesh
Fig.2 Schematic of Momentum Method

DM % REBIATHRNT 24T 5 A3, Al ClLE# &L Y
A DOHITH L TH 2, BETIEXES b EH2TW
%, FOMEZ Fig2 |Z501, 2 CIXHEATIE & 7=
D OIEEE pVAIN] DRErE, WHDOE FO 1 A v
Valty—2RmE L CEHRRARICMHE LI, R
AT CIX 28 CMH O K H R & & T x5 & LT 5
Todh, FEMRAT LR R EE B IS EH 2 L TR
RGN E < 72D, WRABESR O T & BT, 50 mm
Ay af T 314 m/s, 100 mm A v 32 5T 0.78
m/s & L7z, 50 mm, 100 mm A v 3 = Scfb &2 %65 &
L C Momentum %3 FH O 8, B 54 ($hE Fm
TR - RO OF 8 S TN E21T 5, ELIE
ETVICITRTHR CREEZ /R LI E ke T V52 H
V., SIMPLE & CEF T 24T > 720 A TITHER "
D FEAMENT O % EAH & L Momentum % % 3 L
7o 55 OFFNTREE & FGIET 5,

2.2 PV.ZEDEHA

PV, BT ABL RS IR AR B A D 7 JE
hH Z, RATRHEIEAN ORE R VICEGEEZ BLE L TE
DONLE CARKFFOREAEZ 525 HiEThHDH, KR
FFZECIEXMR I O 3 28GR E S V7o R~ H %
HELIERHOTD, S RETABGEELVED
BEHTIELORZREEZHRET L2235, M
ET D U OEIFFERBENTIC B 1T D Y%A v o
s SALE O KB JRGE & U To, fRET ST
Momentum 7% & [AFRIZ 50 mm, 100 mm A v > =, J&l
M2 E LR, 2RI TREBRESS D 3
M (Y=125,225,325) i% & L CTaF 12 St CHT 217
9o ARHTO PV IEDOHEZFEHIZ Fig.3 ICFL T,

4. FRATHER
4.1 SRE T M E R &

FRIE R E RS2 R4 & L C 50 mm, 100 mm
A w32 C Momentum £ . PV, yEE AL A 72

Vertical

©
c
[s]
S
o
(a)]

S - R TR
ST R R AT (2019.3. 1)

sFixed Value sFixed Value
§3.14m/s 3 0.78 m/s
11171 u=0.01m/s \ \ u=0.00 m/s
—y=125 v =312 m/s v =148 m/s
w=0.01 m/s w=0.02m/s
k=1.18 m%s? k=10.63 m¥/s*
&=139.28 m%/s’ &=18.09 m%/s*
(1) 50mm Mesh (2) 100mm Mesh
1.53 m/s @ 314 mis =Fixed Value 0.38 m/s <= 0.78 m/s =Fixed Value
[] :‘12.‘1 ‘ u=151m/s [ [ u=0.58 m/s
v =3.07m/s v=115m/s
‘i w =000 m/s :‘H w =0.00 m/s
k=1.04 m%s? k=0.48 m¥/s?
£=139.68 m%/s’ &=14.00 m%/s’

(3) 50mm Mesh (Diagonal) (4) 100mm Mesh (Diagonal)
Fig.3 Schematic of P.V. Method

LA O JEGES A & Figd \ZoRT, £7-. a4
& UTREH ORI OFE R A2 bW TRd, 50
mm A v o CRHEEHOR KEZHHRT5Z L1ET
T TR S, FRJEGE 0.25 m/s O 2 2 R EE XA 2 —
HELTWD, 7250 mm A v = O M LSEMC
H EGE OB AE T/ E L 72 2 DA K& 7274
LAy, ZHURER 45 mm OMJE A — 50 mm D
EHFBIC LIEEOESEOEN NS BEETH-
Tl EEZLND, PVIETITEEO R ER S I
B B3R A 0.5 m/s DALE F CTOFRIEIEREH <
Momentum {£ED 7 A FEE DN EOAER & 72 o T,

100 mm A v > = @ Momentum % T I 7% Bl 0.25
m/s OEEFE IR L TRV, EEEL 51
52 & TRMMR TR IS Z E RS
oo ZORENOKREAODRA v 2 3ERHVIE L
M U SoF & el U CRENTHS FE O AL MR S
FHXFAYIZ Momentum V5D FH IMER B £ 5D 2 & SR
SNz, Lo LERJEGE 0.5 m/s OFEHEEZ R CTHh 5
& 50mm A v v b L FEERICHE . B IX T
SFEESVER N, T, PV.IEOKRE LD & iREE
0.5 m/s OBFEHEESHOCTE Y. Y=325 mm O 5
TIXJRE AT b M ARAT & RIER O 2 R T 5 R &
720 . Momentum 7% & Ll U CHIUEE M ) L7,

42 RHAEMREEE

ATEIEIER. BHed J7 MK HH Sk O TS e % Fig.5 I
F O TART, 50 mm A v ¥ = 55{f T Momentum 7%
FIEPVIEZEH LG, L TERMARNT & T
WEGR AR 233 H LT %, 100 mm A > ¥ = T,
Momentum £ O F L 72 856 (2 &% 0 21 32 B A3 5
ONTIIW B 28, FRJEGE 0.5 m/s DONLE O B 2K
VN, PVIEIC DWW T Y=125 mm 55t TRIAR IS K E
DAY 225 mm DOFERE R D & ST O R &
bR E L —B L TWAH Z R3S n5, PV. ik
® Y=325 mm §AE Tk, 125 mm §EE & TIERVR



P.V. (Y=125 mm
0 _ R
200
400
600 1.0
.
B 800 1o
[4 £ 1000
= -
= £ 1200
(=]
S © 0.5
b > 1400 ;
1600 0o
1800 0.5
2000 02 i
2200 0.25
200 0 200 200 0 200 200 0 200
(1) 50mm No Deal (2) Momentum (3) P.V.(Y=125)
0
=
200
400
600
‘T 800
e 0.25
B 2 1000
=
E E 1200
(=]
Q
o
B > 1400 0.5
> 0"5
1600
1800
2000 025
0.25
2200 ] e

0 200 -200 0 200

200 0 200 -200
(7) 100mm No Deal (8) Momentum

(9) P.V.(Y=125)

%’i%ﬁﬁ*u . ﬁfilié:&%’%x%ﬁ
FETIIEIE R SR (2019.3.11)

1.0
0.5
0.5
0.25 0.25 WE
-200 0 200 =200 0 200 -200 0 200
(4 PV(Y=225)  (5)P.V.(Y=325) (6) Detailed

-200 0 200
(12) Detailed

-200 0 200

(10) PV.(Y=225)  (11) P.V.(Y=325)

X Coordinate [mm]

0 1.0 20 30 40 50 6.0[m/s]

Fig.4 Contour of Velocity Magnitude in the Case of Vertical Supply (Top : 50 mm Mesh, Bottom : 100 mm Mesh)

FRJEGE 0.5 m/s OEGERRENE L 7o T D, Zhb
DOFRERMND . FHHEE TIEA 100 mm & L TRbD
R CPV. IEZE AT 2 5A T IXHE Fr &4
PR L CREE A2 BLET D O ENEE E 720 |
AR THRGR L LR RIRIZ DWW TR IFED 6 225
mm ONLEOFHEASE T ITHET 5 2 & The b aEAfRyT
L 72T,

5 F&0

AR TIEFHAAMBEAE BN E L, FEETH%
{KI8 L € Momentum % « PV. {EO @A L 7= /3— > F
VIR D RN % 4T - 72, Momentum % 1% 3E M AR AT &
el UCHBREE I+ S IEE WSS & D08,
FERARAT O B AR (2 UT S < TS DAL, FRICH
WEHEIS T D6 DA M2 R L=, PV IEITRND
J7 AR I B0 C Momentum ¥ & EREE L Co—
IV D SIMHEIR D FFBURGEE 2N i Vs R a7 LTz,

SE X

1) AXK. Melikov : [Personalized Ventilation| , Indoor Air, Vol.14, Issue
Supplement s7, pp.157-167, 2004

2) R. Li, S.C. Sekhar, A.K. Melikov : [Thermal comfort and IAQ
assessment of under-floor air distribution system integrated with
personalized ventilation in hot and humid climate | , Building and
Environment, Vol.45, pp.1906-1913, 2010.

3) M, BBER , BRES : [8— Y LTS AT A OPERE R BY
T HMITE) |, ZEERN - B TR R AN R SR 35 3 5,
pp.89-92, 1-48, 2016.9

4) P.V.Neilsen: [Description of SupplyOpenings in Numerical Models for
Air Distribution] , ASHRAE Transaction, Partl, pp.963-971, 1992.2

5) Bl EHES T3 A7 LRI B O FEMEIR I e %
5% 2 BN OBEBL LIRS R CFD fifHTIC K 28, AR
RGP BRBT RS L 5 77 & p.55-64,2012.2

6) FHE , B BKIED - (54 VBT ¢ 7 2 — & 7250 CFD
fRHT IR BET D TR (20D 5), ZE5FHAN - fiTAd Lo Al i
DGR CE |, 55 3 % pp. 209-212,2016.9

7y VAR, AR R S s T8 LR AU B 1 B R L A O
CFD it FHEIC BT 2898 (2 1) |, 225G - fird Lk
WIHR AT TR R R R SCEE L A7, 2018.3



ZEECANRN - A L S

A-7 SRR LT CE (2019.3.11)
50 mm Mesh 100 mm Mesh
2 0 2 0
200 200
400 400
600 600
800 4800
1000 4 1000
El ] )
1200 E 11200 E
> 1 >
1400 11400
1600 41600
1800 41800
2000 42000
12200 ’ 12200
-1200-1000 -800 -600 -400 -200 0 -1200-1000 -800 -600 -400 -200 0 -1200-1000 -800 -600 -400 -200 0 -1200-1000 -800 -600 -400 -200 0
X [mm] X [mm)] X [mm)] X [mm)]
(1) Detailed (2) No Deal (7) Detailed (8) No Deal
— () 0
§ 200 200
400 400
600 600
1.0,
800 800
1000 1000
_ 0.5 _
1200 é 1200 é
>~ >~
1400 1400
0.5 1600 1600
1800 1800
2000 2000
0.25 025 ]
0.25 2200 12200
-1200-1000 -800 -600 -400 -200 0 -1200-1000 -800 -600 -400 -200 0 -1200-1000 -800 -600 -400 -200 0 -1200-1000 -800 -600 -400 -200 0
X [mm] X [mm)] X [mm)] X [mm]
(3) Momentum (4) PV.(Y=125 mm) (9) Momentum (10) P.V.(Y=125 mm)
0 0
200 /| 200
400 Q 1400
600 1600
800 7800
1.0 ]
1000 71000
1200 é 71200 é
1400 7 0.5 11400
1600 05 11600
. i
03 800 11800
12000 12000
025 025 2200 0.5 0.25 2200
— L L L L L L L L L L L L L L L L L L L L L L L L I T T T T T - I N T T T A i
-1200-1000 -800 -600 -400 -200 0 -1200-1000 -800 -600 -400 -200 0 -1200-1000 -800 -600 -400 -200 0 -1200-1000 -800 -600 -400 -200 0
X [mm] X [mm] X [mm] X [mm]
(5) P.V.(Y=225 mm) (6) P.V.(Y=325 mm) (11) P.V.(Y=225 mm) (12) P.V.(Y=325 mm)
(T T T T T
0 1.0 2.0 3.0 4.0 5.0 6.0

Velocity Magnitude [m/s]
Fig.5 Contour of Velocity Magnitude in the Case of Diagonal Supply (Left : 50 mm Mesh, Right : 100 mm Mesh)



TR - A TR S R
A-8 SR SE R F A OTE (2019. 3. 11)

HRTZRNF—Lb— MRV T2HATIRER T TERXBHNGER L AT LOEEH
IR e OEL 2 —va v
Outline of the Study for Practical Use of Thermal Radiation Air Conditioning System from the Thermal Storage

Concrete Slab by Using both Natural Energy and Heat Pump, and Indoor Environment Result by CFD
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Tamaka Ohno*!  Chikamoto Tomoyuki** Kobayashi Yoichi*?

*1 Ritsumeikan University *? Yasui Architects & Engineers, Inc.

In order to reduce COzemission from air conditioning, use of renewable and high efficiency energy is effective. Thermal
radiation air conditioning system using both natural energy and heat pump is one of the solution for COz reduction. CFD

analysis of thermal radiation air conditioning system using both natural energy and heat pump has done in order to verify

this improvement of the indoor environment.
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Figure 1 Overview of Thermal radiation air conditioning system
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Figure 4 Targeted room for CFD analysis
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Table 2 Analysis condition
CFDI—F STREAM V14
EFRETIL Bi#ke ETI
AR 9800(x) X 4500(y) X 2700(z)
BRHEAT Fh., B GRE, EHEEE
Hvsas 952560=90 X 196 X 54
i U%3A:600m/h X4 :600m/h
HERE B :0.832W/miK ZRMH : 4.2832W/ miK
BnER 2T:9W/miK
)i E £7T:09
| PIEpREE Afk:02W/m FEBA: 14W/ri PC: 20W/mi
WA XHE HE B FCUMR i BRE
e, Casel 21°C 29°C 35°C 315°C 16.5°C
BE mEE Case2 27°C 29°C 35°C 37.5°C 21.7°C
- Case3 21°C 23°C 5°C 182°C 26°C
akadad Cased 21°C 23°C 5°C 18.2°C 235°C




A-8

3.4 fEATHESR

fiENTZEM A Y it T o 72 o (M5 - X6 i
IREBECRT) EPNIRE A Z X 7~ 10 |27~ 7,

() Bk

Casel Tld, ENOBEEEE L L CRE L= 27°CE T
[B]> TWDED DR ETH DN, Case2 Tid 27°C% LA
LEGDIRETHY | UEET HRLEND D,

(2) BRBRF

Case3 - Cased (2 BAEEEE & U CTIE L7z 21°CEEN
ZEMDOETOETHIZ LT\, £z, KHm LKA D
BRI A% 3R 6 13, B RIE 7273 Case3 T3 4.8°C,
Cased |% 1.51°CTH Y | FHREEE Case3d 1 2.04°C,
Cased 1X 0.79°C T D, ZDIZ &b, FdEEzERH
T HLEAEITE LW AT T E FREEN/ NS L2
LTV EE R D,

4 FEO

AHTIE, AR FLF—L b — MRV T RIS S
IR A T 7 EBATGHAEDS ~ AT A OFEERIZMT 72
WFFEOMEERA & FHEAZ L75A O=NIREERBE
Ral—va B ToT,
Oy a2 b—3g3 T, BEHEERTEN BERRE
U CHFERLCE T2, BER AR I BARIRE 27°C %
R TE 7o Tz,
QA %&IL, IREFHFZFETL, BEY Ial—T a3y
179,

ar
O

AWFFEE, BRETE FRk31~32 ARHECO2H R0 SRR LAY

BAiBags - SmEFE (ART= R AF—L e — MRV T ET 2

R A T 7 EB TR S A 7 MBI S Edfbaze proer
R OAET) 12X D,

& E X Bl - ER

X1) &P - 3K - 2 - iR - Dk - £F - HihE, KBBREE
EFIFAT DRAR 5 TEMBET SRR S AT LICET S8
% (Z011) EEMZFIA L EaesTE. 22550 - #i%
TEEXRE EHEEERE 20154 2015.3 & J-13

A1) ASIBEEERIILTESEICL .
Ver.09 (= - FF DN EMHREDHE IOV S A
Ver.02.01~) TEEMmETESIEEISE] (201744 A)
[ www. kenken. go. jp/. .. /3-4_170403_v09_PVer0201. pdf
)] (&¥%%ER 20092/ 17 BH)

X 2) EEHORHAEREDSAAIIUTEEE L, BER
[F. ERLOTUVVEENAH D=6, £ Case [ZHE L TK
mEE LY 2°CE < HRE,

2SS - i TR S
FAF TS R iR CEE (2019, 3.11)

Table 3 Formula to calculate analysis condition
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Figure 7 Casel analysis result
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Figure9 Case3 analysis result
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Figure 10 Case4 analysis result

Table 4 Temperature difference between ceiling and floor (°C)

X&h 980mm [ 2940mm | 4900mm | 6860mm | 8820mm | EiflE

Case3 1.67 4.8 1.64 0.57 1.52 2.04

Case4 1.51 0.63 -0.09 0.53 1.35 0.786
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Airflow Feeling and Thermal Comfort of the Vortex Ring Supplied from the Ceiling Outlet

O#My IKRES (SZanBER=R)
Jotaro MORIWAK|*!

A AT (GLAEERS) %

Tomoyuki CHIKAMOTO*!

WE (QLaERT)

Myonghyang LEE*!

*1 Ritsumeikan University

The vortex ring has straightness and low diffusivity. Also, it is possible to keep its own velocity. We focused on the vortex

ring as a task ambient air conditioning system in an office. It gives officers an airflow sensation. Therefore, we aim to

improve comfortableness and to create a better working environment in an office. This paper shows the results of the

subjective experiment with a vortex ring supplying device. The purpose is to clarify an airflow feeling and thermal comfort

for the vortex ring of the officer.
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Fig.1 Outline of vortex ring supplying device
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Fig.2 Problem of the device Fig.3 Problem solution
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Fig.4 Task ambient air conditioning using vortex ring
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Study on Application of Desiccant Air Conditioning System in Art Museum

Om & | 8 (Aad&FHRaIET)

Naoki TAKAHASHI*!
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Yoshibumi SUGTHARA*!

(H@uxd’r%\ H%Fﬁi)

*1 NIKKEN SEKKEI Research Institute

In this research, we examined the effect of installing a desiccant air conditioning system in a museum. We created a

simulation model of the air conditioning heat source system and examined the air conditioning processing load. And we

conducted a comparative study on the energy performance of the whole air conditioning heat source system.
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Table.2 Study case by combination of heat source
and air conditioning system
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Fig.6 Example of operation in the intermediate period by the usual air
conditioning system
T 7T T =T o T 1771002
FynytmEns  SREE REsL) |
&
Yk
0015
<
o
] ¥
< )> 001 5
- 0
= d 2
2 g
rd [oENe v
B e = 0005
- - =" T
L1 | == | a1
S =
o}
10 16 20 #KEE C25 30 35
L L 4 B s S B S S S 002
FUnYbEPR  EESE (RDEE ||
64 k//\,
0015
%&zﬁkﬂ/ <
[a}
Ty F
2] 0
e} =] 001 ¥
2 &
> @
L
= Ea 0005
=l | == L [ —
L1 | =] | 1]
= Em———
o
10 15 20 #KEBE T 25 30 35
Fig.7 Example of operation in the intermediate period by the desiccant
air conditioning system

Table.3 Example of load under outdoor air conditions in the

intermediate period (kWh)
iy : W ZET 1 ?Vﬁ‘{]\%ﬁﬁljﬁi
B WAL | GEF | B | RE | AFEF
27C,
Tofke 203 241 444 116 155 271
19°C.
190/ke 139 172 311 164 79 243
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Table.d |ZfRE 7 — AR DO—RK =R X —HE & & COz
PEH R, Fig.8 [Tt — ABIOAFER]— k= R L —1H %
BERT, MO~ A AU RES AT,

AL T2 —2 A-1 GEFEBJRHETZEH) L
T, 7¥—2AB1 BCPEFE+FH > b2e) 1L, —K
TRNLF—IHEET 15%, CO2 JEHET 13%DHIE &
ot

7B, CGSIZXLAFHERIL, TPz TmE L7,

« R FIX—EE

=Kex{(FEHE ) — GEERE) HKex (T AHER)
« COx fEHI =
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4. £L&H
LR D ZEFHER S AT KON T, lE OBJR &
BCP 24, WO E T h v MEROMAE R
KD F—MREE R LTz,
c EHIOLIRARIE Tk v b ZEF T > w2
I THLIN EROLERATHE Tk h e
FR<GEE D2 Lotz ZhUL, @ OZEH
BEOLE R Cd > T HATEDBRIE RGN 21T ©
“OIZ, JBREMTNEEZ 5720 TH D,

< EEOBYR & 22 T, BCPRYRE TV b v
eI 15%E =3, 183%C0: DFRAZHIF T X
LfERE 72T,

Table.4 Primary energy consumption and CO2 emissions by study case

Py O
(A e HE% | vCOJE | HE %
A-1 4,881 100 245 100
A-2 5,035 103 252 103
B-1 4,627 95 237 97
B-2 4,135 85 214 87

Holk=3

— IR —IHE R
Ko : BB B 9.97 MJ/KW 48 9.28 MJ/KW
Kep : A 45.0 MJ/N i
— IR B
Ko @ & 0.493 kg—C0,/kWh
Kep: IA - 0.0509 t-C0./GJ ({E.L. 0. 045G]/N m (FEi3EEY )

Bl
AHFIEE, — R EE A KPR S D EFE S =
EWFFEORRRO—E T, R OB F R B, W Hfed
[ e S = = g [ e S T R A R O /Y A Y AS 5
HERICZR Y F Lin, EREHN-LET,
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Fig.8 Annual primary energy consumption by study case
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Stock modeling of HVAC systems in Japanese commercial building

ofkiR  ZFH(KIRKREE) iRl

Kotone AKIZAWA*!
Kosuke IKEDA*!
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W BETCORBORT) B s (CRBORY) T H
Yohei YAMAGUCHI*'
Hemiao CHEN*'

ekt FEHORBR RS 4 fi (RBROKY)
ERAUN NS

Takuya KITAMURA*'  Bumjoon KIM*!
Yoshiyuki SHIMODA*'

*! Osaka University

This study estimated the present and future share of heating, ventilation, and air-conditioning (HVAC) system usage and

energy savings measures in Japanese commercial building stock, which is greatly related to the building energy

consumption. In this study, we developed a model to estimate the stock of HVAC system and energy savings measures

using logistic regression with the assumption that the adoption of such systems is determined by its usage, completion year,

scale and location. The estimated stock would contribute to estimate energy demand in consideration of HVAC systems

and energy savings measures.

[ZC&HIZ

FeASENL 2030 4 £ TOWRSZIIFA AP H 12
ZED TR EEHMO BEEIL 2013 FFEHAT 4 H & X
NTW5 Y, BEGERO - OIS L —1EO
1772 Ekk 2 ZpcHE IS VTV D08, IREZWIR AT AHEH
BOBITEEAEORE A b v 7 BiHOEHRDZ{b
WED 6N LD THD, TOHTEH, ZEiHEE
R THLER « 2250 AT LDA by 7 RETHRILE
—FERARIOZ I, EEHT RO =R L F—iH
2 K ONREH RS APEHEOHRBIC K & 728 % 5o,
FEENOORAIISEHOERIC L > TRELS BARD
AR R B B AHET Do LT2s > TREIMRIRENR
T AR EOHIB TR MR W CiE, S-S D3R
T OZREMERCIAEN IR A b v 7 NOZAL A& E [ LTl
A by 7 EHEEN L, AR by 7 OBER T RLF—TH
FRIR NN AP B R E T B L TR+ 5 &
NEETH D,

ZDX D FEND AW TIEESS %23V TEL
Wi s BV AT DA K v 7 B =X —FER AR
EEDORRIZ DT A B E R T 2T VBT S 2
LEAMET D,

1. SWAE

Yamaguchi®” 513, ¥ TAE « i « STHE; & o 73
A b L AZBRTEER S 2T DD SN DR 24
T 2EIFET VAR L, 1ERL LTZBIRET V2 35
MERX A b > 7 ST 5 2 & CHASEOEG IR
FABRS AT DA Ny 7 ZWERIT 2 Fikima e LTz,
AW CIXE O EmE S L1, AARSEOEG I

B HER « 250 AT LA b v 70BN X —Fik
BRI & 2 OfEkiz bz 2B b &2 G Uiz, LU R Tl
FTH T NT — ZNOFRHER PRI & BRI 53 2 R
E LT, WICa VAT 4 v 7 [\l O CTEEO R N
PRI RIETREZIH LN L, RIS 5
ANy ZICHEAT 5 Z & CkinER A LR A HER LT,
1.1 BERSDRE

(1) B - 255> AT LXKy

SR T SN A ENR - 25 AT AHER =
EHRGFRICRELS KOG ENTEY, ZOFTHEYRY
A7 LZEA U CI3ENREE SR COff F S L 2 BRBHERI DX 55
LR O DX 370 EOFRENH Y | 2] AT
LB LTI ahiE-cR s, VD Ao J5ik7 e
EDENNT L B DOFEIRE S FET D, ABFIE T,
Table.1, Table .2 D & 9 IZE « 2550 > AT LD X3 % 7E
F#Liz, BYRS AT DZHOWTHERIH T3 o, ik
FHRTS5DIZXKS L, ZD 9 HOD 3 KIFTHONTITHEL
VAT AOFEL XSy LTz, BV AT MOV TIEE
BIHET 1o, FFRT6 DXy Lz,

Table.1  Category of heat source systems
Decentralized or Category Heat Source
Centralized system
Decentralized Ele-VRF Electric heat pump
Gas-VRF Gas heat pump
E&G-VRF | Electric and Gas heat pump
Centralized Gas-AbCH | Absorption chiller and heater
AirS-HP Air-source heat pump
E-C&G-B | Turbo chiller + Gas boiler
Gas-AbCB | Absorption chiller + Gas boiler
Comb-EG | Ele-VRF+ Gas-AbCH
Ele-VRFS | Ele-VRF + storage
AirS-HPS | AirS-HP + storage
WaterS-CS | Comb-EG + storage
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Table.2 Category of air conditioning systems
Decentralized or Category Heating and cooling
Centralized system
Decentralized MUL Package unit system or multi air
conditioning system
Centralized CAV Air handling unit (AHU) +

constant air volume (CAV) control

VAV AHU + variable air volume (VAV)
control

FCU Fan coil unit (FCU)

CAV+FCU | CAV(interior zone) +
FCU(perimeter zone)

VAV+FCU | VAV(interior zone) +
FCU(perimeter zone)

OHU+FCU | Outdoor air handling unit (OHU) +
FCU

(2) B RN F—TFIEXSy

BTN —FEIFEDICB O CTHIRTHOY LD
I TiE < HAGhETEHRHSIND Z b, DM
HE DRI ZIEIE D, AWFIE T ISR 1 AF
B - BT R T — 2 (ELPAC T —Z YIS Tn5
BRI DE T RVFX—FEOERE S L2, 25T
HE TR F—FEHAG DR EZ N OIS LT,
HARMIZIX, ELPAC 7 —# NOKEMIERH & T
WD T VK — AR L C SR (support), fife
1Z ¥ (confidence). YV 7 ME(if)D 3 SDFHFEE 2 HiH
L. ZNHOfEZ S & ITHBELV— VORI ETTS 77
U Y (apriori) 7 /L T U AL Y] LIRHTN D FEE VT,
BTN F—FEOX 2 WRE Lz, (D)A~@)RUZ3 D
DFHMIEEEOE AR, MITT—2 O, X - YIX
TR R=2ANDT AT LEE, cX)ITT AT LERX
EEeT— 4 TH D,

0( uyY)

support(X =Y) = (D

O'(X uyY)

o(X)
_ support(X =Y) @)
support(X)
confidence(X > Y)
support(X =Y)

confidence(X > Y) =

lift(X > Y) =

3

1.2 [ERQFFE

AR MR DHIBLSOBGEZE, IR 2R E D
% TR0k, A 2 0RE-S1T 2 8EHER 0D
BHERR &2 DT 7 2 AATREM: 2 E 2 &8 L CHIT S,
_ﬂ%®*#i%$% BT D D, BMOH

 WETAR - BIBE - STHEHE R O SERAGERFH 2 R E DT
éﬁ%f%ét%i%héoﬁﬁ%T@\ﬁyfw?~
5B EHEIT - fElahEaR - R - PHERRR D 4
DO RITIN TR TAE « HIFL - Sl e o 72
BEOFBINES A Lo, SHERE - 25 AT A A

2SR - R TR AT s
IR R AT SCE (2019, 3. 11)

TRNAX—FTEDNRA SN AMEREHE T o0 U AT ¢
y&@%%?w%%%bkoﬁﬁyx?A’%bf

FT@OHXREAND “Ha AT 4 v 7 Al i@@%
ﬁﬁk#%ﬁk@[“%%mt W) & W5 %I
Y AT o 7 EPFH L W EBISE - PR ENE N
ICBWTERERY AT L2 HE Lz, RBIc@)RE
WD IR VAT 4 v 7 IR K0 EE AT MO
ZHE LTz, 28Ry AT M2 LTI, @Rz Ans
Hu VAT 4 v Z7EIRICE D ENENOZER T AT L%
HIEL, %I*»#~$&’%Lfi@ﬁ%mw5%ﬁ
0YAT v 7 EPFHIZ L V=R —TFHEX S 2 HIE
L7zon X 1~n DY 2 T x, 138V o 7 DR %K

Do D TR AAR DR TEZR prop 1 FFEHE L DR AR
OERMAMEREEZERT, P P IERTFORIFFRETH D,

log 77— = fa+ Zﬂnxn )

= o + Zﬁknn (5)

AR ET, Table3 (I RTIHE ZEE LT, B ILAFIZ
DUV T O SHF B D ZA I L Dkt~
DFEEE L TI0FET L D 4 Koy %ZE L, i
kowf IRGGARBRTTH A~DT 7 & A A[REMEDE
A ~O L BE L BHET V) —F — -
}\D&./;Z’i’?%l?ﬁbto FER ARG Z DUV T A5 -
TR OBEIRDIEY) DR ARATS 5 & AEE Ui A%
LLTEBRE L, A= —FEIOWTL, &8y
D2 AT LOFEEEIZ K> TEHA SN D FENRR D
LHEIE L, Table.2 DZEis AT AOFEE At L L
THEE LT,
Fio, BURT 4 v EIFET LOMEE
Hosmer-Lemeshow test” % FH\ V7=,

Table.3 Predictor variables of logistic regression

FEDRRENTIE

Predictor variable Predictor variable

Year of 1984-1989 | Logj of building total floor area

completion 1990-1999 | Heating degree days[100DD]

2000-2009 | Population density[1000 person/km’]

2010-2017

1.3 EIEAFICAWN-T—42Y—X

KON « SEREFE « STHEHUSR O HIE, ZUR -

ZEI T AT DOEUFHHTIZ IV TITE TR T — %
(A&S 7— 40 B T RN F—FEOEIFAHTIZIBNTIE
ELPAC 7—# X DI L7z,

BEET 7 ) —F—IlZ oW TIiX, A&S T —Z KN
ELPAC 7 —4 M LA LN K- OHBENRF IR L~ LD
NEHITHITER & i GBI 1 ST — & B L DTGk
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STV DERHIER D 1 45 2 & OKIRERIE S5 2
ECEET 7Y —T— 2R L, I ANEEICON
CTIF CARERFIRIZ B W TS NAEEO AR K E IE
HONTIND Z ED, TR L L OEE & ARE IR
LV OBAEIIRE S BARDGENZ N, D2, %
O THETAT L~ OSTHIIE & SER% 27 4EEETHA A
HHEREEF RS TS HRETARIA A2 & i
EEDHZETAABELRE LT,

1.4 RALLEHETFE

GIS # 7 — & DO 25 4EFEIE A b « B AT
7 Lo 7z AAREEOEB Mgk oS - g - T
PRI « BMTAENIER SN TVD A by 7T —H =R
(LI = & DIRET 7 ) — T — & N OB E 2 6 S
Sy AR [=1 [ SA YR N R S 35¥ gl 217151520k Sl N
2R OFR T E R A ST HUHIIERI - 4 SO %
7] + Tabled |- BB RINCHER T L 7=,

F72 2030 FEITHUT DHEFHTIL, Tk 25 AR N M-
B FEATIEICNGES N TV D 2012 FEOREDHN
2030 EE THAERBICET LN, 730 20 FRB X ITK
i B 5 EHE LT 2030 4EICBIT 5 AAEEDE
BShti% D « SER R « 2 T4F - SCHIHIR O T 7
J—F—« NOABELZHRMNLIEA Ny 7T —H_R—2 %
HERE U7, [RURARE DUV TR, 2010 AEAROBNR - 227
AT LOFRMRALIE B LARE L, 2020 FAX -
2030 FARICIIT 2% TAEDRIFFREIS 2010 R E R T
flElz VT, 2030 4RI DERH LR 2 HERT L 7=,

Table4 The category of building size

Category | Total floorarea | Category | Total floor area
CL12 ~500m? CL6 5000~10000m?
CL3 500~1000m? CL7 10000~20000m?2
CL4 1000~2000m* | CL8 20000~50000m
CL5 2000~5000m> | CL9 50000m >~

2. [EEHHHER

FHITCRT D PRABELL 2T LD " Hr P AT
+ v 7 EIFC I 0 ESN AR R L L A&S T— X ND
KW OJEREE - NDBE - BHET 7 ) —7— « %1
EEEIFRICEA T2 2 & T, A&S T— X N0 O H
RO MR T LT A Figl (o9, i
VIAEPR T FE D R, Ml 3 B S 2 7 L DE
R TH Y . HFORITBTHANRBOHEEHEL, Bk
37— X 2RE LRI T 10 Xy L7z & & DOEREMEE
ARLTWD,

Fig1l XV, JERMEEOHINI R R XEE OB
DT DM b7z, BRI OWTIE, ST
D387 L < 72 B1Z20 CHRAEJROEH 3B LRI
ER O EENNT DA R S A=,

F7-. Hosmer-Lemeshow test DFE% W ClalRTET

ST - W/ Lo
SRR R RS (2019, 3. 11)
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Fig.1 Estimated and observed probability of adopting centralized

systems in office buildings
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ARIEE - HO - VRO EBETICISIT D 2017 4 - 2030
FETOBYRY AT AOF LR HE R % Fig2 lOR7,
Fig2 X 0 BRIl 2 EHBEA K E < 72 blzoh
AR OBEATRA U, oA 8 L <
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X E-C&G-B. Gas-AbCB & \\o 7= 5 AERENDOEF S AT
LOEMMNE L 725 EHERH STz, 2017 4R & 2030 4T
it 5 & EBIRSCEREYR, EEEROE K
BN A ABFESLE BN 2T APKEL DT 5 &
HeFt i,
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Fig.2 Estimated share of heat source systems in office building

stock

3.2 ZTHALRTLORALLE

FHATICRBIT 2 2017 4F + 2030 = TOZERH L AT LD
R LR HER 4t % Fig.3 17, Fig3 k0. 2017 4 &
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Fig.3 Estimated share of air conditioning systems in office

building stock
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Fig4 Estimated share of energy savings measures on air

conditioning in commercial building stock
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Study on Task Ambient Air Conditioning System Using “Cool Warm Sofa”

Ok Kiwl (H =BG

Daishi INOUE*!

In this study, the authors investigated the task ambient air conditioning system using “Cool Warm Sofa”. “Cool Warm

Sofa” is installed in the lobby space for guests who come from outside, and it exudes conditioning air from the surface of

seat. This paper reports the outline of “Cool Warm Sofa” and the result of a measurement and performance evaluation at

the time of cooling by “Cool Warm Sofa”.

[ZL®HIZ

AR, A L~V T A1 DAL, B{EE SO
BIICHIETED VAT LAE L TH A « ToET Y b
ZEH AT BPNFEE SNTWDE, XA - TorExZ LV K
ZEROENTFE L LCL, EEREOR VAT ¢ A%
2, FEEEFR O\ EGZERM T O SCRET v AT
DL S E S TWD DS, /N TE S ORI TS
F L REH RS D2 COWEFNI D72\,

B/ N EHZERCIE, BRI OZEEREE T CIRIEN
R UIZREBECTAET 2 kEE & 2Rz MNICEET
LA INA—ZEMNIRIET 5 2 & &7 0 | TERDZEH
VAT WCIIIT O A e 3 S IR B & FEH
B EIFHEEL,

Mz GEFETIRZ — L EXBHEE S, 2< ORET
BAINTWD, Lo L/IMUEEZEM CIERmRom )
REHIIRANSBNCASTL DL &Ry, 77—
JERXOZERMITIEETH D L IXF 0O,

AEHE G OB CIL, #ie HIREVERIREETH D
BEHE L REHEONHTTE ST DRV —L e X722
W) ZBEL, 7 eE—ZElNICERes — VAR R

OB ORRERE LY FHE LT, REE DA DOBRE %%
PATRERBRETSUR W RERID & X 7 « 7o By Mgl
R,

AW TIE, v E—ZEEND 7 — VAR Y M EEDE
HHUABRZER( T — T 4 —D2 Y 7 7 )INENEREE - AK
IRBEIC E D WET L EEICT A2 Z LA B E T 5,

ATl RVAT LOME L BEINCER LY 7 7
WY OKIE « IMBERBEOWUER R, h—~~vxF -
BRE FERRE RO TS T 5,

1. JERHRZE M O

K 17— —L T 7 O ERN SRR 2R,
HEE, o R —RE o ETHY, T
T NEERR & X AT ZERI TN D, T BT
v NEFHRIL 28C DY — L B RE E LTEY | REE
DAET D2 F b VI HROYA T 7 —L T 4 — A
V7 7 wRE L TCAR Y MUIZEERHET> T D,

7 E—ZEENICIE, T =AY Ty SR
DY 77 HERE L THRY | REENENENOIHT
BN AREE 72> TN D,

VIRTU—ZTP>

A=) | TA—IBNT A —

X1 AENRERGREERKXSI RV T UEIY FERAVATLL A—D)

2 5-b/9t-0y77 (KRR AT fR1EEHER)



B-1

2. 7=V —AY T A

227 =N —LY T 7 OB ERT, 77—
=Y 7 7 R - AFEDORE H LARIC LD,
DS TN DRI ZE R (G« BB % X4 T A HH
FIrLleo TG, DT, NREEE % R 254
L2 ENAETH Y . RO PE R RPTERE 2 o< D
ZENHEED, YT 7IE3 AT THY | REFEEILY
APV TEEICHRHEDN TR CRAREEIT 1 AT
320m3/h k72D, WREH LIREIX 22CEETH D,
K327 =04 —0Y 7 ez RT, V772
ZERA 7 N ARG L, I - D D ZSR R YA
AL 7o CND, VYT 7—D7 va MITRY =
ATV HBIRITHES A S BT AT ) v TG E R D,
7 v va M IREEEICEN TS, BRMENIER
(N8, I« D S 2R AR L
WHRETH D, V7 7 ~OFRIT S r— V751 &
VATV, FaRUREEI A XU 7 7 o CHENER AR
BTHIETELRDLOFIIL TS, faXUREX
MEICE#ES-H5Z L 2#ZE LT 2CHEL LTS,

3. Rt - IRRMRERAOME

F VICEIE 2R, K3 TETY 7 7
D OFEKGRIIE 21TV, B4R W o451 > b
TR, JEGE, HHBEEOREZIT 72, AT,
IR ARIERS R, BERRERERS, Y 7 7 JE Y
KAARERE R, BB AE ROV TS T 2,
31, L TRESHATEER

[ 512 MR A ORERER A ~T, 77— T 4 —
LY T 7 Ei%E U2 B AR A > MiE FL+600 C 2~3°Cfthod
RA 2 DX VEEMENZ LR TE D, FL+1100 LL
EDORA N T, HARA Vb EBIRTERE R B RE
DAETRSTEY, 7T —LY 77 BNEET DA
DJEFHZERNxE L CIRATHIZRMEN RN 8 5 Z & D3R
TE 5,
32, FHMEHRERIERER

[ 6 |2 FL+1100 D L)L T A~E JEIZ 31 5 AT
IREEHIER R AR, EARA v MIAMBE « BT AT
VMZETHDLDIZH 000 5T, oA A > kL DRk
EECH Y, 7 =T —D T 7\ K DIBENED e
XD, BB 72547516 : 00 LTI
0.3~1. OCFREEM L WK< 72 D,
3. VI 7AYVEENMEERR. BEGIRTER

X 7-1)2Y 7 7 &Y OEESARERE R A~ T, JE
1A+ EFAEERSY TlE 0. 05~0. 12m/s B2 TIRITHEE 70 mok
Lo TRY BRI > CRTEIZZEFHZER DK H S
TV DNHERTE D, X 7-2) ICEEHRIE OfE R 2R
T, V7 7 EiHIT22. TCTE—TH Y, MEDOEEEND
HHMBBEEN TV D DONRHERTE 5,

ZeTRRD - A TR AT E R
FIF R R SRR SCE (2019.3.11)

100

1200
1100
1000
900
800
700

OWVPFL: ]

6_“"'?".:‘[“‘/7? ____________ SR BT 7
ESiEE 5 |
Sf-*l’ "'J L’.__ é FANIINW) RA

S e PAC ||
W-q, SESA RA
N IR — RIS

Bl 7
Q@ ZE=H7A—

3 V=LA —L) T 7K
&1 AR

ENIRE 27.0°C
WEEE TR, HORREE, JBUR, 2NEifG:
V7 7 KRR 22°C
V7 7 IR m 320m3/h
600 1300 | voo | 200 | 1200 00
o (SR o] o] 8]
e L] 2000 L} ]
e zwe . . .
- [ ] 22008 [ ] . ]
EESS L 17000 L] L] L]
@ E2Ens— ma o© 1108l LR * 0 |
OEE:Y 108 e | e . . .
OHHEE 54 L o . .
A B C D /€

D=7 =L p
X4 ERIE R
st A B C D
i i i
2200 \ \ \
1700 \ }
110¢C X{

’

600

( 1
%3.3@/{27 4
235 255 275 235 255 275235 255 275 235 255 275

D=V oA=LV IT P

100
K\

BECC) € EDBHNICDE
X5 LETERESH
——A(FL+1100) —B(FL+1100) ——C(FL4+1100) — D(FL+1100) ——E(FL+1100)
28.0
27.0 7 \/ﬁﬂ
26.5
~ = N
% 26,0 ﬁ“
E% 25.5
25.0
245
24.0
8 8 2 8 & 8 & 8 & 8
~ ~ m = < wn w w0 =] ~
5o m 5 3 w4 & g 5

8 .
6 FHRSTRERIERR



B-1

4. YP—< /w31 - PlRE IR OB

< 2 ICIEIMEEE Ao g, SEHINE 2014 4 8 A 27 A 8
H 28 HD 2 HETITo72, V7 7 OYERERHli kL LT
Y=<~ 3% A O 5 M ORE IR A1 T - 72,
P XX & HNT Y 7 7 RGO L E 2R i
KOV HEW R 25 HA L. B S5 CAMRMIRE X OV
= NIRRTV, RGO, PR, SRE. VYT
DOHISE 2T LT,

5 H—TILTRFUES

JEE, SEADDOREH LICE Y . AR Z R
T D ENAMRETH D, 1| BYT2 0 O KRR EIE
320 m/h TH Y, L A /U K- CHEEPECRE
CE D, ARFZECIE, £ 2 OEBRIEH D@ Y R Z
& LFERZIT ST,
51 H—v LI X U EERMMEE

[ 8 |2 FEBRIE B R D —~ L~ X % o e EF R 5
Y, V77 DEE 3BT CIEIIERIT o7, K
BEERDIELIE D X HIZY 7 71T L QO DENIE, JE
BHEOSEIZHA JBEY - BEROEEN, KERE
BEOIR TR SN, V7 7IZ8: L TR IBEOE
N HOEALIT TR REZ R E AR & S FERA
Bohn-, T, #ELTWARL THYRIRIC L o %%
ZFTWBIZHEEZHND,
52 HMBREICK BT —ILI+—LY T 7 DHEZHR
B19, 1012V 7 7 nHhR AT, SMRE ORI
VR RIS & A AREO BRI O A AKEMES A L
L. &L SEREOMEAE AW TR E 2 HH Lz,
7 7 DITENRD G B AV EN ZRBEE DR/ AT T
DENLTH -T2, ZHUL, V7 7 bRE DRI
T DEMIBERLENTND B2 DD,

(IR AT,

teq=ts-0.155(Icl+a/fcl)Qt
=ts-0.155I0Qt  cereeeeeeeeeee e 1)

teq @ FHMEE (C).  ts @ PRIBEIRE (C)
Tel @ FRESAHEDL (clo)

Ta © BAIRERZ RG22 XUBEMES T (clo)

fel @ BKERLGC),  Qt @ BEMASE W/ nf)
It RHERIFOBMESL (clo)
6. WERERER
6.1 HERA R

VR OWBRE ARG & 7 v r— M L Db
AT L LS L, HREIIRAEIT o7, Bk
FIX 2005 30 RO BMET 4. &ME1 4 DR 4 TIT
7z, MigkELZ K 10 431 (R B O TIREH]) #
BRI TH DV, V7 7 S MR 2 5588 % 3
L7z, FEBrid~3 X IR EREES 3 32— Tf7
STz, FARRMREPERZ L, 2 /AR R, 1R
WA TN LRSI TRIC /2D & Z A ZFEASET,

1200mm PR

1100mm
1000mm
900mm
800mm ___ T

700mm ~——o

22N - A L il S
iR R i (2019.3.11)

2600
2488
2368
2252
2136

1906
1788
1672
1556
1480

1002
0976
0860
0748

0396
0280
*0.1(m/s)

1) B R 2) RERE S
B7 vI7REXM,. RERESH
=2 EHE
HEREH
NERE 24.6°C | HAXLEE [ 79.4%RH
EREBE 27.0°C [ TREE [ 70%RH
BERE 0.5¢clo
EL L]
i WEEAE (m/h)| BREECC) | @mEE(mM/s)
=1 FESIEL 0
EER2 BE § 160 21.8 0.02
EER3 AE X 320 22.4 0.05
5 AE f —<BE=E X
36.0
~ 350
834.0 B =
ﬁ% 33.0
§T 320
® 3
30.0
HHE R E AR R R E N ERERERER D
W2 R BB EE Y HEE M H
NNKK%%% i EJR T QT B N
N o
K K
W
M8 KRERERE
H—LY77 *
RUHE a-FHEE —ERERE 22.1C 0.072,m/s
295 12,0
275 0 <
~ ¥
€ 255 o
i &
s .
# 19:5 thd e
175

X9 SEHHR EA=ZE &+
RUNE  aSESE —HRBE g g
29.5 12.0
27.5 10.0 ~¢
3 P
% 255 so X
gE 235 - 6.0 i’;
i< -
H‘IF 215 - 4.0 9(:
19.5 - 20
17.5 0.0
HH G AR RN BREREERRRER
WEHEEE  _BEBENOER Y JEgaid
WEKKEEL "®  WioweWioli
W=
XX
Wi
10 AR EE K
® e 0 0 ® 06
Q@ GESHLE 'mVe
% %ﬁﬁ_;? —WHE QABIZTUr— A /
Cui. o bRty rEOEL 0 5 10 2526 [é?n]
K11 EERFIE



ZEECANRN - A T SRR

B-1 SRR R A SCE (2019, 3.11)
—WEBE1 —HERE2 —WEBE3 — HERE4 WERES WEREe — WEBRE7 —WERES Ty —BE(TY
® L »
e
:: it e N Z s AZ - —
LY eammen T O T T e
1) =81 BEEIE 2) £Ep2 AR H 3) EH3 AR K
12 KERHNEE
B 11 IZSEBRTFIE, 2R3 I OEEERSEOREL R T, %3 DERESOE
62 KE&W(EE -3 -2 -1 1 2 3
B 1212, EERBORRNIEE (5 £y, e B A I I EEff*J Ban | BN BIED
AT ARRPIEEEE A, — S LL RS pam | RS am eewr 50T voma ma | EES
WA A BT, A THIERIRN TIESHER & 0 | 30 20
BN H 70, WEN ER LW EEZ D, & 20 wl
JER%, SRR 1 CIIARIRNIRE DS B L Q< B3R 10 ;31
Sz, HEFIRIRNORHAEL 720 . ER Lk Tyt o
EOBBHBRFNZZ b0, ERLEEEZLND, L AT YH 1
L, REEZBIN L Tk, ORI 20 20 T‘ -

FEETA > TOS AR Sy, BUER T, JREEN
K LT BEHADSHER S V72,

6.3 HEIE

X 13, 14 (SHERE IS L DIRMIEL - PUiRH S E

PIEAT RS, faxUsIRRE, IR S CIAs B 7
BENEW D HENL BT B 24 438 IC—TEIRRE

DO L 7poT, PR SHE S [FRI S AL A7
FENEL EFIIRIEE T2 02 E L TWD, Tl
SO kﬂ%%ﬁﬁfimﬁm$iﬁiﬁmﬁ ik

WD NG 6 431 ETIEFIREE TR Lz, E7R
HEREETH 4 2IZE TR OPE S HEE L T D
DHHER ST,

7. FED

I =N r—I T 7 & e e 22l CIRAREE
T & —~ b~ 31T« YRS IR X D IR G
1T oT, BHONTARIE TROWEY TH D,

D =N 04—V 7 7 [3EET D NDO N2 )R
FEC@mE L, Y 7 780 TlE SSCRAEREMERT 5
LR TE T,

2) T F—I T 7 O Ul (2 - 567
FVICHIT BRI R Y 72 < L 0. 02~0. 05m/s FREE L 70 %
Z LR T E e, 2B Uil OZR MR 135 — T,
22. TCREEThH -7,

3) —~ e XX TR, B &R LT D KRS D
RSB PIZBNTHEHBIEN Z < M ST,

4) RARPNTEE CIIAR RIS IR IS EER BIREN EH7 5

#2BEFR (min) #2BEFM (min)

13 #MSUFLLFOBER - RARHEE

jﬁ,}ﬁrw 1 I l
1.0 I 1.0
2 L) L Bt
go.n T ﬁDO ‘\‘ l
# ﬁé
£ g " \L !
EIO $ 7*$71.0 /
| f
2.0 T e 2.0 i g
—
- E i
¥ gwg~vecsnzszeEas | EEESTCCSNILRRNA
] ey
H# e BEwE

AEBEFH (min)

BARERE{E

#23BEFR (min)

14 KREEHTEFOBRER -

HAPHER SN0, R T D2 &Ik >TURED E5
13072 720 . REKRTILBIME & 22572,

5) DB EFNA TIL, %bﬁmﬁiﬁ%ﬁ SEIRIER={0)
EHELIZBWTHER %?«Eé@ Sy LA D]
LTV, LM LKERETH ﬁot%A IR
JEREITR 6 5 %ﬁm$¢iﬁ4 T CERIRAEE T
YLz,

(%K)

D HE: 7= —bY Ty BN A T

NI AIFE(ZD 1 7 — N T 4 — 5 7 7 OFFE L 4

FEREOSERFESR) . AAREL P R Al

2) KM : 7 =N =LY T 7 N2 R T BT
ZENCBI T BINIE (LD 2 77—V —D Y T 7 DIREED

%{EU&UV VERERHAM) . B ABEE P R FNGATHTELE



ZeTRRD - A TR AT E R
FIF R R SRR SCE (2019.3.11)

HERIZBITHAEI R - AEITOEY HH

ZEH-M Ready M ER#F & M M DA
Efforts on energy conservation and construction at the employee dormitory
Acquisition of ZEH-M Ready and adoption of new materials

KEn BIr (P TEIR)
Keisuke Ohchi *!

*1Takenaka Corporatiom Co. Ltd

B-2
Ol Fngh (P IH)E)
Kazuhiro Matsukawa**
1. [ZL®IC

EDREIZBWTEEDOE =3 F— (TN HE L
2o TS, BUNBRER LTe T=3)L % —HARG
B 12BN T MEEIZHOWTIE. 20204 F TlofE
YER R BT EE T 20304E £ TICHREE DY
TZEH (Ry b+ Erm « ZXLF— e NTRX) DFE
e BET, | ERRSNT, IR T, 2018
FHAICEAFEEL G & T HZEH TZEH-M (R >
FePr 2R LXF— e NI gY) | D
ERBIER NI,

INEZT BT Lo E BT ZER-M
WG T 52 L x BARICREZ1T o7,

—J7. AEEMIZBWTIX, SR TS E
BRAFEBAR ISR~ ApErEm B2 B L.
BbTEE - TIEZ BRI ER T L, & I bic Bk L
7oo ARESCTIL, £ OFTENE & AEFEMER Eog)
RIZOWTHET D, £ 1 IThaaizE, X 1124+
BlN—2 K2 ICERTHX ERT,

=1 BHRME
P e | RBRORT & ep iy
g R (B oo 2 ) — MHRRETE)
. Hb b3, At S AR 439, IE N AEL, 044 nd
7 FEI0E, FWHE1=E

®1 s -2

IRLF—HBEE
I @
2 2

AhIIFEE 2 2L ATy T U 1 rATE 1 2=
v hELTWD, K= MISEREE T Tt L
TWbH =, K=y MEENIERZEM 82 LT
l/\éo

2. IEH-M D=

ZEH-M &3, RFEEERICLVEDHNTEY,
1 FROZ X —1HE & L =3 L F—FIHEN
ER (Ry b)) TERUFECRSY v a s &if
T Elo. ZEHFM OEFRE LT, HZRLF—20%
LU b 2ili7z Utz B IEBR 75%LL E OB % ik L
72t D% Nearly ZEH-M, IEBE 50%LA_E oD HiITRER
% ZEH-M Ready & SHL T\ 5, (X3 2H)

2 RETER

ZEH-M

MNearky ZEH-M

) ZEH-M Raady

20%
/ / A (ZEH-M Ready)
0%
100% 80% 60% 40% 20% 0%
IxILF—HEE

3 ZEH-MDEZ

FEEEL Y EER 00%0 L) ET 7L+ —HE IR,

FEMSYEHISW L ET 2L — BB

/4£’é____§¥@§HE%@%%£E%&ftﬁﬁ%Wﬁ__
/ ~



B-2

A B #% 1% BELS(Building  Housing
Energy—efficiency Labeling System)|Z X 5% =
FRFEHIEIC L0 | = —HIEERDY 29%, ==
XA EDS 22%, ERROHIJRED 51%& 720 |
ZEH-M Ready ORBEZZ T 7= (4 3 ZH)

3. ZEH-M Ready RGN DFTEINE

3.1 BEEME

KM DREEMEREA ¢ 2 1R, Bl
MREZ B O DT, HREOBIIIT VI BEES
Pl Lowe HEIN T AEERAL, £HAX YT
Y OBITIIARBAY v L Low-—e BN T AERA L
72 (4 4,5)

Z DGR, S EEEERIT 0. 55[W/ (nd - K) ]
E7e 0 ZEH-M FEYE 0.6[W/ (md - K) ] Z& FE% &4t
(2. HEAT20"® G1 Z'L— K 0.56[W/(nf + K) JAH4
DOMREA B LT,

3.2 BiEHIE

AR DR 2 3 1R, BEEOHFE
A II— LT 2 (EMEEES 2.2kW) THY |
Z D COP 1L 5. 18 ThDH, ZDARIZF=RALF—TH
BEFR T 07T JMIBWT, EHERIEOX
7 (WX5y) Eled,

=2 BEBE
SRS
o ABIRHARY ZF L > 74— LA35mm+3a> 2 Y — F200mm
- T+ L & T+ — LBEAOMmM
e av o) — R 240mm+RAG T L & > 7 4 — LBEIOMm
+EMEES T 27— I)L50mm
R(EY F) av o) — k200mm+BRft T L &> 7+ — LBE1I00mm
R(FvFYV) ARy & +Low-etEEH T X (Low-e6+A10+FL6)
B(RE) 7L IEIIEEEY v v +Low-etEEH T X (Low-e6+A10+FL6)
Wi s 450mm  EEH : 0.6nTK/W
%= 3 HiEHE
R
——
’f%ﬁw’ N—LITIAVARE: 2.2kW BEE : 2.56kW COP : 5.18
ERE &
HREENE RS A 7.25W/F
- AR 505 X 48
RrmER B HANEI5%
— £#ELED
AR BEEE  ANHIE A ARt Y —HE
i * v Fookig  KEERE
7KE
R S B AE
KEHRERRE 240W x 724 [17.2kW]

FRT AR (6]

22N - A L il S
iR R i (2019.3.11)

BREOHR, BRI ERSTIL e PR
AU TEHE LT,

RRBAER (R 12 424E LED MREIZ A LT v | A
HOFEE TITFRLHIE, LT CIIAEE Y —
FlHZEAL TBYVAZRLF—IZFHELTND,

HiAKPRE & LT v F o kKRICIIKRELER, 1
AR/ N & AR X 2R A LT\ 5,

KEGHFE BB ITRE B ISR B R 17, 2kW D/ %
N R RIRBICERE L T\ 5,

4., —RIFIILFX—HEE

B4 6 (AR DELIE— IR = 1L —{HE & L3R
R RN RE TR,

WHREAMDO —RTFNX—EEEITAEELY
L RARER o T, FIRE LT, 2fEslEE
fERo>TNDZ &R, RN 16.8 i (28%)
ERELHHBESBENRKRENZ ENBZHND,

i

. * M
4
1 /
4 ,/
/ o
// '-J
.-/
/s
ST
B4 7ILIHEEEY Y Y 5 Rt
ODEFoOsEORE
DIEE DAE D#G DS OFEH BABX B 55 O MR8
GO0 100%
20% 40%
400 S
183 70%
300 137 60%
200 2 50% 15%
55 6%
0 138 o 9‘}2
106 30%
0
20%
-138 30%
10%
200 0%
HAME HEtiE EIE(E
6 —RIRILF—HESLE 7T IRILX—HEIE



B-2

&5 AT IS 3B T A BT 23 A AN (8 =
LD IR R ARER oo T2,

K[EfiEh e U, RIKRoOREICKD 2
& THI 5GIHE(20%) D HITEZh R % 45 BT,

famliiT e L, @R O BRI A
PEBRHT D Z & TH 49GIAE(T1%) D HI R0 H &
Boniz,

FRBAER(H X 4F LED, FROEHIfE, &2 o —ifil4
BT 5 Z LT L 0K 46GIEE(27%) D HIIEh
HEohi,

ANtk D FEHE— R = L X — B EBEOEIA %X
TR, KL AR R b REREEGE 5D TE
D 40%., WIZHEEDS 30%. #a#ihs 15% & 72 > T
B, INHEEORENZRLF—HEEEZIMZ
D& THHRNRHIEATED B XD,

5. FIMHEOME

51 FZILIHr—TJ)Lag

TV R — T VR ERER R & bl U TRl —
A XTI 50% D8R B AL BN HIFF T X 5,

—JF. T E 0 FREREN SN L
MOV AXT » TIRBEEE 2D, AigklZis T
W FERINC 1 YA XT v T el o N, SRR
& g L THY 30% DR Bk & R L7,

TN —T VBBRITEBREN O HETFHE T
DE TR Lz, (&K 200m) (X 8)

5.2 FILIAEE

TU B & T R A — T VRIS IS
&L L THY 30% ik Ak & R LT,

F BRERDEHO 1R FRETHVREE LSS
WVREE A B,

TV R IEE A SRR E N O B RO
EHETERALTWS (&K 600m) (1X9,10)

53 MBLRILIFZFIBMEVATLA
MAELAT LT 7 TRE VAT AMIR) =F L
VEE AL TR Y, BETIEEEDR R,
T, BEERIIE LA OMEL A TH
V. Bl ToOHESRAEERIRZ ERK LT,
MAELVAT LT 7 TRAE S AT DR T BN
LEREBETORKEETHEAL TS (REN
60m) (1% 11)

ZeTRRD - A TR AT E R
FIF R R SRR SCE (2019.3.11)

9 7ZILIARE

11 @ELRTILI7 TRESRT LEREX



B-2

6. AEMALIZEFRAICLIHE

6.1 FIIH—TILER

M T AT, S~ DZEHE Sy T ORI ALEROHE
FAEDMITNLEE L 22D 18N L7,

i THEZSWTIE, B OIRA - BB &I
B om L, L L, B AR LT,

ZeTRRD - A TR AT E R
FIF R R SRR SCE (2019.3.11)

B OAFHEH TIIR 5% DOHI E 227z, (1K 15)

BHICH>TORERL LTI, Fv7 77
BlE S AT L TH DT, FIERNZ EMEZRELE O
ESEZENTAINERNDH D, RESEBRDETFRD
DFHNRKELIDND 2D, FRiOBRREE %2+
NCTERT DN D D,

ToL 3R L bels Ul . SRS 2/3 FR

L WO ITEEDON THENMET L, WA iR g SR .
AR TOFEEITH & el UTR 16%8 L 120% 120%

o3, MEBHEITR 20%HI08 & 72 0 G538 Tl Lo
DHIK L 72> 72, (K 12)
PLEDFERMNG . T IESE DD 72 KR 722 1
MTHNEFERLa A M2 v RGO D EE
%_60 40%

20%

100%
80% 80%

60%

6.2 FILIAEE

KMl LE M E R EICERORE L TR0 RS
ENREWED, EEREAEL TS, TV mi
BOMFIZ 7 LT IO, SHm S O
TRV TTEP M /R L Aol
MEFOWEAN « BBhTI R 72 D 7= ol T3 A
U7z, BOAMFICBE L CTid, 70 S B 1R
W IR THE< . WL o T
DERPAETTZ, T, FMEHIB AR EN
ThHoZ LICHLEEBH L0, A4tk BT
KDHEMTHERM ETDEEZLND,

MM 134 20%D BN & 72 0 MR & BB E O
BRMEH TITR 1% DA E 72572, (X 13)

6.3 MELRATLI7 IBREVRT LA

ALV AT VT 7 THE VAT LOAEFEM N
HEIZONTIE, RV =F LU EOBRMA VA
T AL L THERET S,

Jif T THUIA 35% DHIE & 72 > 7=, Z DERIE,
TEMNARETHD Z &0, BE#ERD 2 LIALTE
J72oTHETRHEAHRCE -2 L1ch D, FEE
Ofie TRERE 2min/ fEFTFEE Chd 0 | Riiak OHERE
fEETIX 32 AT DT GEFOEERRF T 64min T
SET LTz, —h. BREEOSGEGIE 1 EiTX472Y
#) 20min #9720, AFF 640min BT O T,
576min (90%) DHIEN R & 157, (X 14)

F 7o, ARERRIIHE T A 2= 2N A3 <
Btk A LE LT OER@A AT LI bEE L
AT VT 7 TEE AT MIHENTH - 72,

MM IR, 59 24% 58 & 72 o 728, MM & 975

0%

FEr—7

K12 7L H5—T I LTEREL

TS —TL

13 7L 2 AR E TREFIEER

700 120%
soo 100%
500
= 80%
E 400
&= 60%
300
= 0%
200
100 20%
o 0%
B 14 T RRE LB K15 @MELRATLI7 TLRT L
Yl 1
7. FED

ZEH-M Ready (2 & L72gREINAS & LT, &axl
DOYERE & BEWMERRIC DWW TR LT,

BIEEE - TIEOBRBIZOW T, FOME LK
MR IC BT DN BN HOWTR LTz, Kx Bk
IRPFLNTZO & FRIRFICERE S BN,

ARERIZEDMAEZFENLASBOETX - B T)
L TIEDOHY LA BT T2\,

12,13, 15 : fESR VRO B | A, 83, WRIEA &
SEMMHRE S RAT Teak THEESR (LUE 46 iR | & AhER%
TOER A TR

1) HEAT20 : [2020 4% RIEX I EEORMEBVYLHEF R ER
=1 OWEFR, (EEOMEKEZIEZL TV D,

BE I
1) 2020 F % L 2 7o AEE O mEEML AT R R A2
HEAT20




B-3

RSAIN—LDEIRILX—

SRR - A AT S
IR R SRS (2019.3.11)

PRI AT LEEEE R CFD 4T

Energy-Saving Dehumidification System and low dew point CFD analysis of Dry Room

OlA B ChrEm#LE) U —Z GhEMRLE) T8 B2 GEnLE)
R ikl CREGALR) =Lk FA ChEGRLX) HER 7w ChEGIILE)
Jumpei YAMAMOTO*!  Kazuhiko YAMASHITA*!  Koji NAKAMURA*!
Yoshinori NISHITANT*!  Hideto MIKAMI*!  Makoto SAWARA*!

*1 Shinryo Corporation

RT A =L EAEGS D 72D O fe b B2 3 A
R AN —LNOFTRIREIZ, FeKS
il & 1 D B 7
HE R LX— % KIEIC
T 252 EMTED CFD FRATIZ DWW TR D,

[ZL®HIZ

ZERHRDRDGIREDRIEF IR, WD KT A —
AT, VF LA T REMZIZ LD, %ﬁgiﬁﬁ
YXUH AREEL T 4 AT LA | K EUEREEE A,
BhreEr 7R & BRIR Vi EF O @§L%%%fm%&é
N5, RIA0—LOBMRERITRVDS, RLEER
BECIIEE MIRE-30°CDP LA T ((ARFEIREE 375ppm LA T) 23
km%né_k#%wKM@EfﬁﬁkﬁL%MT%

. RREER L U CHERICRV VKR TH D Y,
fﬁ’ﬁ%ﬁ TR S BIEL | BpE T3 C-50~-60°CDP (&
FEIREE 11~39ppm) . BF5EH K7 A /L— 2 TlE-90°CDP LA
T (0. 1Ippm LAF) MERENH T —A bbb, MkaZER
OBRIBIZIE, “ VA7 N7 EOBRBERIN VI, D
FHAEICRERT AN —F2NELTD, £/, RTAL
—AWNTI, KOGOFEERFAERTH D NMEOREIZ X
D, ENOKDBEIIRE—THY, £ET5, FDi-
8. XEHHEIZ CFD (Computational Fluid Dynamics : 31&
ARSI e T B 22 il OB O AT (it
JRE DR E R & & RN 2 2 E WNEHEITR D,
AR T, IREROEREZLENMGTE, oA
TRV MERRI TN T2 =L — RIS 2T L0
P K OWMERER MRS Rl W Tk 5, £, (KRR

BRIZ BT DB OB & FANZ TR 5 2
LT E D CFD T OBEEZ DUV TR D,

1. FSAI—LAKREEROBEL LURBER

1. 1 FSAIL—LAKREHOBE

KT A —LIZBT DRI, U BB A
T4 R EORERERE LT-HFEEONN=h La—

FBREHTH Y | T DOWHBR =X F—ITIEFITRE W, F7z,
BARTH L NMEOBE L > TRELSEBHTH720
REERFTOMEND D, ARRTIIIND OMEE R T 5720
BT 5 Z EMTE DU AT A LIRTRAREIC

L i TR B e
(B L=, Bk o
BT BB EIRESA 0T DL E) 2 T

— (UK, BREn—%—) AV snS, B—110—f%
H72 RS A — LR O 7 0 —%759, Rikn—%
—IIFEIFENE L TR Y, BRE, BE, —Tkrvar
ZeEGe i LU, FIIRER R OZERD KT A J— s
e ENs, BEE 7 v g T, 22K 0K DRI
FNWsg S, BREAMTOND, Rt v a v & iEiE
Lizu—Z—3FEtv 7 v g VICAD . ERDZER (L
R, AR TRV AKRGENAE L THESND, BE
ZERDIREILIEFITE < . U B ILOEE 100~150C,
YA TA FOBE 150~220CTH D, B—1Tid, 74
ZERD R FRER STV D0, FHRERE I a2EmN
PR ENDr—A b b5, FAEEY v a v himm UTckR
B —2—3 =87 g VA, FZCEEIC K
STHEIEND, —J7, "=V 7 v a TS
ZERUE. BAZERICFIH SN D,

RFSAIL—LHLDER

HM—1 —fE8GERS4IIL—LRAREHOTO—



B-3

1. 2 HEORSAIL—LAKREHEOMBER

RZ A b— L BRI OHE = 1L — | 3R R E
<. 209 bR e — & —OEAZR A ET 5 %L
X —INDRD 6~T7 % H5H 5

T2, BREn—% —OFAZERRERS LOEET,
REERME CHEiR SN D720, R EAIRE TG HEZ K
MBI Al D, FRIKDAMO/NSWAIIZIE, REHEZ
20CDP FEIDZ & bbb D, DFED | Rk —&—DFH4
WCLELL FOT XL X —Z 1 LT 5,

PEROB RN —THEL LT, BAGHEAOWTHEA
b — & —OIEERIEHZAT O AT ARHH N, EITHIE
AL L THOW BN FEREATSGHT, ZMTiadd
IISESEENES . S BICEEE FAIERICREN NS
MERSH Y . EHTIEZRV,

2. EIRNX—RBEIRTL

2. 1 BaEE LUHIEAE

AR AT W, BaGHEAOTIC, BRke—2—0H
vy g bR’=U% 7 Y g v himiid b 2RO
7= (LA, BEEA L —IGE) 2> BoK AT 2 HEE
L. MER/NBOHAET L —THEOR R SR
\ZHIBET 2 S 2T L Th D,

BT FNX—FRIE S AT AOHEER 2 B — 21257,
RAT AL, R —2—0F4 s g B LUV
—t 7 va VAN OREF (D) 36 LOGEEEF(AP) .
PLC (Programmable Logic Controller) CHipk S5, PLC
WIS N S VTR Y | IR, [EROT— 2 25
2, B R X —ICEZ R L, HET 7 04
b—&— FELESHERY 7 FOT—F—5 L R0D) &
Hld %, ZOTAT LXK, PLC OMIRER, MoEEs
EWVND UV T, TR CTH Y . B0 A
I A MFEFITMRNE WV ) REREFRDR S 5,

B — 3104 = /L X —RiE S AT LD HIEWE S 2R
T, REESPEEAT LI, S A R E T
IR (B4R Th o, ZofilElciksnwe, 7
B BAEDOR KR AIRFE NS MEL L 3 B BT L X —IE
B & TSI U, BUIROFG KR RIREE A HEE T
=, AEL D SITIUTHAE RV —2HEC L, KT
AUTHAET RV —2J 63 2 & TRl iR
ChRITHE 2 EiR T 5 Z LN TE D,

HIEEAE EOB X X FRROMWY Tho, TSRO
HiRE)Y B—3F0@Thol-LTHL, ZDLExD
Fo KR AR B ARE L VIRWERIRE Ch D LHEES
Nb, RUVAT LEEind 5 L, EEaIE—3+H 00O
ORER EIC BT 5,

VAR KT A N—LNOKRGARPREL 2D L, B
BT L —ISAEAEIN U, SRS I B2 b
X IBEILC, AL EHBCHEINT S, F

72N - i Lo
SRR LT (2019.3.11)

7oy AKGAMDNE L 7e D & R LA
DL, EREAHE EE TR & ICBE LT, BAT R
SRR ABENIED T D, B, RUAT AL, A
JECESHIAE 2 (5 U CAT O AR RS FRRME (=73 — U
&) &5 TH BEEORRER ARE L VIRWGETE, E
RSN RATT 5,

AU AT AT, #EIREE 2D Z & THRROESIRE
EEBIIERETLIENTELLWIHIERLH D, Bz
X, BREHE SIREEHS-60°CDP DREAIZ 3 VT, —30°CDP
DIELRE ZENMIGT D2 & B ARETH D,

N

\J

7

7

N
|

' PLC i
o - :
BEREHME | v A | BERENH
i i | a v
! T 1 T
*: BE || :* H
R e—(O T [ge I
S VLT
ﬁi??/ Jras i ﬁii._l:—é“l—

e I ©

B—2 HAIRILF—IRERTLORIEE

S E RIRE-50°CDP
EERT BRI
oW . PO WS
i
B
4
4
@ S
T
Iy
g ® = 1B
o OHTHLF—REL AT LEE

BERIALF—NXIE

K EH kB
I X

B—3 HAIRILF—RESRTLOFEEZE




B-3

2. 2 AIFILX—PRBSSUHIEME

FAR R IR FE-50°CDP, JEE: 3, 000m’/h D KZ A JL— 2
FFRIBHI I T, EREARIRE &8 = R —FRIT S A
T NEERRF ORGSR R AR SO A e — X —HEE
ZRHMEL72, RZA L —2HREHEO 7 o —3F—2 &
[/ UAECTH D 4D 7 L 7 —F —H O OB SR,
5°CDP 7>5—=7°CDP O#gH & L, 1 BF#T 5°CDP 72 5-7°C
DP |2 25 b &4 58V v T-T7°CDP 7> 5 3°CDP 128 b &7 (LA
Fe, 3~5CDP % Erafaf, —7°CDP ZAKAT),

KB DOLE DD IR ORERE R 2 R — 1T,

AR AT NEHGOFA b — 2 —HEE L, ERHR
& e U T AiRe C-38%, (XA T-59%TH Y |, I
FICEWVE TRV F—RETh o7z, £i2. HBRESIR
FEITRRFHEIZIT < | BRI AL — 2 H L T
BT EERLTNA,

A AT DB OB SIRES 2B — 41077, K
AR OER DAL Z T2 DOD, FIZ-50°CDP LIF
THERB LTz, AV AT AZED, RIA—LZ5GH0F
O E =L —HIBEIRIT, 3 RIREPN TR,
KSR BT X 0 Be B3, 25~40%TH D,

K—1 BIRBREDSRT LEEKESDERETHEHER

EIRRTE EAGEER
SRT L
SR ZEARE [°CDP]
==t -547 -59.6
BB RRF -56.0 -65.8
BEIRILE— kW]
EaRE 12.3 19.8
BB TR 79 186
10
0 .
-10 /4
o
w30
|
435 -40
L BEESRE
00 -W
_60 .
-70

BITERFRE [h]
M—4 AIRNF—RRESRTLEEGROERREER

ZE AN - AR LT 3
TR R R SRR (2019.3.11)

3. {EEEm CFD fi#g#ft

3.1 FMI—LDERBESHAE

—fREREE T b CFD CHIXHBE AR O T ZTT 5 Z &1
HDHM, RTAN—LD K D 7K PREDMER B T
B SIREAS T OTRNERICI 2 5 DEEEE 2R D) RS
HREND D, T, KFEABREE PRI 23R AIRE
S3AR O CFD FAHIfE & F2HiG: & DR A M ARGET D720,
TEFIRREIZ 81T 2 B8RRI /047 % FERI CHIE L7z,

TR ENAOWMES 2B —51r7, FERTiE 1
FEY 72 09 100g DRI DIZILT D L D IZFREE L=
A OB D EFHNIK G ERAESE, BSFHER
B L CHEAICRT DBAIRE A RE L, 5RO T
A Ui=@aSiht, #EREESG LY bEE OL
B PE DS RO HIRER G e, 72, HlET
VRN RIS H 22\ REEBEN 7=\ & CHASUEL
AT L. BRSO EFINIKD AL T
b, EBNEEK IR —EIRTND K 9 e Zeii a1 T
S T3,

FERIZ X DHEFER A B —6I2 T, AKRAEFEN
B ONEEFD T8, FAE LI= @K E DZE5I 3
TOFEETER- L, INeEs EERC S SRS OfER) S
AL TS, TRER DRT A~ S B AURENE L LT
WD 5 em BlEN 7B IR E ENFR SRS & EE
HELWESIREE L 72> T D, CFD TG R A B —T 1
Y, ERRER (B—6) LHid D&, B TR
K 0. 7°CDP (HakHEE THI 7%) OZERTHY , EH EZ
EREDO I NMEE DRRETH > T2,

wxa

FASUAE (SA) : 422~455m¢/h
AR T AR « -35.0°CDP
HBREEERE « 22.0°CDB

m e
=X
m
=X

a
B2 (RA) : 837m%/h

N Y

| A

ﬁ i‘5- 2 1|12A 8

#xa

BEUEE (EA) : 60m/h -
iR ) H
IKHFLESE - 100. 75g/h Dj\\

&

—5 BREESMORESH

3. 2 BERERIOTSLICKDIEEEEN

R A N—LNOFBERIRE AL, TEEFHONMEOR
oAb T2 L4 BT 5, NMEOBENCHE D #E
TR AT ORFEIZ L% CFD BT C T DBE, AR
T E T CFD _EOKRSREARSBE) L2 b
72\, CFD fi#HT ClIfbT sl gezefiz X, Y, Z &7 A



B-3

RERECOP)
hoa -30 -20 -28 -24 -22 -20 -18 -18 -14 -12 -10

M—6 BREESMATEHER

Ny

WEIEECOR)

LS MW -18 —u—:‘z—m
M—7 TRIEES CFD iR

vy afBIL, ED DB ANRFRE & T =M A v v
2 HINIKFAR N H 52 D120, BEPEATRIZSIGR
T570 T LERFE L, CRD fiffr Y 7 b o = 7T
IANTZ, BYELIZ, HPC H— X— (CPU256 =277, BHALHE
6. TTFLOPS) (2 & 0 1TodL, BB AR DRFA L T2 &
ARTOREZVGHELARETH D,

KGyFEAER 100g/h OIVEEEIN RI A L—LITAEL
T FE SR AT ORI & CFD fifhr L 7=k %
B—8IT/rd, HIEA D OIREET, ZNENAER KT
A = LD B ENITEE) L7555 O Rl 55 %
RLTWD, Fz, FEEN I ARESNTZENRTA L
— AT, e T-50°CDP DZE5% A 540m’/h S LT
by ZOXE T, AFETEC RTA N —LOiERKRE
TE LTS 21T 9 12DV B HIT T, RI A4 0—24
WNE IR OEHERHE 2 ERTRITE 5,

4. F&H

K7 A v— L HERBAEOHEE =L X — 3 IR E
Wiz, B NX—HIISNETH D, ATk~
VAT LHED—DOTHY, BFEH N7 A /L—L0f,
-90°CDP DIRBIEFE S KT A v—24, 2K R 7 A
No—DTe ERka I FAUCHEA T 5, 70, KEAEREE
\ZF31F % CFD MENTHELRTIE, i\ G COEIE & —E LT
BY, SEIERHARTEHL NS, 4%b, IhE
TR EEIZE DI BZIT, RTAL—L0DH
TRNAFAAUUTHIRL T AHETH 5,

BEIR
1) JEEF MR 6T 5 BZEKIIR AN N7y 27, LR,
2013, p.6

BRI VI e ol e 2 ST
IR R SRS (2019.3.11)

L

mERmRe |

RARMITI)

-J!.! -GI.! -!!! -!;.; -10.0

(chBZE

K—8 RSAIIL—LESEED CFD figiiiR



ZEB L D&#F TN L ER Y #A A
The Latest Trend of ZEB(Zero Energy Building) Technique and Efforts of Taisei Corp.

Ok & #AT ORpRAER)

Takayuki NAGAYOSHI*!

TR « 5 T S
AR R A (2019.3.11)

B E KR

*1 TAISEI CORPORATION

[FC&IZ

ZEB b, BWREGHREC BT DR L I

(R R — LY EE = R — OFEMFERIN ) 2
Wttt LITT T A LR D@ EER L, KRHE
(bt nF%E 2 AR L Lk LTl E £ - T
Wb, SHIC TZEB % RIEZ 7= et & LT,
DML OVE DR 7048 = L X —3%0H 2 i 2 7= R
W) T, Al —nabrE | A EAEED S 50%
PLED 1 ke B A IR L 7= 855t ZEB
Ready ENLESIT HNTWD,

AFHEIX, SRR CENY) L 7 o8 EE ZEB
DOFEHZ B U= ORORREERE TH 5, BHIKIK
DOEETH LI TH Y | BRI TSRFEE O E
FHATE L TH D, AFEIISTEE =132 508N
T4 L TUZEBER#E LW E SN AE O EEE
JNZEIT D ZEB OS5 L ALERHT T D,

1. HIx - ZEBREDELEABLMM

Table. | (2R A7~ d, 72, Fig. 1 T2l
A ERT,

1.1. 77— FOS#EELENTEADREL

AFHETIL, AMELORER E LT, QF 7L AR 48E
(K BHBEDEMREL, @A T —AF T Low'E #
JEH T ADEM, @F v T 1 NICKHERER 7 7 A
Y ROBEEREEIToT, SHIT COz B —L VAV

(R EHE) 12X DMV EREZ EAEAL, Fh
LEMOIRRE K> T\ 5,

1.2, EIBEOSHFRLIC K HHREN & T RO™IL
AFHETIX, @EEY2a— LT T7— 1 WKV TE

DI, BUKHAR | IR BEZSR T (G- ER
e~ L, SISO TEBGTHEHC X D FEAR ) . N
e o —REEAIAE CY4LEA © T-Zone Saver) 72 &M
IR ORI 72 R 24T - 72,

1.3. BAIRILF—OHEER

AFHETIL, FTNVARCNOBFRIAZITH 120, &
TINAF NEFI A L 82 B3E LTz, KEADET-\ 4k
KRBT TN AR NTREEZ IR L., #58
FEIVIIAIND 7 L b — MIFIAT 5 2 & TR AR D
BRI L VA= —% K57,
2. F&EH

ARl CYHREAE R, BA LA - ZEB BiEiE
WDO—BZHEN Uiz, TERDA T 4 A ATHATH
61% DT R/LF—AHI L, SRIEEEAL eV, BN
#D> ZEB Ready #FH L7-, ZIUTX 0 REEIL (—
) BRBELAS =2 T F TNk B ZEB V—F 47 -
T —DFGEATH ZENTE T,

L% 2D OEIROREBREAEXY | X575
B, L0 A, PEEOMRS 2T L, A
B, HAREREEA B L 0L,

Takashi YUASA*!

Table.1 Building outline

Ba
BEx
BB

ERERERES

(R AR EREAMANAENETSE

KBR R ABR o R R ET2 T B 42%

BERS |EHR
SEERETR |#911,300nd

Btk

i [#01,134nd | #EER [#640n

b 186E. T 1R

BEmS [77.9m

BEtE

IH

2017.05.01~2019.01.31¢(218 A))|

WE |#EE —8 SERHICIU—NE SRS

AR — iR T+ B

BEEE

KRB T R E— R E LB

WIH

KRR BATa—RL—adV

kq2l)

FRL28EEE2ED AT VEEMF L BE R (RC02EHR) IR

ZEBY—F 125 -A—+— ZEB Ready(BEST) &}

CASBEE S5 (B =&EE)

EHEED1-ILFI5—

ATNAFVNRE

(BkEER) BmERRIRHRI7Y
! '.l."""'.' §7’!l«7<:——>; —\\‘//—
7k / !
Y 7 Zilid 4 EXZ / I
LERLTNRFY {| / //
— R TEREHIE - 's /
RA EAH S RERRC / /
BRI RO L |5
I 7
\\/ EA l A Il
INV *
A4 X o R INV S /
]~
Il ™ A
c
ERTRE LSBT
(AEBOHEER)
&NV . f
®]| f
b FINAXIARE
1 o U 1 QS BARREHR 7
c .:.
SRR (— AR
INV
BRERHEA K
AA — B
- SAR(FERE) SRR
=1 al W F7 N A% ARFIFR
[ T UBRRER FITNAEY FITNAEY
VAV ZEEE1=vk—VAV Pt | e
, ° : MANCREREL
e B ELL N ST~ EA
(] . == |
M
D! we | BF BE o DS
T pzr—ram copy——
E—4—45 U \BIE&H
SEIE—F X1 Px241px3+| %4 | %5
(D) sl (B Lok SAA) | BA | BA [ BA | B | A |
FTMAtvRRFIFE: | B | BA | FA | B | AR
@57 nax mEE=Re| BA [ BA |BA[FA|BA| |
SHEBE LBy P | e | A ] oA | b E99797 Bl st
ELRCTL BA| BRI B B | B FINAE RIS SR

M2 XIIF T LR XU ARFIAS 2 OB REETS

Fig.1 System diagram of HVAC

(Heating, Ventilation,and Air Conditioning)




A-12

ZEECANRN - A T SRR
FATHR TR R = SCE (2019.3.11)

H—<IT )y RERV AT LEADROHEFZICET MR
(B 1) EERMH7ILTY) X LEAVEREYRE O [ EFEREL DB
Study on Evaluation Method of Introduction Effect for the Thermal Grid Air Conditioning System
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"The thermal grid air conditioning system™ (TGS) which was a bi-directional distributed heat transfer system was proposed,
and the energy saving effect was demonstrated in 2015. In order to apply the system in general buildings, a simple calculation
method for estimating introduction effect is necessary. In this research, the program for calculating primary energy
consumption under the optimized operation state is developed. The TGS is expressed simply by using "calorie base model™
and is optimized by using genetic algorithm. Between the optimal operation and the individual operation are compared and

reduction effects of primary energy consumption are estimated.
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Fig.1 Thermal grid air conditioning system
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Qir = S; X x; (1)
QGir = Qir — CLip 2
QRy+ir = QG + QLy4ir 3
QLy+¢i+1r = QRN+ir — HLanyir 4
Qir :Quantity of heat (kwWh)

X :Load factor (-) (5%)

S; :Rated capacity (kW)

CL;r :Cooling load (kWh)

QG;r :Quantity of transfer heat from [i] to [N + i] (kwh)
QRpy4ir  :Quantity of transfer heat from [N + il to [2N +i] (kWh)
QLyyir  :Quantity of transfer heat from [2v + (i — D] to v + 1] (KWh)
HL,y4ir  :Quantity of heat loss from [N + i] to [N + (i + 1)] (KWh)

Bldg. 1
Chirk | apemi
5 )&Lr # N~
1/ Q17 wif QRyiir  QRysgtawsnllloniir
4 H
HOTESES QLay-17}
: v
HL3y /a0 \QRZN,T QRZNfl,’T; ZN:\ g.
N Qf‘.z..'\.'.'.T PV, QGy 2@
Qo1 A il =1
Bldg. N 7 \
N HL3y-17
Qn,
)
Fig.2 Concept of heat quantity base model
Bldg i HLoysir
CLi,T 0 i
ir /7 node numbering
4
Si JQir j\@w\f QRw+ir © | Node for calculating heat balance at bulding i:1~N
) " @D Node for calculating heat balance at loop pipe | N + i: N + 1~2N
QLN+i,T A Node for calculating hear loss 2N +i:2N + 1~3N

Fig.3 Description of node

CIEMER S EZFR L TR 18 1 Bk S e L,
K REMBIINE T, NEORFENH L LT 5,
cTIIW | 2Bk L, 1~24 D 24 W5 3 %, T =10
IKF, 0:00~0:59 O 1 A FFOBETOFRE LT 5 Z
EERIEL, BOWNDOFIIIRD X HITERT D,
*Qir Z0,HLyy, ;7 Z0TH D,

* QG Z 0DIE, HEWH & BAFIERLE O S a2 LT
W5, (BORIL—TRE NS BEY~TR TN D, )
* QRy4ir 2 0,QLyyir 200 & X KFEHEID 12N D
Z L FRT, (AORHISREFED 2TV D, )
3.2 BiER R

ARAFFENT B TEJRHE O FREERIL TLCEM > — /L)
SOEFHET T VI ST B R E vz,
B S D BRSO — IR = L —IHE &I A
77 BN HUKER T IEAK—IRAE T (LLF,
TTUAT LY, EOBJPERENEER L TWD & &
EROTF X —H{EENNME IS LI,
GA TIF BRI A T3 & R Con 3 Bk £ 4 85 1
& U Cfip 2 tRER 9 5 (5),

Eir =EPir + Eqir (5)

E;r  :Energy consumption of heat source subsystem(MJ)

EP;r  :Energy consumption of heat source machine(MJ)

Eq;r :Energy consumption of subsystem (MJ)

3.3 REAEDIRE
BEBER—RAET VTRl L72QLy r ERIEE LT
BETFEACTREBL. 22006/ — T EIZHAL
THEENZRNLOAELZE T2 Z &R TE 5(6).
IS KD WRE AR AR T S 2 LT E
DRI, FNLEEE X TRELT D,
QLy+1,r = QLy+1,max X XoLT (6)

:Maximum heat flowing from [3N] to [N + 1] (kwh)

QLy+1,max
XqLT ‘Heat transfer rate(-)
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34 MBERIZONT
EGRRICOWTIL, ZORE Z RN BED H 5

Im H720 0.01%HMET 5, LW O EEARE L CHE

LRSI DL LT,

4. EHEFE
A5 CRECFEICIZEB BT LI Y X L%
WAN BB T VT Y X LR D61 % 2R

AW L AEERE LTRY, W B MREL(BEM
¥R —o) & L HNE#E(LD 2 O v /7 L
TER L. HRET T 5, 2 BB b & 1TdeE Lzwn
AR NS D 0 | B >T N b N EWICH AT
RIZHDHMED Z & Th D, AFFE T, Aff THIER

22N - A L il S
iR R i (2019.3.11)

ANF—HEEL 155 L LTS,

5. HH#ER
5.1 5tE&EH

RGELT L) TITEMN45HY T, &
VIFMOBE RS LIZEOEWM S 100m &5, i
ZIOFNHIE BRI Tablel [Z/R LTV 5, i b ERRE
DATRE COP D% Figs |2~ , THIEIRINGE
TERE @O R b2 B < BFH@ 7 i b )-8
BNE W) FRIT R D, BEWARNTIE Figs I3, Z
DL E AHMEE T D L ENE N OB OB TR
Fig7 DL 512727z,

Tablel Equipment conditions

720, BRSSO FFMERRZE R BB T L b FEIEEIRTE & Bldg.1 | Bldg.2 | Bldg.3 | Bldg.4
OFHZ AT 5 &AL LA < ORI | peotheatsouse | e, | M | A |
A 8 B YERGHIE RS AN 5 L ARE L, BlL e b By [aehine tsh) | ¢s2) | (so) | s
" et e o . . _ Rated capacity(kW) 800 550 1400 1500
BIf L T DAt R 7 1 77 A& Python DL T A s 5 26 | 814 ;
~Z 1 DEAP # W CTERR L7-, consumption (m%h) ) )
2 = Rated Electricity
41 B—BAMREL consumption(kW) 143 /3 103 200
W ARG T RIS E %7 sbfkox  [Eegemmin | o |5 | w | s
N N Al = . N . of subsystem
ANF—HEEL L BUNCOPEE 2 72 LR 62T :
o N o Rated COP() 150 | 097 | 118 | 217
O/ —=FIZOWTRHAL, =XV F—HRREDZH (primary energy)
Length of piping
SERCE Beteenbuildingsqm)| 100 100 100 100
Objective function :Primary energy consumption Heat loss rate(1/m) 0.0001 | 0.0001 | 0.0001 | 0.0001
Pump efficiency(-) 0.6 0.6 0.6 0.6
YA (EL B+ I, Wair) Diameter of
f= ” (MJ/h) @) Sibing(m) 0.15 0.15 0.15 0.15
------ HS®D = - HS@ HS@ =——HS@®

W : Primary energy consumption of pump (MJ/h)

N & H ORI ITE s F 2 523 B A 01
T 5 & BEREZIRET D,
42 ZBMIRETL

H—H By i LT, BUEEs A RIBIEKIC
BUNZORGEZ A LTEE R T 2, LTICEDOR
A BE% A 71:97(8),(9),

Objective functionl

:Primary energy consumption

24 )
fi = (L 151;:‘21 1 Wh+ir) (MJ/h) (8)

Obijective function2 :Heat balance

JZ [(2{\’1017' Ez ;jLzT Zl 1HL2N+LT)] ’MJ/h) (9)
4.3 EfriEin
ATDRFZMEIRAE T, HWEMRABICE Dol & X

Z OO RNV X —{HEEZ 15 [FLERRE O
30 Zrai HiEdE Likd 5 2 & 2 E LT 53
NT 4 B 52 BB fRTRER OB T, BRI E S L
TWDIRA EelfiE & L CGRITNT< L, 2ok,
Leg xR & e 2 E B E R C b B RIS Z OREZ O =

0 0.2 0.4 0.6 0.8 1
Load factor(-)

Fig 4 Relationship between load factor and COP
OBldg.2 mWBIdg.3 mBldg.1 mWBIdg.4

Fig.5 Cooling load
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5.2 Z HMIREIL

ZH KL TELONIZERE R L T, 1R
2> X 100 {4, 1 E{KIC> X 120 5T Y . 10000
PARGEHRE L, BHERFRIL 15792 TH -7, (CPU:
Core(TM) i3-4170(3.70GHz). RAM 4GB)

% H ik b T S 2 i gl d Figs (TS L
— MEERK LTz, Bl = 3oL 5 —74 2 &, i
BN (EH 08 TIPS A Lo Tn D,

fitnesses
‘. + Final Generation
6000 \
.\\
5000 LY
= ,
£ A,
= 4000 0-,.
e s,
g "
2 3000 .~
2 "\
o
& 2000 ‘\,“_
"o,
1000 4
"«.\.'W‘
0 T N—
0 1000 2000 3000 4000

energy consumpution{Myh]
Fig.6 Multiobjective optimization last generation

Z D95 Fig.6 (ZI\WTHRAL T - 7= fif O EFIK A
iR % Fig.8 (77, HEFMD A RIZONTHT
HDH L bENRO BRWEFE@ O ISR 2 24
E AR THRE L TR Y ik bAIROBENEIREOIT
2 GEELTELT RO R WVEIENTE S L0 L
Do BUEN 1 B h—ANTHhDE~YATRATRD
R 1RO DT RT 5%LUNITINE > TV D
DTHAFRHBAN L F R D,
53 BE—HM&EHEL

WIZH— B IR IE(L T b RIS TR L7z, (1 AR
300 fE{A&, 1 fE{K 96 EixF. 3000 HARGFHF L, G5
RFfIE 12520 F0)Fig.9 IZBR A E L2~ ZHIY
LRI, BARRE@ o S AT ER T3 S, BR

o HS@D HS@ =+ HS® =-* HS@ o HS@
1.0 N
0.8 ,\....“0—.""“
O ’ :..,- "*‘r.‘.“"\
506 ,,.’ s : "
& - I oo, I
S04 lo.*(l, ..0 ool .
g
S

Fig.7 Load factor(individual)
B TGS(multi) B TGS(single) O individual operation
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QN EI RSN TV RN I L IIERTE 2, — R X
LF —HE BRI R B A B D LS R aEN
HH AR RIZ X 2T b B 472 (Fig. 10, Table 2),
6. £&H

- WEAEFE DR T 7 /U MR oM B ) 2 0 %
24 FECRMHNTE 2ER—RET VORELY L,
- Z R & Bi— BRGSO 2 Y OFIEIC
DWTORMT v 7T AEER L, WFEIZIB W THI
BN D & 5 EFHERE RN R Sz,

- T AU FFA TR AL 2 BT 5 % B B
ETIX XV E =R EHOMERSITHZ LN TED
AlREME A R LT,
cAHOFBEE LT, A RIEIC OV TR AR FHR
B AR D 224 M O R FHEIFR G O 7= D D 4]
HEOREREODTREALETHD EEZ D,

HS®@ =-e-HS@ =e -HS@ ——heat balanse

Fig.8 Load factor (TGS, multi objects)

EESN
DHRIEED (1T v 7 ARRBREICBIT 59—~ b
7V NOWA & hRMBFEGE 5 )W E BB ESS 52
Y —=n7 YUy FEXOkE ] ZEKFHF - A TS K
AN E TR SC4E pp.165-168,2016 4F 9 H
DREILEES [ 2T v 7 ARRIBTREICE T 5 —< L
7 Uy RO & WRMRFECE 4 Wil TEE 0w )
e - A TS RS FME R CHE pp.161-
164,2016 4 9 A
M RER S [Hk= L F— 27 ADRK#ELIZB T
LEBENRBTIE WM FEOBEET VI Y X ADORZE
(5 1 H)EEIE 2 & U IBIN S A T MBI 2 i
FHEHEIRE 5 | ZBRGRRD - f4 TSl No241 p.11-
20,2017 /£ 4 A
DRLEFHR S =<7V v R AT AIBIT D k=T
FX—{HE BB RICBE T 2R (E D DBBHT L
Y X hE AW REAGLR Y — o OHEE ] 22K -
BE TP KPR R UL 8 % pp.61-64, 2018 1F- 9
SE LA EE KEEREE/TERES LCEM Y —/1 Ver3.10,
2014 ££ 2 /]

e HSD HS@ -+-HS@ -+ HS@

HS® high 3

A VAL xl
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Fig.9 Load factor (TGS, single object)

Table 2 Primary energy consumption and reduction rate

TGS TGS Individual
(multi) (single) operation
Integrated energy
99982.7 102546.7 123881.0
consumption (MJ)
Reduction rate (%) 20.2 17.2 —
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Study on Evaluation Method of Introduction Effect for the Thermal Grid Air Conditioning System
(Part2) Proposal of Simple Evaluation Parameters Based on Block and Building Characteristics

Omff HEAr  (RIGHIRT) AR R CRBRTTSERE)
S BT (RPRMNLRE) R IEE (KRBRANLREE)

vt Bfs (REGHNLRS)
AT T GRRENR—IVT 4 T R)
Yoshiki TAKAHASHI*  Masashi ISHINADA*!  Minako NABESHIMA*
Masaki NAKAO*!  Masatoshi NISHIOKA*!  Daisuke KUBOI*2  Hiroyuki MAEDA*?2
*10saka City University *2 Tokyo Electric Power Company Holdings, Inc.

IRH RECRRE I R—NT 4 T R)

The final goal of the thermal grid system is to be applied to a general urban area. In this study simplified indexes to estimate
TGS introduction effect from the condition of building load characteristics, inter-building piping length and heat source
equipment characteristics are proposed. A parameter study is conducted in order to confirm which indexes are effective for
reduction of the primary energy consumption. The relationship between each simplified index and reduction effect of the primary
energy consumption are analyzed by using our optimization program for TSG. As a result, it is found that the heat source
equipment loading rate is more effective parameter than the inter-building piping length.

1RSSR - B
=<7y RAT ALLT TGS &3 5)i% 2015 4

N . Indivisual PEC;
Reduction(%) = {1 - (Z"l w l)} x100 (2)

TGS PEC

FEX | EEE R CISERBRM T TR Y | K 69%
O CO HEHH BRGNP R SN TS Y, Ll EHEE
BoRs &S | RERI AR E A R o A xR & LT
LI, KU AT LO— MRS THRWY, £ 2T,
ABFFETIEL TGS D—MERA~DEAZFE L, HX - &
WIRHED NS TGS EANSRA THIT H7-0 0, flisaHilifE
Rz AERT %,

2 AEBE

21 —RIXRIIF—HEZRIFHROAE

ST DA A R T 5 72012, B CA AR
OOMERK LTz b 7' v 77 L& HW5, [TGS iEiisk:]
OIEFRRAE L | TGS HEARTOIRAE [EFLEER] & DLl
TV, —IRERLXF— B BHREEIR AR L, 53
HIE & DBRZ MR T 2, FHERIEICITNQ) 2V 5,

YL (B Evr + 20 Wiair) ()
24

f:

E : Energy consumption of heat source machine(MJ/h)
W : Power for conveyance of heat (MJ/h)
HITRERIT TGS EARTOMEBIERA & FLi U 7= BROHIT
FLlL, UTOXTEET S,

2.2 {6 B ETEERR D VERL

AMFFRIZIT D 7 v —K % LL R (Fig. 1), TGS 2R
OPEGELE S AT A Clk, VARt [EMEdE R
S TENERERRE) NIRRT —HIRR R T 5
2 HERERE L TEZBND(Fig.2), ABFETIE, Zh
5 OERICET DM FHIEIEZ/ER L, T A—F R H
T A ATWIRIEO A A Z ST %,

XY 7T MEiakak) e TERiRR] O3
DO E TR E LT AR DOHIX LT 5,

TGS model o Individual operation model
Energy consumption Energy consumption

| Simple evaluation parameters

Calculation result of indicator |<=| Primary energy consumption reduction effect

|

If the correlation is strong, it is regarded
as effective parameters

Fig. 1 Flow chart of this study
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S, BAERA B - BB OPERE D727 & D TENIRERRME )
BT DA R EER LT, DLTFICR s — S AR T,
Table 1 Character definition

HL : Heat loss to the environment (MJ/h)

W : Power for conveyance of heat (MJ/h)

CL : Cooling load (kwWh)

BL; | : Cooling load at each time(kWh)

t, : Load duration time (hour)

n ;time(24h)

BL | : Cooling load average(kWh)

L : Inter-building piping length(km)

LF; : Load factor at each time

tg : Operating time of the heat source machine(h)

PEC | : Primary Energy Consumption (MJ)

31 BMETEE

B R O 2SR A M ICER LT, ARMBREL TN D
IR OARTEAMEICE B L, X (2) IR TR 2
Do Flo, B =7 Af & N—RAM DD/ ST IUTER
BOMIROY ) B2 M2 HND Z D IEHL DX DR
e LT Q) IR RAZ AV S,

®)

@)

32 EYRHRERS

EpREE R SIIRTIUL, =~ 7Yy RV 2T A
DT AY v b & LUTHEIT B LB LD r ZA0EIC
DIND IR TSN KRE L2V | BYaa S 27 SO
KFTHEEZLND, I 2b—aliERED, B
& R TE PV EYRIRE R ST 22 L bhd
(Fig. 3), Zarinetal 21X, Okm, 5km &KE L7=%H DR IF
ENEE S 2T b EERIS AT D ONRO AT - 72,
A UOLRIEEEEDS Okm DIFAITIZ, W) DB DFA
AbETHoTH AR AT L LD LIEBEL 2D
&R LT-, — 75T 5km OEAITIE, VAT LOREYD
MABDEDONRY — N> TE, @RI AT L LD H—
WEFNVX—HEEDPH X DHE0NH D EHERHL TV 5,

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

Z 20 @) TR TR E R S 20RO
RET D, BRI EREIO - FMONL— e HZ LT
BY)OEEDIELSENRITE D,

1
N ®)
33 RRHARR

ARt L LT, [MERLERR] TOREM COP 2ME< (T

MU, TTGS EHARE] D—kr /L —{HE BHEIR
REL 2D ETHTE %, £ T, EHAATIEERRF D COP

LX =

L ROV MR & LT, @%u@%méﬂﬁ L B
TR D PR B R 2ok o G PR AT
FOTVHHE R LT 5,
t .
LFe = 2 LR ©
tg

*Total floor area
*Peak load

L *Base load

[ *Operating time

. +Capacity of heat source equipment
- Efficiency of heat source equipment
L *Load factor
. *Piping length
[I :Building
. :Heat source equipment
|| :Loop piping
Fig. 2 Elements affecting system efficiency
oHL oW
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[ ]
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£ 40 8 S
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20 4
[
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Total piping length between buildings(m)

Fig. 3 Relationship between length of piping and

HL (heat loss), W (Power for conveyance of heat)
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BERIDFMOHREENNSED/INTA—FAZT 1 1T
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oo BRIE LTz 38— - BURIBVE R 1B 5815 LX
DA% Table 2 12733, [EBE#ERR] DO—RT R —{HE
BT 3B AFT 8403MIN Th o7z, Kb v 7T A
ZHNT, K= O—RERNVF—HEREZFHHT 5
LW Th, TGS HEAIZL T, T2 L300
7o HIBGHRIZIER 35 &4 7.8~9.4%DHIBEI )35
N, —H/EER SOEVRE =2 1 OEMORIC 9.4% &
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DTz, VAT HDRRD R T I — T AT
B RSB OB NS N L3, BIBSICE L
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Table2 Parameter study on inter-building piping length

type 1 2 3 4 5 6 7 8
Pipe length Il 0.05 0.06 0.07 0.08 0.1 0.15 0.3 0.35
between each OeII | 005 | 0.06 | 0.07 0.08 0.1 0.15 0.3 0.35
building(km) M1 | 005 | 006 | 007 | 0.08 0.1 0.15 0.3 0.35
Total piping lengthZ L(km) | 0.15 | 0.18 | 0.21 | 024 0.3 0.45 0.9 1.05
The value of LX 11.556 | 9.62 8.25 7.22 5.77 3.85 1.92 1.65

Inter-building developed pipe length(m)

O :Building

— — — - :Pipe

I : Accommodation facility
II : Commercial facility
I : Medical facility

Fig. 4 Layout drawing of 3 buildings

Table 3 Breakdown of primary energy consumption of
each pattern

type 1 2 3 4 5 6 7 8
PEC (MJ/h) 7615 7628 7648 7639 7651 7661 7749 7723
HL (MJ/h) 9.3 10.0 11.2 12.9 16.7 25.0 55.3 58.4

W (MJ/h) 3.7 0.9 1.5 1.6 2.6 4.3 12.2 13.0

10 ) 1
— 5 4 3
R 9 g & B B g B u
=

7
8 8 Hy
T 7
S 6
8 s
3
g 4
Ej 3

2

1

0

0 2 4 6 8 10 12 14

The value of LX
Fig. 5 Relationship between simplified evaluation parameters LX and
reduction effect
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OEEL, ZHHDOEMOD 4 W) TR S D 3 DD
DAY — a, b, ¢ ZAFR L7z (Tabled), a’l%24 if
[t 500kWh O3 FAFTHMEE T 5 B, b1 0~6 1, 18~24
DR FEAT)S OKWh T 6~18 FED 1 A fi A 1000kWh >
2. 1% 0~6 IF,18~24 FFDIRFEATTHY 250kWh T 6~18
REDIMTEAM DS TS0KWh D & 72 5T D, ZEho
AffNF — % Fig. 6 127, @HEE R SIE, Wit
DR =% 4 HOORYERRET 100m & L7z, (E5]#HR
DOBIHEATTHETY LFae ZZ2LIH 5720, KEMITER
B9 5B 1 5 OERHE ) % 1200, 1900, 2600 kW D5
T, EBIEERF O BFHE D AFTETE LFae (2B 53
TA=BAZT 4 &AToTc, A/ 3% —2 a, b, ¢ Tl
K@) TRTAMDTH) BL 135 LWERHET, K% —2T
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v — 7 Bfif & = A B DFEBLg, DI INFETR > TN DS
HCdh 5, Fig. 7 \EBERRE O AR FEILE,,, & B
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A2 — abe OHERAET 5 & [EREERRF O A fir
FVHEILF e WA TETH - ThH, /37— ¢ OHREEhE
MREL 725 TND, ZOBH & LTE, TGS iz ]
DIBERAEDZEIC LA LD LB 2 b5, HBEERRED
ARTFREEILE,, XA RARRE CH D L\ 2 5,

Table6, Fig.8 £V . AMOIEHE(R BLsp 1L, ZAJED
ERBESNCE D B, E = T LI —EDE &2 D720,
BN & OARBERIRIIHERR+ 5 Z L W TE Do T,
6FELED

ABFFET TGS DX A~DEAEIE L, HAZE
Z T2 7o DI 5 Ml RIS 2 /R L TGS AR T
D— KT HVX—HIREEh R & OFHRIBIRZ 04T LT, &
MR R &, BURBEAATRICRET SRR DWW TiE, Wi
G HIBENR & ORI HER T & 1=, EMEdE R &
2B A LX ML L T HHBEhEIL 7.8%~9.4% L
720 HBEh R OIS o Tz, —T7, [EBIFEERE D&
TRFEEY) LFae0.2~0.6 OFPH T, HNEZh R & AOMHBIN &
DT NG HIEEhSE 0.1%~375% L 2k LT, &
ST, BIFHEAR R LFae DI DHEBNREZ N M
Gyinolc, BRHER B OFRE BIE LW a R OfEE
{72 BLsp (2N T, ARBIBIER SRR C & 220 o 72,

LRIE ST A= F AL T 4 D — AR E R LSRR
& HIBENR & OFHBIRR A MR T D B B V) | FHERAIIC
IXEARIEICE DT 21T 5 72 & OReA b L7 iRiE A 124
L72vy,

Table 4 Cooling load

Indivisual CL(kWh) Sum of CL(kWh)
Times of Day a' b' c Times of Day | a=4a’ b=4b’ c=4c’
0~6 500 0 250 » 0~6 2000 0 1000
6~18 500 1000 750 6~18 2000 4000 3000
18~24 500 0 250 18~24 2000 0 1000

22N - A L il S
iR R i (2019.3.11)
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Fig. 6 Cooling load of each pattern
Table 5 Result of each pattern
Capacity of

heat source 1200 1900 2600
equipment(kW)
pattern a b c a b c a b c
BLsp(10° )(kWh) 0 4 1 0 4 1 0 4 1
LFave 0.42 0.83 0.42 0.26 0.53 0.26 0.19 0.38 0.19
Indivisual PEC
(MJ/h)
LF average 0.45 0.83 0.50 0.34 0.53 0.37 0.28 0.39 0.36
TGS PEC
(MJ/h)
PEC
reduction effect(%)

5835 | 4184 | 6002 | 7040 | 4520 | 7178 | 8403 | 5025 | 8515

5619 | 4180 | 5235 | 5976 | 4510 | 5621 6255 | 4899 | 5322

3.7 0.1 12.8 15.1 0.2 217 256 25 375
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Fig. 7 Relationship between LF,,. and PEC reduction effect
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Fig. 8 Relationship between BLsp and PEC reduction effect
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Research on Air Conditioning Load Control Using Prediction Model of Passage Temperature
in an Underground Mall with Outdoor Openings
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Takahisa SASAGAWA*!

*1 Kobe University
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In recent years, commercial use of underground mall is progressing. In such a space, the energy consumption required for

air conditioning is large, due to a large number of visitors and large outdoor openings. In the study, we analyzed the

temperature distribution of the underground mall with openings to the outside by measurement data, and the relationship of

outside air inflow using a thermal environment prediction model.
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Table.1 Outline of objective area

Total floor area[m?] 19,109

Air conditioning area[m?] 13,709
stores 10:00~20:00
Service restaurants 11:00~21:00
passage 6:00~24:00
stores 10:00~20:00

Air
restaurants 11:00~21:00
conditioning

passge 9:00~20:30




stores 2 passages

131,600

%]
- restaurantsl
stores * restaurants
stores3

87,450

Fig.1 Objective air conditioning area
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Fig.2 Position of openings and return louvers

Table.2 Outline of fans

Air flow [CMH] Number

Supply fan 64,800 1

Return fan 32,400 1

Exhausted fan | 37,200~69,600 1
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Fig.3 Position of thermometer and ultrasonic anemometer
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Fig.6 Air temperature at the thermometer @) on 20 July
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Fig.7 Air temperature at the thermometer @) on 27 August
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Fig.8 Air temperature at the thermometer @3 and wind direction

by ultrasonic anemometer on 5 September
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Fig.9 Standardized temperature and wind speed on 5 September
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Analysis of Actual Energy Consumption and Electricity Demand of Cafeteria Facilities at University
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The purpose of this research is to grasp the usage situation is the cafeteria facility of Ritsumeikan University Biwako

Kusatsu Campus and clarify the cause of the large energy consumption. And it is to clarify the breakdown of energy

consumption of the cafeteria facility as a whole and to make it an indicator of improvement to the demand reduction at the

peak time.
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Fig.2 Demand breakdown by building use at peak time
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Table.1 Outline of cafeteria facilities
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Fig.4 Union Square 2F Floor Plans

Table.2 Occupancy rate list of each device
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Long-term Evaluation on Energy Saving Performance on RC Building

with Wooden Exterior in Cold Region
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Yuki UNO*!  Shinichi SHOHO*?  Shunsuke NAITO*?
Atsumasa YOSHIDA*!  Shinichi KINOSHITA*!  Yoshiaki MATSUMURA*3
*1 (Osaka Prefecture University *?> Koshii & Co. Ltd. * Yamashita sekkei INC

In this research, it is evaluated the energy saving performance on RC building, Yonezawa city library, with wooden exterior
on the whole outer wall by measuring the surface temperature and the heat flux on the wall and window and the indoor
thermal environment for long term. As a result, in summer and winter, the diurnal change of the surface temperature of each

components decreases from the surface of the wooden exterior to the inside of the building.
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Tablel. U value and thermal length®->

Thickness U value Thermal diffusion length
Wall 5
[mm] — [W/(m" * K)] [mm]
Wood 100 0.81 64.8
Airspace 65 0.404 780
Polystyrene foam 15 2.48 171
RC 250 9.20 169
Entire wall 430 0.237 -
Window 24 1.8
Ceiling 202 0.522
Table2. Area of each part
Area [m’] East | West | South | North  Sum
Wall 495 574 349 449 1868
Window 233 152 195 106 686
Ceiling - 970
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Study on the Thermal Radiation Air Conditioning System from the Concrete Slab
(Part2) Questionnaire Evaluations at Government Office Building in Winter
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Toshinari TAKETANI*!  Yoichi KOBAYASHI**  Tomoyuki CHIKAMOTO**  Tamaka Ono*?

*'YASUI ARCHITECTS & ENGINEERS, INC

*2 Ritsumeikan University

It is the purpose of this research to find optimum operating condition when we operate thermal radiation air conditioning

system from the concrete slab. In this report, we measured room temperature and humidity and took a survey in winter at

the government building where this system is introduced. As a result, we confirmed this system create no upper and lower

difference and no air flow and that it’s so hot that we need to control to operate.
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Study on the Thermal Radiation Air Conditioning System from the Concrete Slab

(Part 3) Questionnaire survey at the office during winter heating
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Yuki TAKEUCHI*'  Yoichi KOBAYASHI*' Tomoyuki CHIKRKAMOTO** Tamaka OHNO**

We report system outline, simulation method and results, and thermal environmental survey in winter in case of
introducing the Thermal Radiation Air Conditioning System from the Concrete Slab office building. For the Thermal
Radiation Air Conditioning System from the Concrete Slab, it was confirmed from the questionnaire result that there is no

air flow, vertical temperature difference, and quiet. As for the thermal environment, investigation of operation method is

necessary because there is slab heat capacity.
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Table-1 Heat balance calculation formula of room
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1
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t(n)) + Kadga (t - t74 )+KW4AW4 (t - t )+K/4Ar4 (552) - trg‘n))‘*R‘l'heu: Ary

4 PR R

+1
GroVraa (65 = t%) = Carpuir Qpa (65 = ¢) + apdea (53— 7)) + Kradea (6 —

th))
3 PSR SR
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tf(;))
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Development, Performance Verification and Evaluation of Multi-split Type Air-conditioning and
Energy Management System for ZEB Oriented Energy-saving Office
(Part 10) Analysis of Air-conditioning Efficiency and Energy Saving Performance of
Natural Ventilation in Intermediate Seasons
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Energy reduction in air-conditioning system and designing comfortable space are both important issues in office buildings.

However, it is often said that there is a relation of a trade-off between these two issues. In order to achieve a decent balance
between energy reduction and environmental enrichment, this paper focuses on evaluating the energy-saving performance
and air-conditioning efficiency of an office during the intermediate seasons. In order to clearly distinguish the effect of
ventilation and mechanical air-conditioning, Air - intake Ratio (4/R) was defined as a new index and used for evaluation.
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Study on estimation method of flow and water temperature for sewage thermal utilization in an urban area
installed separate sewer system
-Validation analysis based on actual measurement value of the sewer pipeline-

OffA FEgY (CRIRTiZRY) s EET (RIRMSLKRT)
i Efe CRIRATSZRS) B F— (BERma Lz h)
=% 1 BERM=aLE )
Kosei FUIIMOTO*!  Minako NABESHIMA*! Masatoshi NISHIOKA*!
Koichi SAWABE**2?  Masahito MIKE*?
1 Osaka City University™2. Sogo Setsubi Consulting Co., Ltd.

Sewage heat is an unused energy source that has potential to be tapped. In order to grasp the potential of sewage quantitatively,
it is necessary to establish an estimation method of sewage thermal potential. The estimation method for sewage flow and
temperature was proposed in Osaka city study. In this study using its estimation method, sewage flow rate and water
temperature are estimated in Fukuoka city. Then, the verification results of the estimation method of Osaka City and Fukuoka
City are compared. As a result, it is shown that these estimation methods are applicable to Fukuoka City.
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;L Iivi1 F+ G
CTILEGC @
— . (2m)
;= (Da + a) + BAs o Sin <T + 600 + y) (@)
G' :  Sewage flow at estimated point (11i/day)
G :  Sewage flow at treatment plant (mi/day)
M F;x: Total floor area within sewage
treatment area (1)
N Fy=: Total floor area within estimated point (1)
C; : Correction factor divided by type of
building use
D, ;. Daily average sewage temperature on day j (K)
D_a . Annual avarage of outside temperature(K)
T :  Period(One cycle is 365 days)
Table. 1  Correction factor for each building use
Correction facter C |1 0.75 472 224 [2.07 0.82

Table. 2 Comparison list (Osaka city)

Outside Sewage Coefficient comparison
temperature qf tem“erature wi
Annual average 173 924 Temperature 541
temperature (K) D | - : difference a :
amplitude A 10.8 5.2 Amplitude ratio g [0.48
phase 6 -0.44 -0.68 Phase difference v |-0.24

Table 3. Comparison list (Fukuoka city)

Outside Sewage

Coefficient comparison
temperature 4| temperature W

Annual average
temperature (K) D

168 227 Temperature 5.95
) ) difference a )

amplitude Af 11.9 5.22 Amplitude ratio g [0.44
phase 6¢ -1.1 -1.36 Phase difference ¥ [-0.26
amount — -sewage outside air temerature — -outside air temerature
value) i value) d value) (estimated value)
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Fig.3  Estimated result of sewage temperature in Osaka city
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Fig.4 Estimated result of sewage temperature in Fukuoka city
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Table.4 Classification table by building usage ratio

Classification |Applicable actual Rate of Rate of |Rate of commerce |Rate of |Rate of medical |Rate of
name point | ing(%) |office(%) ilities (%) hotel(%) |facilities (%) others(%)
A -1, ®-2. ®-3 |0~4 24~35 |0~2 0 0 65~70
B @-1 0 99 0 0 0 1

c @-2. ®-1. @-1 10 1 0 0 0 99

D ©-1. ®-2 37 33 4 0~1 1~3 22~25
E K1, K2 7~8 64 1~2 23~24 10 3
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Fig. 10 Estimation accuracy of sewage treatment plant
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Fig. 12 Estimation accuracy of each point in Fukuoka city
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Study on growth environment of leaf vegetables in plastic greenhouse
-Estimation of illuminance and room temperature based on observed data-

OmH T3 CRBRHINZRT)
[ Y ON R N )
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Chihiro TANAKA™  Minako NABESHIMA*' Masatoshi NISHIOKA**
Yoshiyuki OOHASHI*?  Yasutaka KITAGAWA **
*1 Osaka City University ** TORAY Construction Co., Ltd.

In recent years sharing agriculture which combines 10T technology with high floored sand cultivation agriculture has attracted attention.
Therefore, even for beginners, it is necessary to organize environmental conditions so that they can easily tackle agriculture. The light
environment and temperature environment inside and outside the plastic greenhouse are observed in Kyoto. A method to estimate the
environment in plastic greenhouse from the outside environment is proposed on the basis of the data. As a result, the harvesting days of leaf

vegetables are estimated from the outside air temperature and the solar radiation in 5 cities.
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Ly=a-B-exl, Eq.(3)
Lp=a-B-y-&xl Ea.(4)
Wease = 5.320:0005% PCL Eq.(5)
Wiyest = 14.39¢0-0004% PCL Eq.(6)
diy = Y.PCL1go/EPCL Eq.(7)
demp = YTi00/ET Eq.(8)
1 Amount of solar radiation[kW/m?]
PCL | Hluminance[kLx]
X, X of outside
Xi 4 | Xof the upper bed in the plastic greenhouse
X;p | Xof the bottom bed in the plastic greenhouse
a Transmittance of vinyl[-]
B Transmittance of shading net[-]
Y Transmittance of the upper bed[-]
€ Correction coefficient of each monthl[-]
w Weight of harvest[g/pieces]
»PCL | Integrated illuminance[KLx - h]
d Harvesting day [day]
X Estimated value of X
X100 | Necessary condition of X for 100g of leaf vegetable
T Integrated temperature[°C - day]
Table 1 Coefficients of regression analysis
Coefficient A B a-f-& | a-f-yv-&
Value 100 90.9 0.59 0.10

0.4 0.5 0.6 0.7 0.8

Lilkw/m2]

0.1 0.2 0.3

Fig. 3 The relation of PCL;,, and I;,, in the plastic greenhouse
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Fig. 4 Estimation of illuminance and temperature in the plastic greenhouse
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Fig. 5 The relation of weight of harvest and integrated illuminance
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Fig. 8 The daily average temperature in the plastic greenhouse
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