A-1

ZHRFAEZEME LR KBEEROME
—F 138 SHELHMRICEITHMTKREOHTE &L FEHMBRICRITT ZE—
Study on Aquifer Thermal Energy Storage System for Space Cooling and Heating
- Estimation of Groundwater Flow Velocity and Its Effect on Seasonal Thermal Energy
Storage in Umekita Area -
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The thermal storage air conditioning system using the aquifer can contribute to energy conservation by using the

geothermal and waste heat of the building. In aquifer thermal energy storage, when the groundwater flow velocity is large,

the heat storage mass is made to flow, and recovery efficiency deteriorates. In this study, we measured the flow velocity

using the Darcy's rule and compared the flow rate identification value obtained from the long-term heat storage experiment

and the simulation .
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. Stop period .
period period
8/19~9/14 | 9/14~10/13 | 10/13~11/4
25 days 29 days 22 days
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Table 2 Outline of pumping test

Name 4/12 heat source well 2
Pumping test
Start time 10:00
Finish time 14:50
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Table 3 Permeability coefficient
Jakob method T= 2.3Q
4mAs
Recovery method = 2:3Q
4mAa

Q:flow rate (m?s)
(m%s)
residual water level drop (m)
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T: permeability coefficient
As: water level drop amount (m)  a:
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Study on aquifer thermal energy storage system for space cooling and heating
—(Part2)experimental result of thermal energy storage in Umekita area—
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Thermal energy storage air conditioning system utilizing aquifer can contribute to energy conservation by using ground

thermal energy and waste heat from buildings. The purpose of this research is to show the results of the daily and monthly

thermal storage experiments conducted in the Umekita area. In addition, by simulation, we clarify that pumping

temperature response can be explained by setting appropriate groundwater flow velocity and dispersion length. As a result,

it was found that the heat recovery rate was about 80% in daily experiments and about 70% in monthly experiments.
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Figure 3 Aquifer temperature ExperimentOresult
Table 1 Heat recovery rate ExperimentOresult

7/9 7/10 7/11 7/12 7/13

Table 2 Heat recovery rate Experiment@result

Cycle number 1 2 3 4 5
Cumulative injection volume(t) | 449 | 453 | 456 | 453 | 452
Cumulative return volume(t) 328 | 325 | 325 | 326 | 326
Input heating value(GJ) 87| 65|56 | 51|48
Output heating value(GJ) 53 | 46 | 41 | 39 | 3.7
Heat recovery rate(%) 61 70 | 74 | 76 | 77
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Table 3 Heat recovery rate Experiment result(13°C)

at Takasago area

Cycle number 1 2 3 4 5 6 7
Cumulative injection volume(t) | 539 | 533 | 543 | 544 | 541 | 536 | 531

Cumulative return volume(t) 511 | 529 | 516 | 531 | 520 | 477 | 475

Cyole number 1 2 3 2 5 5 7 ) Input heating value(GJ) 98 [112 117|116 |116|116|11.3
Gumulative injection volume(t) | (454) | (460) 121812211221 1217|1218 | 1220 Output heating value(GJ) | 78 | 87 | 88 | 9.2 | 89 | 86 | 86
Heat recovery rate(%) 79 78 75 79 76 74 76
Cumulative return volume(t) (1012)[(1112)| 1201|1203 | 1201|1203 | 1204 | 1205 Table 4 Heat recovery rate Expe . ent result(6°C)
Input heating value(GJ) (73) | (54) | 37 | 28|24 |20| 23|19 at Takasago area
Output heating value(GJ) (56) | 47) |29 |23 |19 |16 |19 | 16
Cycle number 1 2 3 4 5 6
Heat recovery rate(%) @7 | 81 | 78 | 79 | 82 | 81 | 84 | 84 Cumulative injection volume(t) | 326 | 323 | 349 | 337 | 337 | 333
20 Cumulative return volume(t) 232 | 190 | 190 | 185 | 186 | 180
30 — — Input heating value(GJ) 156 | 15.7 | 16.8 | 16.3 | 16.4 | 16.2
20 Output heating value(GJ) 87 |79 |81 |81 82| 81
§ 18 Heat recovery rate(%) 56 50 | 48 | 50 | 50 | 50
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Table 6 Simulation conditions

Calculate condition

Calculate area 50m X 50m X 50m
Target Aquifer depth GL-47.5~57.5m

Flow rate(t/h)
o

N
o

N
o

&
1<)

-80

Gravel 5.7 X 10 (m/s)

Hydraulic conductivity
cay® | 1.0x10%m/s)
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Figure 7 Aquifer temperature Experiment@result
Table 5 Heat recovery rate Experiment®result

Cycle number 1
Cumulative injection volume(t) |37456
Cumulative return volume(t) |36911
Input heating value(GJ) 406.0
Output heating value(GJ) 285.0

Heat recovery rate(%) 70
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Figure 8 Ground model

Gravel®| 3.18(MJ/m*:K)
Cay® | 38.06(MJ/m3-K)

Thermal conductivity

H . Gravel® 2.07(W/mK)
eat capacity @
Cay 1.2(W/mK)
Porosity 0.3
Natural Ground water flow rate -3.16m
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Study on Aquifer Thermal Storage System for Space Cooling and Heating

(Part3) Investigation of heat storage utilizing cooling tower in winter and precooling return

water in summer on seasonal thermal energy storage
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Thermal energy storage air conditioning system utilizing aquifer can contribute to energy conservation by
using ground thermal energy and waste heat from buildings. The purpose of this study is to consider heat
storage utilizing cooling tower in winter to balance heat storage amount in underground and precooling
return water in summer to enlarge energy saving effect in summer. Also, through simulation study with
aquifer thermal energy storage system simulation model, it is calculated energy consumption of the system

and conventional air-conditioning system including heat machine and auxiliary machinery, and grasped

change in energy saving effect by multi-year operation system.
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Table.1 Heat Source Machine Characteristics
Inverter Turbo Chiller Air-cooled HP
Cooling Heating Cooling Heating
Capacity kw 700 850 180 180
Chilled/Hot Water Inlet c 7 43 45 7
Chilled/Hot Water Outlet Temperature C 14 38 40 12
Cooling/Heat Source Water Inlet Temperature c 19 10
Cooling/Heat Source Water Outlet C 24 5 -
Air Inlet C 35 6
Air Outlet c - 433 0.1
Chilled/Hot Water Flow Rate m¥h 86.4 ‘ 1209 344 34.4
Cooling/Heat Source Water Flow Rate m¥h 139.6 ‘ 140.6 -
Air Flow Rate m¥/min - 1248 | 1248
Power C kW 70 [ 1516 63 [ 519

Heating and Storage Cooling Tower Storage

Fig.3 Winter Operation

Heat Source

Heat Source and Precooling

Fig.4 Summer Operation
Table2. Operation of auxiliary machinery

Inverter Turbo

Absorption Chiller Heater | Air-cooled HP " ATES
Chiller
Heating Cooling Heating | Cooling Cooling Heating | Cooling
Cold and Hot Water Pump [¢] o [¢] o [¢] [¢] [¢]
Cooling Water Pump - [¢] - - [¢] [¢] -
Cooling Tower Fan - [¢] - - [¢] [¢] -
Heat Source Water Pump O [¢]
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Effective using of hot spring heat in accommodation facilities is not advanced so much. Part 3 showed that this system has

about 38% energy saving effect on existing boiler systems. The purpose of this study is to estimate the influence of hot

spring unused thermal energy on the energy saving effect compared with the heat source plant system. In order to achieve

the purpose, we construct a new simulation model. Through simulation study with this model, the heat source water network

system has about 17.6% reduction in power consumption compared to the heat source plant system.

1. 1XC®IC

Wk 23 45 3 A 11 BICRAE Lo B AKES L O R
BOES SR E S T rEO R
F iR D FLE LSRR HILTN S, I, BRI O
NF—E LTREE, B, A7), #irPE, K2 =0
il AR FUAFAET D EE DA AR R L X —EH &
NTEY  ZOEMER~OHEREE > T\ 5, HER
BET L — [ TEPRAEEE T, 0 K LA ¢ & Higk
IRMEALOJRIR & 72 2 b RFE O & S A 7 EOF
RDRDDHOD EE LTz X —ihs & EAZNT, 4]
- HERFE 72 EORREDMR ST, RO KA
EATHW RN DL H D, FrT, FAEIT2EIZ 27,000
PLEOWRIFFN AL TR, 20 9 BIREH 42°CLL
OPRIEF AR 52%(FEET D728, IRFBOARFIH =
HFNF—E LTORT v /UERE, L L, miRfER
ZURA T DR MEEE CIRERBOA IR HIEETICRK
SO RBESIIKIZ X 0 IBECOR IRE £ CHET 5 2
EMZ, FRWBOYEED S OBBIN BT & A ETTH
NTELTP, BREORT v LOIERIT RS
TUWRW, B ClL MR baRERE W21 Z
AL TOW DA EL . B0 — PRV T LT
HP)Z FIWZ465 s AT A b HFE VL LTV,

1.1 HERE”
ABFFECIRRIRAFI AL (FiR I L OWEGAFIHEY (2
HHL, =X —OFIFAIC XL HIREHUEAAAETO
B RNF— AR S 5 72 DIRRERD SET DR
SRHU DRFHEATE D U, ISREAD ) 228 0 2 528
T3 [BIFKER Y T —27 225 A(CLUFEEA NW)J 1C
DWTRRTT 5, AWFIECITIRREVE S ATRE22 85 D
TELSRHRR D 72 DEFK NW E7 L 2AEE L, HErpimisn
BHET AT A g L LT L IRTOEIY R = L—
Ta AT K VEYRIK NW OB =R X — WAl 3 5,
1.2 BREBFAIRT L

TR MR D — AR ABHS S AT IR A T 2T 5
Gra Vs IRREVRR - JREOIREE AT R L —) %
BSHER(CA T HEX) & HP #G5RRIC K O FIT 5 2 2T
LHIFET D, L L, 2D X5 RIRRBRIFY AT LD
R DBHEA TR ENBIFETH D, FIJRRBES
T HIRIRHE CIXEPEHS KOV AT AP EA SN D
ZE LMK EMIET D Z & EREHDT-DOICHR
RLFELEOREOBH IR FAEMMER>TLED
RPHEE LT O, BEK NW IR IER 23 A
TET DHUIBIC BN T HEICFTRE T D | IRREFIH O
GV AT KM X VBRIV EN I S D08, [H
T OBAERNE  HAZNROBE 2 SHLTHRWY,



A-4

1. 4 ZATHAEDEE R & AR DOFHRRE

FATHIZE & LIRS IS C 3 1) 2 BEK NW 03 A %)
ROWGE VDTN, — RN EBFKR R > RT—2 V&
T AIEF UBYREFIE L2 2 2T A TH DAL
TN L T-BYRZFIHT 5, 2O AT AFigL)IE, 2
B (iR SRR -~ b CHEER S L, SIERE S HP S
G DA I A EFIRIRBNZ R LU, EIR D> 6 D[R EL
AR 5 B A BT 7= BFUKIZ 5 2 w9
KT D, 28O IS WEAUKIIEER T 5.

KL AT W W TIHIRE 1T - TR SR MR &~ —
Z &L, 6 i TORPEAK NW OEAREZ T I 2 L—
Ta IR VALMNT Uiz, FER. BURK NW L, BEF
VAT A KD 169GHday. HEHMEMEHG T AT A KD
8.9GJ/day ® 1 k= /LF—{HEELLT 1 K E HE =) %
I CE 5 Z & AHEE ST,

FATIIIRZ IO TEVFUK NW D = /L —MEREI T
BN SN HPOIRFEBDE S COFH LY bRy b
T — 7 ~OFEANZ R LT D Z L@2 HEEEICE VR
B ARTOEAIRA NPRENT EFREE LTHEIT D
N5, =2 CTARIETIZTHE —BE %2 7z 2UE K
NW(Fig.2) & #2% L7z, RENIA Mk COFHEERL L,
HP TOEEN, AR TEEI TS T2 RICRE Y 23 T —
TITHENT B, BN ST BN Tk i T BRI A
b, B—EEICER L2 E TRy hU—7 NDEL
PKEEPS SN TLE D, fEke Y hU—7
DEERGE OB L, R 7T BRI 2 & | BUERIERN
A CE D Z LI LV RIRICEANEHZ K TE 5,

2. BIRTLOWE
2.1 8RRy D —9 VAT LOBE

AR CHEZET 2 ERK NW(Fig.3)IXiR R i 2 B\
THE DRSS & H—DF » h U — 7 B CHER L.
HHiRE OPFIRCHES > D OFENUZ LV 25~30°CRREIC
FE U7 BRUK 2B S, B OZR & LCRIA
TEHVAT L ThD, BIEAKLRy U= IZENDE
FRTCIE, HP A OBIR E UCRIF L, BE(FR AR A
TOLETH EARTRORRE L CRHATHZ LN T
LD TETINX—HENIAEND, AT TIRES
BHEJFK NW OFISE U TIHEE - ENELT DR
DOHTIER L PG DFIAT A AT L 0 | TRREFH
DD DOPIRE A BT B LN & FUREND
72U TR LULNMEN X9 ZRlER R T - T HIR
226 OYRGRE T —EIRELL ETLRENTH Y | PEGE
EIYIZ &V o 2T 24K TH COP D EAHE S5,
2.2 BEKR Y N T—9 VAT LEEBRT HHER

Fig.4 [ZEEUK NW ZAERCT 2 sk il a3, Z Ofiax
IR 2R T 5, sk A i 5 ERUKISHRS; &

Fig.1 Double piping system

P ¥

®:..,®;. ©;

Fig.2 Single loop piping system

Regional Union
Hot Spring

Hotel® Hotel® Hotel®

Heat
Collected

¢}

Heating Heating

i i

©
Single Loop Piping
T i I i I i
Heat Heat Heat
Collected Collected Collected «
Hotel® Hotel® Hotel®
Fig.3 Heat source water network system
Each
ey a— O* Floor [y
i
%'""_"': Storage ! Bat‘,hsr i Iiz'_5i| @
! ! Drain Tank '.__.D£ K Hot Clean
H L— »® Control B Spring Water
Exhaust Heat of Water Source Hot Spring Clean Water
Hot Spring HEX heat pump HEX Preheating HEX
i
(as
& i v [
=) 2 =) =
13 On-Site Heat Source Water Piping
= 0
]
| nterchang, = :Temperature Sensor
P1 ® :Pump
e : valve
1o T2 Network Piping | & ©
-y =
—(FE | > B :Control
Control C &

Fig.4 Facility configuration in hotel
B AT HP S TRV S R D RNTIRE L~y %
EF 5, ZHUTEY HP RREHEICIT D EEUK OERENR
FEDS BS L, COP 23] 192 7o OIHEE /1 MR S 11D,
FIAGH R B ORI B L CIIEAME TR L. B
AN L7 Z LI KX 2 BEK OIR B T IR BRI
IZEoTHY, ZD&EOBFKIREIT KK Y biRE
VAL REWTZD AR TPENCHIIT 2 2 & TE %, 7
Bl bk HP RS2k S D O TR £
TONMBEZEKTE D, 2O L DTk N CIERRE
DRI LY HP #GUHROHEE I 2 MR DV AT
LDFEN TN D, E7 M TR S 72 O RF D

BUIR Y b U— 7 BUENOBEK & BV UL fiR
s S5,



A-4

2. 4 ErhRIBIAS R T LB AR DHE

RIS S 2 5 I\(Fig.5) 1%, HODIRR sk 3 5
A SNRIRHUIBIZ I T 1 n(E 738 Fnc B 77
v NEBRT . IR OER EREHOEKEMIRT 5>
AT L THD EFTLUTERRT 7 MaRITH 28T =
RNF—DHEPFI - ZEMAG, BRAIBORREER B, K&
BYDPSIEED AV » R 35, MR OTFSRERBE AT
EHAYRELE T, FURBIHE RN EE Th V) BN S
IR HHI T S D, AWFIETITEIEK NW O bk
KL LT, TERDIRREFIINC X 25 P AREMILG o 2
TADY I a2 b— a3 VETIVEET D,
3. VAT LB SRR - HIEHETIL
312 aL—varvy—iL

YT ) 7 —/L Dymola® Bz, R E G D
TRIRIREFI S AT DA LT,
3.2 EhfmEty
mt— hRT

HP OE AR EZ BIE, BB S &I IBE LRV,
wfil &
O HFEGESZ06m & LHEOBFRITIZE L2,
@  HEPRBEE T AT MEEIROTRE - HAKE KT

D7 ORE ZWE L, UK NW ISR L 720,
@ MERRNEAEIISEAICWE STV 1B,
@  KHREMAE, WRROBG R, FAEBARRICHKT D
BRI A ERET D,

TV

B - BRI BT 23R T, B E T
%, EMSERRRFOTHE R ) L BER D A RTINS E
NZEFET 5,

2RI E L, BBV EITBRE L7220V,
4322 L—2 3 E
4.1 &N

VIalb—va UETVEREET IS D IR,
PEGHRIE, Tl B B ORESM L H26 A CREG IR
DU IR IR HE COZERIFRA 204 H D 1 Aoy OfkER % H
WD, BFVAT DEAERT DHERIE 6 BRE T 5, fiisk

&Nk @UESERFR A 21T - T Mk 2488 L, SO LR
REWAT 2D @IIIR 2 RA TR WAL,

IELL TR LTV 5, oofiiaki IHUE TG U TR &
ROPG R, falm R R A e T D, MimH, MRk E
(2 X0 FEEAARTIEED AN E LT o 3tk & LT
IEDRINAHET D56 2 E LEAREITET 2,
Ty b U—7 i S BYRK IR O—-Q. .. ©—-D D
NEG ik 2 il L SR ARUBMIGR o 2 7 IIBNR T 7 o b

Heat Source Plant

Hotel® Hotel ® Hotel ®
| t t t
Hotel @ Hotel @ Hotel ®
Hot Spring
Hot Water
Fig.5 Concentrated heat source
Table.1 Monthly hot water demand (GJ/day)
Apr. Aug. Oct. Dec.
Hot Water Demand 45.8 31.9 38.9 495
Table.2 Setting of the Hotels
Hot Water Purchase . .
Hotel Demand Hot Spring Hot Spring Drain
Unit GJ/day t/day t/day t/day
@® 120 — 237 296
@ 24.0 — 474 593
@ 2.25 40.0 — 74
@ 2.25 40.0 — 74
® 2.25 40.0 — 74
® 6.75 120.0 — 222
Sum 49,5 240 711 1,333
Table.3 Setting of the Hotels
Hot Water Demand Hot Spring Drain
Unit GJ/day t/day t/day
Heat Source Plant 495 951 —
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Case Study on Operational Inprovement of the Office Building Air Conditioning System

Offm & EE77 V7 4—=X) Hip 2 EEZ77> V7 4—=X) =i ¥ HEZ 7 V7T 1—X)

Jon 225t (BASEANEhPERT 3E)

FA s (BIPEN) ii}s]

WA (BITEEE )

Yutaka NAKATA*!  Kazuhumi TAKENAKA*!  Akira MIURA*! Yasutaka KUSAKA*?

Takuya KISHIMOTO*®

*1Kanden Facilities Co., Ltd.

[ZL&IZ

HHAKESLRE, e EiEmisEOmE D b Y
HEFTEUZBWCHOHEIEZED TX 72, PRk 2 74
FELARE AR L DOIENIRNERR 2 8 AN & DOHTEEARANSE

0 BRI 2 455 L [ASE L~LE TN
LTETW5, (Fig.l)

ZNFE COETEIIZETHRREIRE O H IR O 5 | &
HLELLMNEND EFBERND DO THH2M, AN
T, BHEER - BET D358 L COMAzRE L
B R O A HEfR L Okftses o A 7 L&Y
EHUE LA =3 2 Ko TR OV TS T 5,

W) BHERSOHEE

2400
2,350
2,359
2300
2250
2,200 2,223
2,100

2,000
H24Em H2SEE H26ER H2VER H2BEH

Fig.1 Trend of elctricity consumption
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Thermal Environment Control during Sleep by Using Infrared Thermal Imaging
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*1 Panasonic Corporation *?> Panasonic industrial devices Singapore

*3 Nara Women’s University

Wake after sleep onset (WASOQ) is occurred often in summer when weather becomes hot. Use of a timer to turn off an

air-conditioner during night to avoid getting too cold is mostly claimed to be the main cause of the onset. To solve the

problem, we developed the system that automatically and properly control temperature of an air-conditioner based on

calculated heat-loss from the user’s body inside thermal images. According to the experiment at the university’s dormitory,

we found significant drop in numbers of WASO when our system was introduced compared to the conventional approach

using timer operation and constant temperature operation.
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Air Conditioner L
— Table 1 Outline of the Preliminary Experiment
Period From 26 June to 11 July 2017
A Subjects 6 young female college students aged 21-26 (Average 22.8)
IR Control S|gna| Q Place Climate Chamber in Nara Women's University
Q Conditions Room temperature 24°C, 27°C, and 30°C

Thermal Camera l

WASO voting
butt

Thermal Sensor

Sleeping Subjects

Fig.1 Air Conditioning Control System Using Thermal Camera

Thermal Image

Detected Human Region

Fig.2 Human Region Detection in Thermal Image
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(Table.2)
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Covering with a blanket

Full, Belly only, and Absence

Measurement Environment

Ta, RH

Physiological responses Temperature of a skin and a blanket

Psychological responses Thermal sensation vote

Table 2 Time Chart of the Preliminary Experiment

Time 15 min. 15 min. 15 min.
Tmin | Imin Imin | Imin Lmin Imin | lmin Imin. Limin
Thermal
Sensation
2 ? 99 ¢ ¢ 99 9 9 99 q
Covering Full Belly Only Absence
witha
blanket
4
Lo,
= =
©’ R=
S
E 1
g O
— -1
=
- >
= -4
g
'g -3
4
0 _ 10
Heat loss (Tcl—Ta) (°C)
Fig. 3 Relationship between thermal sensation
vote and heat loss (Tcl —Ta) (°C)
Table 3 Outline of the Experiment
Period From 5 August to 5 September 2017
Subjects 11 young female college students aged 20-22 (Average 21.0)
Place In the subjects® dormitory room
Conditions Air Conditioner controlling | Method A: Using thermal camera

method Method B: Timer operation
Method C: Constant temperature operation
Room size 2.6mx4.15m

Air Conditioner capacity

2.2 kW (Min. 0.0kW, Max. 2.7kW)

Measurement Environment

Ta, RH

Physiological responses

Temperature of a skin and a blanket, WASO,
body motion, heart rate, PSG

Psychological responses

OSA, questionnaire about sleep at wake-up time
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Characteristic Verification of the Vortex Ring under the Influence of Airflow with LES
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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 personal air-conditioning system in office. The vortex ring can deliver amount of heat more efficiently than existing

air-conditioning system. As the previous report, we conducted smoke visualization experiments and PIV analysis. However,

detailed structure of the vortex ring have not been revealed. Therefore, in this report, we conducted LES to analyze detailed

structure of the vortex ring on the assumption that the vortex ring is introduced into office.
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Effect of Room Temperature Rise on Human Physiology and Acceptance of Thermal Environment
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Air-conditioned room temperature is not constant. If air conditioning controls room temperature based on sensing change of it,

room temperature fluctuation occurs in actually. Therefore, considering effect of room temperature fluctuation on thermal comfort

is important. This study investigates effect of room temperature fluctuation on thermal comfort to connect the improvement of

thermal comfort by controlling temperature fluctuation. This experiment focused on rate of room temperature rise.
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The purpose of this research is the development of cooling methods to provide comfortable environment for an operator
and reducing air-conditioning energy consumption in the tractor cab. Necessity of local cooling was found by results on the
analysis of human physiological conditions, but psychological conditions have not been found. Therefore, this paper is being

reported about the outline and results of the subjective experiment. We analyzed relations of human physiological and

psychological conditions when difference of amount of solar radiation, direct cooling from the chair.
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Table2 Input Data for Numerical Analysis of Physiological Conditions
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Table3 Calculation Condition for PMV,
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CFD Modeling of Airflow through Personal Air Supply Terminal
(Part 1) Detailed Velocity Measurement and CFD Analysis of Supplied Airflow
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Personal air conditioning system is an air conditioning method to provide a satisfactory thermal environment. In designing

this system, CFD becomes a beneficial means because the detailed distribution of temperature and air quality must be taken

into account. The purpose of this study is to establish a CFD modeling method of the airflow from personal air supply

terminal. The velocity distirbution was measured by the hot wire anemometer to obtain boundary conditions and true value

of CFD. The accuracy of the CFD simulations using the boundary condition from measurement is finally verified.
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Fig.1 Targeted Air Conditioning System
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Fig.2 Experimental Setup
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Fig.3 Personal Air Supply Terminal and Sampling
Point of Velocity for Boundary Condition

L 45 ]
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(1) Cross-Sectional View
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Fig.4 Sampling Points on the Center Cross-Section

FERIC 2 D7 v —7 % H, CFD O EHEE %
HEg L LTk F (Z=0 mm) CRUEZHIE LT,
W S % Figd |- T, HERGSEEREE, 7Y
> 7R A 1.0 kHz TEEMLREEIT 60s & L7z,

2.3 BURAIEHER

MR TS 38 1) 2 B I E O G S & Table 112 % &
WTRT, £, XA T o -7\ LB YRR
kL% Fig.s (1) (2R3, 2RI Em s EHy Tk
V. BEEICERIE T A ISR TV o T2 TR
HBHLHN, T TIET =AY T X BT e —
TRETEN T REMEEZZE L, WEOE FO
JEA 23 I & 1272 D X 9 2R ok F % [F 44 < alis
L CHIE L7z (Fig5 (2)), "0 T Z plisy oY
JEGE X 0 T, RN E U Il #pt & 50 L.,
CFD TIIHIEHE B % 22.5° 37> Z il & 0 (2 JEAE ]
#iz L C Fig.3 (2) [C/R 94 145 /5T 3 Ryt O 1 Jalj#
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Table 1 Recorded Mean Velocity and Estimated Turbulent
Statistics to be Applied for Inlet Boundary Condition of CFD

(1) Velocity Vector (Original)

ID X [mm] Vx [m/s] Vy [m/s] k [m?/s?] | &[m?/s%]
1 -20.25 0.290 4.42 0.692 14.8
2 -18.00 0.386 4.80 0.784 20.3
3 -15.75 0.532 5.06 0.813 23.4
4 -13.50 0.612 5.18 0.866 243
5 -11.25 0.666 5.25 0.918 243
6 -9.00 0.680 5.28 0.957 25.8
7 -6.75 0.693 5.27 0.913 25.8
8 -4.50 0.696 5.05 0.873 24.0
9 -2.25 0.608 4.37 0.893 25.1
10 0.00 0.340 3.75 0.676 21.0
11 2.25 0.301 4.36 0911 273
12 4.50 0.254 4.76 0.875 233
13 6.75 0.199 4.83 0.881 25.0
14 9.00 0.155 4.94 0.952 26.4
15 11.25 0.135 5.03 1.020 28.7
16 13.50 0.200 5.24 1.037 28.4
17 15.75 0.333 5.30 1.030 27.3
18 18.00 0.555 5.28 1.036 24.8
19 20.25 0.781 5.07 0.976 23.7
. | Reference Vector : 1.0 [m/s] —» | | Reference Vector : 1.0 [m/s] —» |
R4
E o HHLTURTTLTTTE LN I
A Y A EHEEEEEEE
€ a0/ LU [l A
g g0l ] L UL T
S so VLTI Y o
3 60 v v \BA/
3 6.
> -20 -10 0 10 20 -20 20

10 0 10
X Coordinate [mm]
(2) Velocity Vector (Amended)

Fig.5 Velocity Vector Plots along the Central Line at Outlet
Surface obtained by X-type Hotwire Probe

X Coordinate [mm]
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0 6 0 N — Table2 CFD Analysis Condition
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200+ 5 ‘ CFD code ANSYS Fluent 17.0
4 100 r Algorithm SIMPLE
400 - Discretization Scheme
3 for Advection Term QUICK
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E 2 £ Boundary Condition (obtained from hotwire measurement)
% 8001 1 % Outlet Gauge pressure : 0 Pa
'-E _% 300 * * Standard k-¢ Model
S 0 § Turbulence Model SST k- Model
;_) 1000 [¢] 400 Reynolds Stress Model
> - v
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(1) Velocity Magnitude (2) 2-D Velocity Vector Plots = /"
o
©
(&}

Fig.6 Contour of Velocity Magnitude and 2-D Velocity Vector
Plots obtained from X-type Hotwire Measurement

Velocity-Inlet

Recorded Velocity
(X-Type Hot wire) [m/s] (X-Type Hot wire) [m/s] (X-Type Hot wire) [m/s]

(1) SKE (2) SST (3) RSM
Fig.8 Correlation between Experimental and CFD Results
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2,200

100

2,600 ,

S~

(1) Whole Domain

Outlet Boundary

(2) Enlarged View around Inlet Boundary

dimension in mm

(3) XY Cross-Section

Fig.7 Calculation Domain and Mesh Layout for CFD Analysis
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A Study on Semi-Displacement Ventilation using Radial Wall Jet

Prediction of Turbulent Thermal Diffusivity for Vertical Temprature Profile
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Toshiya NISHIUMI *' Tomohiro KOBAYASHI *' Noriko UMEMIYA *'
*! Osaka City University

The Impinging Jet Ventilation (IJV) system is an air-conditioning method to form thermal stratification. In this system,

the air within the occupied zone is moderately mixed if compared with Displacement Ventilation system. The authors aim

to establish a simplified prediction method of vertical temperature profile based on the Block Model. This paper analyzes

an impinging jet ventilated room of relatively large ceiling heigh, and explores appropriate method to give the turbulent

thermal diffusivity which plays an important role in the Block Model to predict vertical temperature profile.
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Fig.5 Vertival Profiles of Temperature and Turbulent Thermal Diffusivity Identified and Function (Ceiling Height 2.7m)
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Qr lower 0.0007 0.0013 At lower 0.0025 0.0024 At lower 0.038 0.0076 A lower 0.013 0.0047

(13) Case 4-400 (6 Diffuser) (14) Case 4-600 (6 Diffuser) (15) Case 4-900 (6 Diffuser) (16) Case 4-1200 (6 Diffuser)
Fig.6 Vertival Profiles of Temperature and Turbulent Thermal Diffusivity Identified and Function (Ceiling Height 5.4m)
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Evaluation of Mechanical Ventilation System for Bio-Clean Sickroom
(Part2) Effect of Flow Direction and Supply Opening Area on Ventilation Efficiency
under Isothermal Condition
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After the guideline regarding bio-clean sickroom by Ministry of Health, Labour and Welfare was revised, it shall now be

provided with vertical, horizontal or both combination laminar ventiation system. Nevertheless, details of these ventilation

system have not been sufficiently defined. Consequently, the performance of bio-clean sickroom has not been evaluated

quantitatively. This work conducts CFD analysis for eight cases of ventilation system for bio-clean sick room, and

evaluates their ventilation performance in terms of ventilation efficiency.
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MEFVERSE NG 1) OfiREENLEE SN, MY
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NIZFEONFERH LI FATHBr L) EWVWoHIH
HouBEn=?, hehoi Ui L CEAEmIC
ED LD 7727 S YL sk FEE 2 - T o
WCIHEATBE I LD REBMHRTI R OND L DD,
HIEICER SN TVD EIXEWVEE, EEEEEIC
B9 27836 Y 1T nE TICR BN D28, PEEERE

MFELHELSNTE LT, EENRMEEFEmE] b
HEV RN, FZTAME T, EEBESR
EXRRE LA HEBRFNOBKFIZEE L, €
BN ETMEZITY) 22 HMET D, BI#HY T
X4 O S AT L& x4, CFD fif# it 2 T
”k”@%4@ﬁﬁ%ﬁotobﬂb\%@ﬂﬁﬁ

(CHAHER D T AIC K D B ORICIEE->TEY |
nﬂﬂﬁ%fﬁ Dﬁ%’%@uiﬁﬂiﬁmﬁr*ﬁﬁ@%ﬁ@

AR B2, £ TCARBTIIMEMZ LD IKRH
R 52 2 BRI, K[t HM &R0 mEE
IR LT 2T o T fE RO W TG T 5,

Punched Metal Punched Metal Case 3 Case 4
Case 3
T AN Punched Metal Punched Metal Casc 4
i T ) | —
= T 1,500CMH  1,400CMH® CTTTITIITY
218 [1— +| - - - I . Punched Metal] S00CMH
K| & - Bed §I N > o Corridor 1,400CMH (Corridor
4 2 > A
= Bl S[S] |} - 100CM 1 , Wall Duct 100CMH
. 4> H - ‘ - d, Punched Meta |
— + DO | N - N e ¢
| o oS [ N ;
v v
(1) Case 1, Case 2 : Horizontal flow type (2) Case 3, Case 4 : Vertical flow type
Case 1 : Supply from the whole area of the wall Case 3 : Supply from the whole area of the ceiling
Case 2 : Supply from a part of the wall Case 4 : Supply from a part of the ceiling
Punched Metal Punched Metal
Case 5 Case 6 (whole area) Case 5 Case 7 Case 8 (wall bottom) Case 7
[ T + Case6 Punched Metal + Case8
| 1 T T s s w— |
| [REETTCE, pren - T - T Ty T
7—: /I/H b H’HH by Hl im 1,400CMH 4: /I/UHH Hﬁfj%ﬁé}i/[ﬁ“ v T 1,400CMH
| Punched Metal - Corridor 1| Punched Metal Corridor
| ¢ > —+>
| : > L | 45 |
| : 1 S 100CMH |~ . Punched Metal (bottom) [[100CMH
> ﬂ o A T ‘ ! >
| + — e - S g
—+

(3) Case 5, Case 6 : Combined type (wall exhaust)
Case 5 : Supply from the whole area of the ceiling
Case 6 : Supply from a part of the ceiling

(4) Case 7, Case 8 : Vertical flow type (panel exhaust)
Case 7 : Supply from the whole area of the ceiling
Case 8 : Supply from a part of the ceiling

Fig.1 Floor plan and system diagram of ventilation system for bio-clean sickroom
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2. MRETHDERBEEDBRIDAT L

AW TIRIERNC TE sk F A 2 5 7= 3751 TidZe <,
LV EEN BT E T EZAIRICT S22 E2HM
ELTCRImATmERRNEMBEEL L7=/YF X b
Vw7 AXT 412K HHEREFHE 21T 5, ABFE Txt
RLETDHEET VOV &K AT L% Figd
\oRT, RENTRI S O =R 1E 2,900 mm X 3,200 mm D
T CTRHAE A 2,500 mm OIIR & Lz, 25T
HEADEKES 1,500 [m/h] TH— L. BELTIH
ENHDH LD 1,400 [m/h] & HER AL 100 [m’/h]
ERTHAZUMNLOWHE LT,

AR¥TIE Case 1 ~ Case 8 DFF 8 Sl 2 il xf& &
L7z, Case 1,21I~y RfFED /R F 07 A B )LEE
26 DA T, KD/ F o7 A X VR KV
KT 2 KRG E LA Th b, Case 1
L2 TIEENENAAKIEMMNS LV | Case 1 1THEH
DL B DFER. Case 2 1XBEM D37 B DG
&L, B, FRMO R F o 7 A 2T S
HECxfmak e LCHi— Lz,

Case 3, 4 IR FHBR TRV F o 7 2 X VO EKH D
O FHHANZWAZ, R FCAREFRICHKET 5 2
ETEEX 7 M HERT A mEEEIR AL L, Ak
IR IEE D AT LT Case 3 W RO H D
5. Cased WRHD oM H DR TH D,

Case 5, 6 1T KI5 T, BEm 2R BHER T 5K
e FEEB IO NGO 2 E Lo K 5T, A
CL<HKmBEELETE L, Case SN KIFDOEHEMNE D
Fasi. Case 6 BN RID—Em N5 DR E LT,

Case 7, 8 1ZFEARMIITIX Case 5, 6 & [FAIEEDHA > A
TALATHDLN, BEOPER D EZ FTHORIEL LT
SRR L LT - BEB IO G &2 188 Ui
KR T, AU BREBEOI2%ELEHE LT, Case 7
DRIFORE D B DFEFK, Case 8 23 KIFD—E 453 >
HDRR[TH D,

Inlet (1,500 CMH) Outlet (1,400 CMH)

Punched Metal g

2,500

100
T

100

3.CFD #7112 &k DMK FEFED Fix

31 BTEERUBTFEOBME

Fig1 |28 L7 fifMT %t 52 % CFD I K 0 {8 L C
CFD fif#tr 247 5, fl& L T Case 4 OFHTHEIL & X
S a2 LA T Y k& Fig2 \oRT, BT I i
ke E T NVERWCERAEEZIT /R o7z, FEEEOMEE
TRIERITITBE DS OB EF T ORART D4
BEMNIFMEL, TROIZENORIMBICKE 2
BrRiITeEzonbd, L LARTITHK - HE
RO ADE DI BNZRNT RAF T HA N 228 1) % 3L
il 5 12 60 £ FIL IR COMMNT 24772 > 7=, Table
112 CFD fi#ir sttt £ & TR, 2% THR=EY
IRy REFHBELTBY, B, e v
FUTAZNEN L TTF v o N—ZE BN ST
LRI EREE LT,

32 INUF VT AR ILWEDBRA X

R F T A B IVDFL % CED T CRefl £ TR
LOODERIKREMITT 5 Z L IXHEARMOB NS
LW, BEERIZE Y TR LI TF A H
IV DEFTHE IR D I % 3% 24 5 5 fHIk O A& 112
FHAIATe FiEE W2, 2 O FIE CTITMENTIFIC LT

Table 1 CFD analysis condition

CFD code ANSYS Fluent 17.0
Turbulence Model Standard k-epsilon Model
Algorithm SIMPLE
Discretization Scheme
for Advection Term QUICK
1,500CMH
Boundry Inlet k, € : based on Turbulent Intensity and Length Scale
Condition 1=10.0 %, L=198mm
Outlet Based on Flow Rate and Outlet Area
Walls Room Walls : Standard Wall Function
Case 1: 1,483,934 Case 2 : 1,389,120
Case 3 : 1,638,964 Case 4 : 1,528,774
Total Number of Cells =—F 230748 Casc 6: 1,575,558
Case 7 : 1,628,220 Case 8 : 1,452,092
Modeling Method Sink Term for Momentum Equation
of Punched Metal based on Pressure Loss Characteristics

Inlet (velocity)

Outlet (velocity) Outlet (velocity)

3,200

2,900 2,900

(1) Calculation domain

(2) YZ cross-section

(3) Floor plan

Fig.2 Example of the calculation domain and mesh layout (Case 4)
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0 0.102030405060.7 080910
Approaching Velocity :V [m/s]
(Diameter=3mm, Pitch=4mm, Porosity= 50.9%)

e d

Pressure Loss [Pa]
O =~ N W s~ O N

Fig.3 Pressure loss of punched metal
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(1) Case 1 (3) Case 3

I EEEEEEEE

(2) Case 2 (4) Case 4

Fig.4 SVES3 distribution on the central cross-section of the room
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4.2 |MRINEIEEIC & D E =M

BRI IT D KRR O F H AL S % Table 2
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b, BENPERMZFRIND LBy NHE
FofrEEEHA Lz, & & & HIiZ Case 1 DIk d &
VMEZ R L, KB AR ThRmfEs KE <Hs
ENEEERE L TRODBIDELRVE S X D,
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Ya— hh—Fy FREETWD Z & BHKERIX
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BWTIE, BREED/ NS WEMET e BEVE L R
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LOEXNRKRELBRDHICEEDLETH D, HIEY
FOMEEELZEZ2DHE, RRHEZRBEINDLI Ny NED
DEZEN R BEETIEID L0, HERROZES
EINELS RO ELRETHY, ZOEHTIIWL
TRERKBREFELMHERT 2 Z & THE LWARD
SFonl-EtE25,

6.F&LH
AR CIRIEE IR = 2 J IR >0

T CFD fMT 24T\, ZEXU I 5D < AU SR IE 1 %

BT 252 & CHRMMIZIT 72, TORFR., KFE
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Ny N EOBTNEEZ EASELT-0ICAE RS

Nice A%ITELVBLENRUWEZEE LT, FEFR
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= 30N

1) Rk 24 FEIEA TG SR 77 5 TRARZIERE O M R LS 0
—H# A IR S

2) SRk 24 ARIEAE ST ATRE (PREEFE 0305 55 2 5 ) THARZHR}
D% FHEL & O DS HIZBET 2 Tl & OB o0y
BIR3EHE 12D 3
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FSC4E . pp.553-556,1996.9
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Table 2 Air change efficiency and local air change index obtained from CFD

C Ventilation | Nominal Time | Average Velocity over | Room-Averaged | Room Air Change Local Mean Age | Local Air Change
ase Rate [m*/h] | Constant[s] | Punched Metal [m/s] | Age of Air [s] (<z>) | Efficiency [-] (¢*) | ofAirat P[s] (z,) | Index at P[] (*)

Case 1 0.0671 30.3 0.893 13.9 3.89

Case 2 0.186 63.3 0.428 20.8 2.60

Case 3 0.0514 39.2 0.689 53.1 1.02

Case 4 0.146 55.4 0.488 17.3 3.13

1,500 54.1

Case 5 0.0514 75.3 0.359 63.9 0.847

Case 6 0.146 55.9 0.484 18.1 2.99

Case 7 0.0514 44.1 0.614 54.6 0.991

Case 8 0.146 54.4 0.498 17.6 3.07
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Planning and Implementation of Energy Management in the Tenant Proprietary Part of the
Office Building

Ome X (P IEL) Ml MR (P IE ) ZObt B (TP IEIE)
Aya KASUYA*! Takashi SHINOJIMA*! Satoshi AJIMI**

*1 Takenaka Corporation

Recently, energy management efforts by BEMS are increasing in office buildings for energy saving and
demand response. However, in the case of a rental office building, tenants are difficult to realize due to
existing facility systems and operational constraints. This paper will describe the small and independent

energy management system suitable for the tenant proprietary part of the office building and report its

energy saving effect.
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Fig.1 Building Appearance

Fig.2 Planning of Work Place
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Displacement Air Conditioning in Large Space
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Examples of BIM created by the collaboration between design and construction teams
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Examples of design and construction considering labor-saving and power-saving
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This study is aimed to "New Architectural and Facility Plans".

Mid-size Office Building executed for labor-saving and power-saving.
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Fig.6 Case Study of BIM
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Fig.7 Foundation Construction Method

without Rebar and Formwork

Fig.8 Unit Sash
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Evaluation of Radiant Ceiling Panel using Water Medium
(Part 3)Performance of Various Panel in Environmental Test Chamber
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Mako MATSUZAKI" Toshio YAMANAKA™ Hisashi KOTANI"

Shin TAKEUCHI™

Masashi UJTHARA™

"' Osaka University > SASAKURA ENGINEERING CO.,LTD.

In recent years, radiation cooling and heating attracts attention as energy saving. However, Japan doesn't have a general-

purpose and unified performance evaluation technique of the radiation panel. In this study, the purpose is to measure the

performance of panels with various surface shapes, which are used in ceiling radiation air conditioning system. In this

paper, the comparison between experimental value and caluclated value by simple predictive model of the indoor thermal

environment is reported.

1. [XL®»Ic

BT RIZEZIDENND EVEFEIZBNT, ITHE, K
F2eNER S Cnd, LavL, BARIIRILAN 0k
F SRV OMERERHIEFED L SN TE BT, BXFHIE
DAFTUZLS WONRBURTH D, AFIETIL, K22
T AT DRABE RFTBNT, REKRORD 3
TR SRV Z BRI, SRS S I BN R R %
FRTE DETNFREEITO, B SRV OMEREFHE T
EEMSIT A2 LR BE LTWA, AT phEs v
DSEEE U T it S V2 FAMERER 5 T TE A, 2 Sxr
DIRESTR BB TH LIk EHICRBEESE, =
DOHFFHEET L & EN142407 DOFBRER 2/ N U788
BEikBRE CITo 1= EBRRE R A T L, FratHET VO%
YA R 5,
2. EBRHE
2.1, RIERBRESE

BT, AV 7 IR AT HRERBRET
Tole, BREABREVEKX % Fig.1, H W mX %
Fig.2 2" 7, R Sx v o RFHRIZER - 77 »
Rl e 2Y » Mix 77y MIO3FEETHY,
X% Fig.3~51Z7 7, IREAEIL 5.8] o ], BREEaAER
FENO K - K+ BEOPNEIZ (IR HIE 7T 8E 72 407K
Bl 23> TR, AL DBORHAZ < 2
ENTE D, BERNAMMOEEN 2AREINTED,
BRAR 1200W/ B ] Th b,

2176mm

2671mm

330mm

Insulated wall

1990mm
2328mm

Light bulb:

2276mm

Fig.1

2.2 REREH

FEBRIT, AR R, BVAGIOLE, BEEIRE, TR
SO FEED /RT A —H 2B ST T2, BB
ZAf % Table 1 129, AM/NSRETIE, AREEL

Plan of test chamber Fig.2 Cross section of

test chamber

- -
— —

FEYESIE L Y T0W 1T 8 FiF 7=, T, AfEED
AT EEVWERNELIRE FEL 25 72, BEmmiRAg
% 23°C IZR%E L, BNZEXIRE O TIZ L 2 EE )
D OEFRI A BN, TR IR A 2 BEkE L,

ER .
K& R A S H T,
Table 1 Experimental condition
.. Panel water | Panel water Wall Heat
Condition temperature flow rate |temperature| load Layout
Standard 25°C Basic Center load
Center load E9)
| 222W
Chilled wall 23°C & 8
Heated wall 18°C 4.3L/min 27°C Comvection
Low load 23°C 150W| z
Convection(weak) o 240W pFan
—_— | 25°C <
Convection(strong) 262W

Material: Aluminum composite polyethylene
Thickness:2mm

‘ Material: Aluminum

composite polyethylene
Thickness:2mm

abov eceiling Material: Aluminum composite polyethylene| |abov eceiling
Thickness:2mm

16mm

T 9mm

L

abov eceiling

16mm 10mm

Lo | |

100mm

Material: Aluminium
Thickness:1.1 or 1.4 mm

Fig.3 Detail of corrugated panel

Fig.4 Detail of flat panel

105mm Material:Aluminium

Fig.5 Detail of flat with slit panel

Material: Aluminium

Thickness:1.1 or 1.4 mm Thickness:1.1 or 1.4 mm
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2.3.

/,‘IJ ;EIE E corrugated flat slit flat
27.0 g ;
SHI == = Heated wall _Convection(strong) Heated wall _Convection(weak) Convection(strong)
{EIJ /:E E 2&_‘) Table 2 k_ T'@F {EIJ = ﬁfﬁ KF‘% bj:/ﬂf\:( O) IE E ﬁigz Center load 4 | Heated wall / X
o2 SRRy SR ':’(:‘"—* / Convection(weak)|
RN . e e o —
c‘_}al]\f 30*9\& L?L\_.o 5 25, — / —
2 o4s indard | Center load Standard
Table 2 Mesurement item %”“ Convéction(weak) _Chilled wall | Convection(strong) _Chilled wall e
& 235 — .
Mesurement Point Device Amount 230 \ \ - Chilled wall
= S, ¢ T - 25 I load Low loa
Room air temperature C] (ﬂom%ir]l 1660?“‘2?%0"““) T tpe thermocouple 3points = 1.7[m]  1.1[m] 0.1[m] 1.7[m]  1.1[m] 0.1[m] 1.7[m]  1.1[m] e (]JOT[im]
Globe temperature[°C] Center of room (+1100mm)| _Glove thermometer 1point ’ ' . U o ) ’ ’ ’
(Nihon-keiki, JC-3503) Fig.6  Vertical air temperature
Air temperature P .
above cgﬂmg[ C] Above ceiling Lpoint corrugated flat slit flat
230 -
waiﬁ%—eafﬁsxg;&fﬂ arrsggenl:lsegf «tere;tc)‘ljltgﬁle T type thermocouple | 30points 25 CO“V“""“(S""“g)ﬁ\ T Convection(strong) e
Panel surface temperature[°C] |Room side of panel surface 6points g 20 \Heated wallf dard Heated wall Center load  Heated wall
Resistance temperature g e Standard Convection(weak)
Panel water temperature[°C] - detector 2points g 210 N ‘\(\\ S - §(' \\/-L\
(Nihon-densoku, ¢1.6) g s %%}i@t— > R
Upper and lower radiative Long and short wave § 200 ~—7/, N— A Standard LT TS
heat transfe W/ i 70mm below panel surface radiometer 2points 195 e ol Ciiedwan —
cat transfer amount[W/ nri] (Eiko-seiki, MR-60) oo | Chilled wall _/ o ot Contaeonted vall A el A‘T-j \‘L -
R Heat ﬂOW Sensor N 185 Coﬂvec[i(‘n(weak) OW loa 'onvection(weal OW loa Cen'ter load OW loac
Heat flux of wall, center of each side (Eto-denki. M55A) 6points o
: 7 T A B C D E F A B C D E F A B C D E F
floor and upper slab[W/ni] 4,5points distributed Heat flow sensor 29n0ints .
arrangement each side (TDfN;O - E“ergy eye)| =P Fig.7 Surface temperature of panel
in Heat flow sensor .
Spoints distributed | (PENSO + Energy eye) points corrugated flat slit flat
i Thin Alumi; 270 - -
Heat fox of pane W/ arrangement each side deps;{‘ion ‘ﬁ'ﬂ;’?lh";vﬁ’iﬁgm Gpoints L5 | Convegtionstrong) Heated Convection(strong) H/eated wall | Convection(weak) H/eated wall
P (DENSO . Energy eye) - te
above ceiling side of | Thin Heat flow sensor | 2points % i
panel surface (DENSO . Energy eye) g 255
. Flowmeter . £ 20 Centerload | o, 1 dard Center load
Panel water flow rate[L/min] - (Aichi-tokei . NW50-PTN) Ipoint s Standard . s Convection(weak) Center load
L onvection(weal i .
- N 240 Chilled wall thllc‘iw_aiﬁ___‘v Chilled wall  Convection(strong)|
2.4, %%ﬁ.{ﬁn% 235 — Low load
20 Low load Low load
) N A E - E 3 E
A TITEEICOWTHE L, R CREEICE L NS E W NS E W s
e Fig.9 Surface temperature of wall
TS5, 3. BtEETIL

[ BNZEEXIRE | &R MIC
FRIELIRE 434 & Fig.6 12”3, (90° [AlERSHTW5 )
Fig6 XV, 77 v F>EM> 2T v N ONAIZIEE N
KL 7o TNBZ ERDND, LTmOBEN TN -
TWHHEHE LT, MAISNZRRVAHETH DT
OEBEZLND,
[ SR VRERE ] REBRFEICBT 58530V OFE
[HIREE & Fig7 (o9, F7z. HES%E Fig8 127,
Fig.7 L0, BEHDITEWVIEEREIZESL 20, B
MIE—FEZC 9 TRWIGET T, B FOIE 5 MR MK
ZENGND, £l WH>T7Ty h>AY v R
@mmmﬁﬁﬁ<&ofwéoxijTﬁm@ﬁ
FHRNMEWZDEEBEZXOND, RN T T v ML
BENRELS 2B E LT, ERIEEEHBENKE L,
RERITKET DRVERR T M 2. £ OfE RFH R
EREL oz EHEIE N D,
[ PR ER L | RERSIFICE T SRERRED
PRIEE R (PRI ) % Fig.9 123, Figd LV,
77y >R S>2Y v NONEICIEE DKL 725 T
BY, BRAEKELKSLT 4
0BT EADI,
PlboEBEERL . 2 | N
Uy MMEE 75y NG |
SRR B HEREN &
WeEzx5, o, BRLE
7Ty MR, b
BRI D J7 DPERES B U,

BIF DK/ SRV DEN

XD - E - F are under the pipe

Fig.8 Measurement
points

3.1 MEMROHEETIL
@%%ﬁ%%bkm%N*wW%@%F%%W%
TE, BBRENICBIT 28O0 L0 2SI
TME L, BUNSA AL TH D kéioT\Eéfi
IR Ola[°C), KHAFZELIRSE Oual°C], JEEM L
FHRE Olp[°C]. R IFEA RV R IR Qup[°Cl.
B PN K IR Owater[°C] @ 5 S DL 2 B+
L2 EINTED, BHET L% Fig10 [TRT,

above ceiling . Ouh] ..., radiant gy h—yy)
mmccunn* geth—a) Tt
qe(a—w) K Ouw,
ar(h—p) s “radiant ua convection K
':' wmmuml ge(a—p) ‘WWH") “tadiant
A » Oup
thermal transmission‘-_ Op Y’, heat “iv(;‘i::m
qF(1—u) . . q- 2
convection | ge(a—p) qr(w—p) ".,.rudmm
ge(a—w)
qr (hap}  radiant Ola convection o
. 4
. . diant ,e=*"
“ convect h radiant ..
5 come IN‘T gelima) qr(h—w)
Room o | "

1:Room(lower)
atair
wwall p:panel
qrradiant[W] ge:convection[W]
qF: thermal transmission [W]
qatheat advection[W]
qincheat in room[W]
quh:heat above ceiling[W]
O1n:surface temperature of heat in room[°C]
Oun:surface temperature of heat abobe ceiling [°C]
Onwv:surface temperature of wall in room [°C
Ouw :surface temperature of wall above ceiling[°C]|

uzabove ceiling (upper)
h:heat

Fig.10 Model of heat exchange

fREZEMOBIN % (1) K, RIHEZEF OB
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0 =qun-KrSF (Oia - Ous) - paca Q1 (O - Oua)
-auenSply (O - O1) - aurnSy (On - ) -++ (1)
0 =qun+KrSF (O - Oug)+pacaQ 4(Oia - Ou) - 0unSp (Oua- Oup) +++ (2)
0 =auenSply (Ora - Op) + aurnSp (Ow - Opp)
-KunSp (01 - Ou) - Ki (01~ Owarerave ) nlL -+ (3)
0 =0unSp (Qua - Oup) +KunSp (01p - Oup) = K (Oup - Owaterave ) nL -+ (4)
K1 (Qp - Owaierave)nLp + Ku (Qup- Owater-ave )1Lp = puwcwQu (Owaterous -Qwaterin) -+ (5)

qlh |heat in room[W] n number of panels[number](=6)

quh | heat above ceilingw] Sp effective area of panel[m/number](=0.72)

op[°C] Gua
Oc+dx) + rdo
00 - dp @ G <= <«
dx o)
T tdx x[m] x * x+dx

qla

Kr |thermal transmittance of ceiling except for panel/w/(miK))(=4.10)|Li

S

pipe length per panelm)(=7.6)

Sk |area of ceiling except for panel[ni)(=1.08) Ol surface temperature of heat in room|[C]

pA |specific gravity of airfkgm])(=1.166) pw specific gravity of water[kgm)(=998.2)

cA |specific heat of air[J/(kgK))(=1006) oW specific heat of water{J/(kek))(=4182)

QA |flow rate between room and ceiling[m/s] Qw  [water flow rate for panel[m/s](=0.0000717)

ale |convection heat transfer coefficient of room side panel[W/(miK)] |Owaterin |Water temperature in entrance["C]

i |radiative heat transfer coefficient of room side panel[Wi(mK)]  |Owater.ouf water temperature in discharge('C]

ou |heat transfer coefficient of ceiling side panel[wi(niK))

Kiu |thermal conductance between room side of panel surface and ceiling side of panel surface[Wi(niK))(=227948)

Ki |thermal conductance between water and room side of panel surface[Wi(mK)]

Ku |thermal conductance between water and ceilimg side of panel surface[W/(mK)]

AHZEENDHK— SR VEmEBa 27 B
A Ku,Kl &%, Bl 1 m4 720 O/ S pVELAE R KD D
NREINVEHETORA L H I 2 A THD, ZOE=
VHE B A Ku KT IR D D Z ENTET, R
HOMETH D, BEEMNIE TIT SRV EKEOES L
2o TV, BEEHIE & EREICITREEN H - T2,
3.2. FAHEETILDEE
3.2.1 BHWY

PRENVOIRE AT HBEST 5 Z LI2 LD, BRI
Barxyx o ABRH L, ENEMBALTZHT L
FHREETNEERT D,
3.2.2BH
[1] 7V 2SRV DIRES AT

BNV REIBRO =0, REE L TEAL 2L OEH
T, 22T, TAIEAER)=FLUE (BT
AP & LT ) SMAIZR RIREE Qaeere, Y-[IERT L %
OVAMAIZE R E Qazc(fac=0o - 33< ) IZF N EF R
B—ThHDERET D, T JFEEEN KL
PRIV DEFT d=0.1[mm] & FEF =D, JES
AV R Olp & RAEANZR IR Oup 13% L
WEARGET %, (Bup=0p=0p) /XK IV DIRFEFATE T /v
% Fig 11 \ZRd, @G boizw, RS & ER
LIRELTWD,

Gai&PE

@~
x[m] Gater x[m]
OAI&PE
Qaic=Go
oL oL
Op[°C] Op[°C]

Fig.11 Temperature distribution
Figll ® X 5 (Cxdfh, sl 2 & v, 73
SN D FEIE 6 2 B OB K TET,
x=L(=12.75n+11.5[mm]) |Z R REL OB R TH 5,
TIVINRNXILOB/NKE de 290 k&, Z DX
BT DB E T V% Fig12 127,

Olp:surface temperature of room side panel[°C] al-heat transfer coefficient of room side panel[ W/(m * K)]
Qup:surface temperature of ceiling side panel[°C] ~ ou-heat transfer coefficient of ceiling side panel[ W/(ni + K)]
AaizAlminum heat conductivity [W/(m * K)] dp:Alminum thickness [mm]

Fig.12  Micro region
RIFLEZELR D B2 T DB que = @, (8,0 — 0() )dx
VEEZER D B ST D B qie = @B, — 0(0)dx |
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g L. (D KEed,
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CLC IIRFILTH D7D, HEREHEIZLVRD D,
WAL ix=00 L &, N VEmIRE %
O0=01.C) L+ 7%, Bo=2+Ci+Cy & Co=0—==Cy .. (8)
WSR2 i x=L TRV ORI CH D, /X%
NANZFRILLEEITE R TH D,

do(L)
r

M Hix, (10) XLEXED,

B 6 — B/A 6, — B/
- VAx A oVAL A - -
0(x) A+1+esze +1+62\/ﬁLe e (10)

seh
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Table 3  Input of data

Experimental | C | F ] S| CI F[ S| clF[s[clFlIs|JclFrlIs|]clFlIs]clFTls

condition Standard Center load Chilled wall Heated wall Low load Convection(w) | Convection(s)
glh{w] 222 (2221 228 | 222 [ 222 | 222 1 222 | 222 | 222 | 222 | 228 | 228 | 150 | 149 | 149 | 242 | 242 | 242 | 261 | 262 | 261
QA[m/s] 0 0 [0.019] 0 0 [0.026] 0O 0 [0.018] 0 0 [0.015] 0 0 [0.015] 0 0 [0.019] 0 0 ]0.033
Owater.in[°C] 18.34[18.36/18.46] 18.37] 18.45] 18.46) 18.30| 18.38] 18.49| 18.44] 18.47]18.44[18.36[ 18.38[18.30/18.35[18.41|18.32] 18.32|18.35]18.44
Q[ W/(MK)] 9.1 89 8211031 9.1]79]189]97|81]92[94[80) 85] 88| 79]104] 92|85 [134[124[11.0
Olc[W/(mK)] 51136142 ] 6743143504442 |54)|40] 42| 46| 38]40[64]39]46]10.0| 7.0] 7.6
o[ W/(mK)] 40| 534036 48] 36)39)53]39]|38]|54]|38|39([50[39]|40(53]40] 34]|54] 34
o[ W/(mK)] 30133 38)31]133]139]127|56]35]32]34[40] 3235|3533 [31][54]3.1]13.0]5.1
Olw[°C] 25.14(25.71| 24.7 125.38| 26.06| 24.5 |124.82]|25.38| 24.2 |125.66]26.17| 25.4 |23.28(23.53| 22.9 |25.22{25.96| 25.2 |25.54]|26.06] 25.0

standard center load chilled wall heated wall low load convection(weak) convection(strong)

B < \
= \\ N \\ N
&b 23 A
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S 2 S S —-—===a Q NS~ — — — — =E==N
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\ \ R \ \ \
] \ \ \\ N N N N
= \ \ \
\e N\~ S (- N SR B R N e
i NS BN I \afftt it ~ ~ (N N N
hY N ~N N ~ N N

flat with slit

Ola

Oua  Oip  Oup Owater

Fig. 15 A comparison between experimental value and caluclated value
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By "
/
s \ /’ 951 ®
981©@

Fig. 14 Model of heat flow
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Evaluation of Radiant Ceiling Panel using Water Medium
(Part 4)Performance of Various Panel in CFD Analysis
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While radiation cooling and heating are spreading widely, radiant panel manufacturers have developed various panels.
However, the detailed performance measurements have not been conducted sufficiently and the performance evaluation
method has not been established yet. In this study, the purpose is to measure the performance of panels with various shapes,
which are used in ceiling radiation air conditioning system. In this paper, the results of thermal performance Measurement of

three panels in environmental test chamber and reproduction of the experiments in CFD analysis are reported.
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Tablel o, of Each Panel Table2 o, of Each Panel Table3 a of Each Panel
Radiative heat transfer coefficient Olr Convective heat transfer coefficient  QlC Total heat transfer coefficient Ol
Corrugated Flat lat with Slit Corrugated Flat lat with Slit Corrugated Flat  |Flat with Slit
Standard 4.0 53 4.0 Standard 5.1 3.6 42 Standard 8.8 8.9 8.2
Center load 3.6 48 3.6 Center load 6.7 4.3 4.3 Center load| 10.4 9.1 7.9
Chilled wall 3.9 5.3 3.9 Chilled wall 5.0 44 42 Chilled wall 8.6 9.7 8.1
Heated walll 3.8 5.4 3.8 Heated walll 5.4 4.0 4.2 Heated walll 9.2 94 8.0
Low load 3.9 5.0 3.9 Low load 4.6 3.8 4.0 Low load 8.5 8.8 7.9
Low ion| 4.0 53 40 Nection| 6.4 3.9 46 Comvection| 9.5 9.2 85
High o 34 5.4 34 e ction | 10.0 7.0 7.6 cofivection | 14.5 124 11.0
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Table4 Average Heat Transfer Coefficient of Each Panel

Average heat taransfer of all condition

Corrugated Flat  [Flat with Slit
e o 3.8 oM 38
ggrxll;l/f%h(r: efiitn] 62 4.4 4.7
ggrtfasfer coefficient 9.9 9.6 8.5

Detail of panel heat transfer amount (W)
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Fig.5 Detail of Panel Heat Transfer Amount
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3 CFD fZth D= ARAFEIZ I 1T % CED fEMT 1L UL B kiR >~ —
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BICHEHR Lz, SRV EICOWTIE., EBRCEEIC TableS Analysis Condition
Lo THREN TV DIy ZIREHER D & LTH Analysis condition
L7z, MRBTZERIPEE, AA BIEE, 75 o b CFD code PHOENICS ver 4.3
°2 v o . . Turblent model Standard k- Model
SREVFHK, AV v MRSV EBIX % Fig6 ~ 9 :
" , Algorithm SIMPLE
- = puEa N 1] ]~ =3 s A
RS, M, ERIZOWTIEREMICHE L L S &3 Discretization scheme QUICK
HEL Ay aBBPRKIZRY FHRINEE S S T2 Wall Enhanced Wall Treatment
7. CFD ﬁg/]{ﬁbz L AW BHIIIT > T, Density Boussinesq Approximation
R Radiation model Immersol
<< [mm] 2280 (mm] Mesh
2770 ToT
< Case name XxY xZ mesh ol nt
N 549 Panel Standard 95x115x78 852,150
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Fig.6 Plan in Analysis Fig.7 A-A' Cross Section in Analysis Table6 Boundary Condition in Analysis
Radiant ceiling panel(2mmAliminum) Radiant ceiling panel(2mmAliminum) Boundary Condition
Temperature Specification parts Temperature Specification parts Pancl
— Boundary | Heat
‘ ‘ Case name set temperature|temperature| load Layout
# Standard 20°C 25°C Others Center load
20°C
# Ce.nter load 240w " duanI 0
—— Chilled wall 20°C 23°C g U
\ ! heated wall 20°C 27°C Convection
‘—H Low load 19°C 23°C 160W 0 Velociy
Li70mm 120nm || {170mm Slit parts 120mm [ Convection | 20°C 25°C aow | (O e
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Fig.8 Flat Panel in Analysis Fig.9 Flat with Slit Panel in Analysis
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Fig.10 Temperature Contour of Each Panel
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Fig.11 Velocity Contour of Each Panel
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Fig.13 Comparison between Experiment and Anlysis

in Flat with Slit

Table7 Comparison between Flat and Flat with Slit
in Experiment and Analysis

Heat transfer F at Flat Wlth sht Difference | Difference
amount [W] | Analysis (Experiment) | Analysis (Experiment) | inanalysis |in experiment
Standard 264(191) 258(187) 6 4
Center load 265(197) 265(181) 0 16
Chilled wall 229(174) 225(172) 4 2
Heated wall 299(203) 292(215) 7 12
Low load 194(124) 165(117) 29 7
Convection 264(221) No Data(232) No Data 11
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Air-Conditioning System Coupling Convection with Radiation
Using Textile Duct and Chilled Ceiling
(Part3) Evaluations for Indoor Air Quality and Thermal Comfort of

Air-Conditioning System Using Textile Duct by CFD Simulation
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Katsuharu SUZUKI™ " Yoshihisa MOMOI" *> Toshio YAMANAKA" ' Hisashi KOTANI" '

* 1 Osaka University

* 2 Fukui University

Textile duct ventilation is a remarkable air-conditioning system because it can supply large air volume with a very low

speed of air velocity. As compared with the conventional air-conditioning system, the ventilation rate can be reduced

without compromising occupants' thermal comfort in the textile duct ventilation system, which can supply fresh air only

around occupied zone. In this paper, the indoor air quality and thermal comfort were surveyed in the case of only using

textile duct as air-conditioning system by CFD simulation. Finally the design chart of IAQ classified by Ar was suggested.

1. [XL®IZ

REVE: « KRR X H LIc kD, JBEEICRT 7 MK
BHZIRWERY AT LE LT, IHETXAZANE Y
F (BLF. D) 2MEH SHTWD Y, ZhlTEsrtEo &
HARBMEDOH T TEIZMFEEEMEEOY 7 FTh
. Fig 1R d K D IQIREEZEIC X » TRABE LI
e Rt T 5720, ERINRA R L R LT, &
FEOBENERE RASRESCEI LD B2 B,
Fig. 212, K& KHfm & &72 LC T L IRER AWK
T Lo EAERMO AL TR (4R ) 2
T IS H TDIZIXRD K 2 RS d 5,

s PERDIRAHE T U AR TIRJEGE TR & 3720,

JEEFIC R T 7 &L ST BYEZRA L2V,
AT T RDETTZ LRI EY T 4 ITEN, BT

T, VHEL TE, AENTH D,

e D V1 TD &R RO K2 OFH L2598
AT LERT DA T 4 At LI EREZITD, P~
L~ 2% U IO TRBEREGE M 217 > T b, AL
TiE, TD Z AW EOZERE - IREEREEIHE 21T\,
FOE 72280 AT DO AE O K OGKEHTFEDHENL %
Higd, AMTIL, TD OAZZEHR S AT L L LTHN
ToRERE AT ¢ ABAE LT ROERE - AR 4
CFD fifhT U, ZE5VEFEIE 4 Ar 30 CHHE L - RE 2~

Texti‘ Duct
Q

7
/|
|

e

~
=

Laser
Source
Direction

|
I
|

e

Textile Ventilation

[\

Fig. 1 Air Distribution Strategy ~ Fig. 2 Visualization of TD Plume

2. 12X T4 RETIL
fiEpT2ER & LC, Fig. 3 (THEHEAY 72 3.6%3.6m £ = —
VTR &SN 2 SOBHEZE % Lo v 7 —a 7 o
Ko7 A T 4 A%RmT, EEOMHTZERIZA T I T
=N ET DD E L, Fig. 3R T 1 EY 2—
ND—EGy DI RHT LT, FRATZERIE BT AR PR &
725 X DIT U, MIBEC R SREE S 2B U CRET % fifilg
b L7z, TD & bl HiRGHSR (MV) ok &
HLODOET /METEE Fig 3 FOEIRT, Fig 4 12
HLAT T MRORILVAT D hE&, Fig 5I123%—RA%,
Fig. 6 IC M &R d, KEY 2—/WZiT 6 ABMEHE
1TZHT—7 A=A (ANK6 AN AHL6-D, /7 — K PC6 D,
OABERR 2 D) MFEIFTBNTWD, Fi=, Fig.6 DX
AfENT T T LAcBEd 2t & D%
EAEIC BT 205 21T, 2L TD FRUE MV
FREY LENTWD), F72 TD OFFENMEILE Z (AL
Db NMED B, FETFOE)BRRWLD, WS BLENG
fEATRE R 2B U 7=, F7-R1E Tk, MV FRET LD
Mz 3.0m 7213 2.6m O 25@ D FE Lz, Zhux, TD
FRIIKHEDOX 7T 4 TR ERR =0, KibEs

—_—— = il e
1 o
I S

The Outlet Details of Mixing Ventilation

1
1
— oo .
Legy 200 - O:‘ygiiyng _____ :_ b 3.6 |
« — ~_Jo \ | W
50 s
\ symmetry4 {1 moduec

400 ) ) r
Baffle AnalysisDomain | i
| e \_0/77)
The Outlet Details of Textile Ventilation ! NG g
UL L L L Office 1 =
caling w0 pymmety3T PL N
1 1 1
I I mim
Textile Duct $=300 1 1 \ Sy 1 etryl
, symmetry2

25.2m

Fig. 3 Plan of Standard Office




3.6m OA 3.6m 3.6m

3 machine lighting, _ _ _ _ Textile_Duct _
| ' outlet = Ill 1 1 |II Ill 1
Y
[ =) P g : N
DA E R
PC ¥
! humpan bod ! |II =] Ill I Supply ! |II Ill I
™ Planning Layout. ’ = Celling Layout " Teilmg Layout
anning Layout eiling Layout eiling Layout col Tt . Tt
common with each Mixing Ventilation Textile Ventilation Mixing Ventilation Textile Ventilation
Air-Conditioning System
Fig. 4 Planning with each Model (Mixing / Textile) Fig. 5 Perth with each Model (Mixing / Textile)
; I Textile Duct ®=300 ; Textile Duct d=300 Textile Duct =300 |
| o — ' 1 i d | |ﬁn |4V| |
| < < [ | 1 | 1 1 | 1 |
e’ I I %’ I I g T I gl T
| ] I (I g | | T | o B | !
I I I P! I I I I !
5 | 0—0 —0! =0 @ =0 =00
| . ... “Occupied Zone_ . . o I . . | . oo . . !
Mixing Ventilation Mixing Ventilation Textile Ventilation | Textile Ventilation Textile Ventilation
1 with High Floor Height with Low Floor Heigh:t TD above desk I TD above Human TD above Corridor :
I ati I
 Study about the ventilation system _ __ _ _ _ _ _ _ _ _______ a4 Study about the setting location of textile duct !

Fig. 6 Elevation of Analysis Domin (ventilation system / setting location of TD)

MV SRICHANTHTE D7D TH D, — ., BRmek

Tabl

e 1 Heat Value Condition

/%_f::&KJ: é%ﬁ%%%%?é?f:&b\ MVji:Etwc\bj:TD Name

Heat
Value[

Number [-]

W] | All member

Note

Half member|

jjit: k IE,I EI‘%%@%{#Z%)%QE Lf:o Table 1 K?fé%ﬂ%ﬁ: [Human bod:

BT, FEGEMICIT, [REERKE] L DEySER

D 3@ ZAEE L, BEITSTER Y 12k v e, Table 2 oA Machind

60 2 1 with CO, supply surface
30 2 1 -

Lighting 32 2 2 60% on Lighting position, 40% on desk and floor
150 1 1 calculated as 1,500W each module and 30% of load ratio

HRATANE AT, U - IREESS - JREES (0, L [Tolenconp | o

PR ) AT L, BSEOULH, UL AR BTz,

Table 2 Analysis Condition

ANSYS FLUENT 16.1

Standard k-& Model
Low Re k-g Model (Abe-Kondoh—Nagano;AKN)

BURIN TN o A OBLE DRI AR LT, & Tfﬁiﬂ
7~ Table 3 ([C&fMT7r— A DEERSAM 2T, KBRS -

SIMPLE

PHITEREIRA RSB 2 Y B DR, IREEL Discretization Scheme

Body Forced Weighted(pressure term) / QUICK (others)

836,700

5,735,400

The Boundary Condition is reffered Table 3.

Natural Flow out (Flow Reserved)

no slip, Insulation, Enhanced Wall Treatment

symmetry

generated as space uniform(Passive Contaminant)

0402[m3/h], 100% of CO, is generated by human body.

RE LT, MV HRTIRIRESET 2,4,6°C 72, TD RS | e | Mixing Vendation
A CIHIREZIT 8,12,16°C 22 & L7223, T dTiwfsr I:]:“‘e Ventilation
T 8°C LA LEDIREZEIZ LAg & TD 76 ORI FREL Outlet
RIS T Tl B, e
3 EALRETILE A v a DN & DM I AT
TD %25 A7 5 LTHWAHEA. Chen HIZ k- mmmz

Boussinesq Approximation

T ke 7 VORI RSN TS Y, F2, Kk
HI L&D 10°mfs] A— 42— & ARG 72 5 729,

Table 3 Boundary Condition

Mixing Ventilation

case No. Velocity [m/s]

Temperature[°C] | Target Temp.[°C] | Room Heightm] | Heat Value[W]

ELEET L & LT Re A k-e £ /L (Abe-Kondoh-Nagano [—;

4.11

ET IV ; AKN) IZOWTHBE&EIT- 72, £, GLEE

TIDENE A ¥ 2 OIS 23T A —5 L L TP

AT 24T -7~ (Table4),

1.04

2 2.04 22 394
3 1.35 20

26 3.00r2.6
4 3.17 24
5 1.58 22 304
6

Ay ok, FEUESYE| (standard) CIIEEHERIY - A

Textile Ventilation

case No. | Velocity [m/s]

Temperature[°C] | Target Temp.[°C] | Duct Diameter[m] | Heat Value[W]

KE Y (X 20mm, JEi21F 40mm THE| LE! 836,700 A ]

0.03

6

Vo, FEMSE| (fine) CIIEEME Y (X 10mm, AfKE]V (X

0.02

8

16 394

0.02!

3

26 0.3

20mm, J&121% 40mm THYE| LE 5735400 A v = & Lz,

0.02

8

a|lu|s|w|w

0.02:

2

16 304

Fig. 7\Z& 7 — ZAOREFEITFEE — A > 2 2 OV (B X

0.01

8

UK, fN) y' [ 27, i< 43E| L7z caseC,D T
BEMNTLEE — A > v a DB EE L £ TEL TV 5,
SKE TIIEEEI# L L CEWT Z4H L TWA 720, yT-]
EDFEIT L Ebis Y,

Table 4 Preliminary Analysis cases

Mesh
standard fine
Turbulent SKE case A case C
Model AKN case B case D
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Fig. 8 (T TiifihT DR R 2 JBE~ 2 F K TRd, TD
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Fig. 8 Velocity Vector on plane z=600mm (Preliminary Analysis)
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FUESHI L= D EE 2 HLb,

W, B —2D L TFIREES %
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Fig. 9 Velocity Contour and vertical distribution (casel)
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S0, TD HRUTIWT TEHEEE MBllEh, LY
PE LWRBGREEZ B L7z & W2 5, TDICLD TR
KRB 2 ST AT 2720 Th 5,

Fig. 111287 — 2 OB LIEERIRE C, 2 (S
SEEREE C, L HERIREE C, O (C,=C/C) Zad,
TD S BT, MV HTRDLGE L0 T 0icEn
ToflZ R Lz, MV FRTIERE SIS K S 3R maE D
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DEAGH TD HFUTMV HE D bEATHD LR D,
5. D REMEI-RE T H4R5T

Fig. 12 {2 3 2°pr> TD i ENLE (Fig. 6 AT~ d 3 7
Fre, MLk, AMEE, BEF E) 2OV TRET L7z B R R
FEFES AR T, HLETRS BUVMEZRT DX, TD T
eI ZE L, RN E I RAIC S S
Ll Elbong, —HANELICHRELZSE. TD T
SRS AENS D EF T — L L ERE L, SRS
K[MEFELRWeD, ETREENTE D EEZbND,

Fig. 10 (2773 (7272 L TD e 5> 1o ASHRAE Standard 55-2013
caseb, 6 TR+ Thd 2 wlHetk 1 Tociioo = Do <3
WD), —MHHIREEIZBVT, & !
= LI CRIR T, REEMGRETH D 05 :

I

FENTIE, BWIAPUKA 4T, ASHRAE
Standard 55-2013" |2 & % & SHENREE &
JHE R ZE N SCUIN & 725 Z L E
FHEORBERE LY L e EnTn

Top and Bottom [°C]
o

o @
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SN

.
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Temperature Difference between

<
&
Nid

Mixing Ventilation
| with high floow height || with low floow height ||

™ ™
& %66 %(:» %f:b &L &
i i D D
[3) S} S} S}

zb | b\
& &
o‘b‘ o‘b‘ O‘b‘ Io‘b

I
| Mixing Ventilation

Textile Ventilation |

Do —MAYZEEERASEFE L D 2 5
R (BRFRREN) 2D 2 LiTE
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Fig. 10 Temperature Difference between Top and Bottom (ventilation system)
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Ar==—r— AR EADHBIBIE Tl oo, = & — A s T
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w, W 3 H U JBGHE [mis), 7,3 WM IR [KD, T2, SRR [K] SRR B SR SN TWBEETN D MR 2T,
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B D ORI Th B, AN CIE Ar s/ s D FIRER D MR LSe35 Y v 7 57 H OVERERF
i s ICHDD AT I ATV Ot Misa o 5 SNV , 2R - 7k T
é < L D j—% }:) — CI: CE N KEIEJOD/?; = %%E [/\ I-SEIIEJ%)EH /ﬁ\ %?ﬁ‘f%ﬁ{ﬁ%ﬁj{% ypp41_44’20159

VW7, Fig 1312, Ar 02l 5YYERREZR (CRE).  2) P.V.Neilsen:Air Distribution in Rooms Generated by a

BRI (C) . R TZeRi. 2R Texti.le Teminal—Comparison With Mixing and Displacement
o . o Ventilation, ASHRAE Transaction, Part8, pp.733-739, 2005.6

A7 1 Y b LIz E2R~T, 3) Y.Momoi,G.Ntosti,S.Moiragias,Z.Bolashikov,A.Melikov.
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A . o n L Aalborg, Denmark. 2016.
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Fig. 13 the Correlation between Ar number and Index of Indoor Air Quality (All cases)
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Cooling and Heating Performance of Ceiling Radiant Membrane Air Conditioning System with PAC
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Recently, there have been growing interst in radiant air conditioning systems which can save energy and can create a

confortable indoor environment. In this study, the authors suggest a ceiling radiant membrane air conditioning system with

PAC which we can install more easily than usual one. This conditioning system controls the indoor environment by the

radiant effect of membrane and the advection through membrane. We conducted the experiment to obtain the knowledge

about indoor thermal environment under various conditions with using this cooling system. We considered what is affected

to indoor thermal environment.

IZC&HIZ

L BN e S K R v S e R U RVAR S A o) € s
~OBLBEE - TND, B ZEHRIE. KA 722 <E
LT DL OVERE AR CE D, RENEE LW
EVOIIE R D D, T I TAMIE TIE—RETIA < EA
ENTWAH Ry r—yx7 ar (LT PAC) & 7= f#
GHNE AT e 28 A M 2 42 =5 5 ATl
PN ﬁﬁt%%ﬂbt%f%kﬁ%%ﬁw\ﬁEhtm
BRBEFFE ORI O THE T 5,
1BEXRABRSER X T LOE

MER 2250 2T A L, PACHREBEB SN TW
HEORIFTEIEEED H D RRMEDREZED | D

FEHZh R L PAC 22 DR S 2 R A LT E
NHRBRERICBRT A EICLVEEERTLENI D
D72 (Fig. 1), BRI L0 KR 72 < IBE A D
INSWEREARMETE D L L HIC, EENSDOBIRIC
X0 RNEREIC ﬁLtMC@ﬁ%ﬁﬂ WD EEZD

o,

2 ERBIE

2.1 EREHE
FBRIT.20174F 11 A 23 H~20184FE2 A 5 HIZT- 7=,

L-exchange air

radiant effect

Fig. 1

Outline of Ceiling Radiant Membrane
Air Conditioning System with PAC
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E3MdmoOEEIcY v 7 77 MHWL LD & [FEkD
B H 2R 2. 6% D ABEDIR Z 58 - T2,
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PLZ-ERPI40EF)PAC 73 2 fEl 3% & S 41 TV %, PAC O

HEHE O D DREY VI —I3GAR O E EICRE S
TR, T THESHIZEENRTCEE L ZE1 D -

7= W ommw%ﬁ#t Do Flo. FEBRERIFBIC
LRI BT AR DR SV TV, ERIZENT
%ﬁ%ﬁoto$ﬁl%ﬁgNLMEE%ﬁg3K%¢o

FEMKRONEIL Fig 2 17T, AMEEEELTT Ty
757 (S3W/ R ) 2K L 0.6m o SICECE L., M
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KEA (SOW/ ) 2 FEn R EICEE Lz, WEAE
I3 812W & L7278, R TPt (Case2) 123 1T B 1%
ﬂ%ﬁ%%%ﬁ%%%4nw\m%ﬁﬁﬁ%#«mw)
TIET 7 v 7 7 T OEEZES LEF 1236W & LT,

FHA RHEO 2 EMETIIARIBDORETPACIZ L
DMBEEGRNTE D oTz, TOTDIMUZERICE — & —
@GBE)EeV—Fal—F—@AH)EREL, FMUZM
DI % R SH TR %17 7= (Fig. 2),

R EEJIE 0%, Fig. 2 100 P1 ~ P5 O F L ENUERTE S
Al S 7 T 7o, BEREIZ DWW TIE Fig. 2 1o W1
~WQ®%@W%;%h%hf@ﬁﬁmé3,?0
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7 a—7MREIZOWTIE, G22I EhE T i
3R,

FERIL, ZEF O A B AA LT BIRE SO &0
HE A B U0 SRR 23 7= o 72 %, CO,(1L/min) 4 A
% PAC O AR O TRAE S, BERIEZBMh L,
ARG 3 R I CHEZH T L=,

2.2. FEBREMF

EBRGEMT, BEOEMFE LTI A NE T HA N
(EITH A RAE (B A )] O3 Ffk% 3% (T 72 (Table 1),
TA REF, PACORHLALTIALAZE TS LI
RE L RREOBER—LE 7 FTHY | K5Hzo0
THREER PAC OFREREE - W LA - R LR
BRTA—=HL L 6r—AFD(Table 2), 18 r—=A
DEBREITH T2,

E— X —OFEREIL. T4 FE () &I
Cased LIAM T 14°C, Cased 720713 18°C THEBEEIT- T2,
A RAE (BB &ETITThosr—2 % 18°C THE
Bk % 1T 7= (Table 2),

F7-. BIRFRESMY (Cased) THA FA (JFE) & A
RE (B D) Otz VT, b —% —ToHMlZER %
BEO-N, REREE CHRENEF Loz, &
TEHEREAZEK L, 22°CRETEREZIT- 72,

3 EER#ER
3.1 PAC ME#Rik iR

Fig. 4 IZED 3 KfFZNZEN D Casel IZ2WT, EH
IRHERERB 1% DA B ORI 2L 2 T,

TR IR AR A B LTV DA%, Z4uid PAC A% ON-
OFF Z#ViR L CGEIRLZT-OEEXLOND, £IZ T,
ENEIEFE /> A (Fig. 5 ~ Fig. 7) Tld, AR ZEE R/ E <
REOFBEN/ NS WHOHATO | AOT — 2 %2 F¥ L
7oAl & L= (Fig. 4),

TA REELMCIX, HRER (T ) O L PAC
DOUGABIRE DR AN K E < By | IREZED KX

Table 1 Conditions of membrane
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Fig.2 Plan of experiment room
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Fig. 3 A-A'Elevation
¥ T thermocouple

/\ “human heating element
‘lighting heating element
@ :apparatus heating element
[ :heater

VN, FE 72 PAC RH LIEE EWGAABENR—HK LT D
72, BEETPAC KAV a— b —F v hEEZ LT
HEEZDLND, A A () & TITAHRZEM (ET)
DIRFE & PAC OWIA A FE 0 Ry [ 22 8 A3 [ A O A 7] %

H :globe temperature detector
€ :circulator

Condition (a) without Guide (b) with Guide(Membrane) (c) with Guide(opening)
/PAC
Membrane
Membrane Angle of Supply
Table 2 Experimental conditions
. Preset Temperature | Flow Rate of PAC| Angle of Supply| Total Heat Heater Preset
Condition PC] o el Generation[W] Temperature [°C]
Lon/h] @ [ 0] ©
Casel normal 1016x2 812
Case2 low heat load 19 60 412 14
Case3 [ small flow rate of PAC 717x2 B 18
Case4 high temperature (a) 25 | (b),(c) 22 812 18
Case5S 30° supply 19 1016x2 30 14
Case6 high heat load 60 1236
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Fig. 5 Vertical profile of temperature in comparison with each case
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Cooling and Heating Performance of Ceiling Radiant Membrane Air Conditioning System with PAC
(Part2)The Radiation Effect and Flow Rate through Membrane under Cooling Condition
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In this study, the authors conducted the experiment to obtain the knowledge about radiant effect and flow rate through

membrane under several conditions with running the membrane radiant cooling system with PAC. Flow rate is calculated

by using tracer gas method. In order to get more knowledge about flow rate, we focus on the correlation between flow rate

and temperature difference between temperature above the membrane and under. About radiant effect, we measured the

radiant heat rate with radiometer and calculated the radiant effect of membrane to human. We considered what is affected

to radiant effect.
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Table 1 Temperature difference and flow rate through the membrane

without guide with guide (membrane) with guide (opening)
condition temperature Q1 Q> temperature Q1 Q, temperature Q4 Q.

difference [°C]|  [m?/h] [m/h] difference [°C] |  [m?/h] [m3/h] difference [°C]|  [m3/h] [m3/h]
Casel normal 6.3 85.2 107.2 6.0 154.5 181.0 24 974.4 1003.7
Case2 low heat load 3.8 78.2 91.9 4.0 153.1 180.4 1.5 977.3 1005.8
Case3 [small flow rate of PAC] 5.0 78.1 100.3 6.9 109.9 130.8 2.9 701.0 728.4
Case4 high temperature 4.7 89.5 102.4 6.3 146.4 176.8 1.9 835.6 869.3
Case5 30° supply 6.5 84.9 105.1 6.3 143.0 174.3 2.3 751.9 784.9
Case6 high heat load 8.2 91.3 119.3 9.2 153.9 185.4 3.0 865.4 898.2
Casel Casel Casel
Case2 Case2 Case2
Case3 Case3 Case3
Case4 Case4 Case4
Case5 Case5 Case5
Case6 Case6 Case6

Casel Casel Casel
Case2 Case2 Case2
Case3 Case3 Case3
Case4 Case4 Case4
Case5 Case5 Case5
Case6 Case6 Case6
0.0 0.2 0.4 0.6 0.8 1.0 1.2 0.0 0.2 0.4 0.6 0.8 1.0 12 0.0 0.2 0.4 0.6 0.8 1.0 1.2
ratio [-] ratio [-] ratio [-]
(a) without Guide (b) with Guide (membrnae) (c) with Guide (opening)

Hr—

Fig. 7 The ratio of flow rate in each cases to that in Casel
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Fig. 8 Radiative heat flux change ( 4R )
IEBRBUR B R AR © B L7720, AR, HRER IR
Tyw b R—=2RE T, 1250 T, SAREB /NS VWHD
HERTO—JEW 0T — 2 258 LT-ffiz A7z, (Fig. 8)

4
Ry, = AR — 0p¢ Z Pwpd * TWn4 +0p - Td4

.. (5)

=
T = B/ e .(6)
ARy, = 0,6 - £y @mn (Tt — T (D
O = (T = T3 -®

& AR & DERBUR B R AR, WBEREIRE 0, X
FEVRIESR o, OFEHFESR % Table 3 [ 2”7,



A-16

Table 3 Radiative heat flux and temperature of membrane surface and heat transfer coefficient

. . with guide . . .
— without guide membrane) with guide (openning)
ARy B o ARy, O a, ARy B o,
wW/m? | [°Cl1 |[[w/m?K]| W/m?]| [°C] |[w/m?K]| W/m?]| [°C] |[W/m?K]

Casel normal -7.9 18.9 5.8 -1.8 19.0 5.8 -9.0 17.3 5.7
Case2 low heat load -8.5 18.1 5.7 -8.0 19.0 5.8 -8.9 17.6 5.7
Case3 | small flow rate of PAC -1.9 18.9 5.8 -7.2 20.1 5.8 9.3 16.8 5.7
Case4 high temperature -4.5 24.4 5.9 -5.8 22.3 5.8 -7.0 20.6 5.8
Case5 30°diffuse -7.9 18.8 5.8 -7.9 19.0 5.8 -9.4 16.7 5.7
Caseb high heat load -7.6 19.1 5.8 -7.1 20.0 5.8 -9.5 16.5 5.7
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Study on energy-saving effect of the thermal grid air conditioning system
-Estimation of the best pattern of interchange chilled water or hot water by the genetic algorithm optimization-

Ol #rh CRBRiSER ) g AT (CRERTSZRE)
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*10saka City University **Yasui Architects & Engineers,INC.

In the thermal grid system of the heat interchange system where the demonstration test is conducted in the exhibition holl, a
high efficiency heat source machine and a loop piping have been introduced into the existing heat source equipment. The
energy saving effect was proved by use of the high efficiency heat source machine preferentially. In this paper we optimized
the pattern of interchange chilled water by the genetic algorithm. As a result the cooling load was reduced by 14% compared
with the real operating.
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NRBERE DR B PE SH7=(Tablel), RS D, Figure1  Outline of air-conditioning equipment in exhibition holl
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Table 2 Equation of the evaluation function

(S;-mj) — CL; = QGy Eq1
Qij_1,j +Q; = Q0j 41 Eqg.2
E; =S n/f; ;) )x3.6 Eq.3
P = (H;-Mo';,,/(§ - 6120)) X 3.6 Eq.4
H;=10.67Lj 4y M0 ;11" %° /(€85 d; ;1 **) Eq.5
2
p = (Mopayjjr1 — Moy j1q)” X 1000 Eq.6
J=2E;+¥P+p Eq.7

Table 3 Description of the variable(Table 2)

The rated capacity of heat source

S; ¢ P, The primary energy consumption
machine(kw) T linthe heat interchange(MJ)
n, The load factor of the heat
J |source machine(-) H; | he ift in the building)
CL; :)-Slel din;j(olj\:\r/])g load in  the Mo’ 1The flow rate from from
B .
06 The production amount of heat bUI|dInng.t0 building3+1(msih)
I |to the thermal grid piping(kw) ¢ [The efficiency ofpump =08()
The supplying amount of heat| | | The length of pipe from
Qi;_y,; [from buildingd-1 to H*L louilding) to buildingd+1(m)
buildingd(kw) C The coefficient of the flow
0, The production amount of heat rate=100(-)
) |of heat source machineJ(kw) The diameter of the pipe
The supplying amount of heat dNJrl between buildingl  and
Q0jj4+1 fronm. building) to buildingd+1(m)
bU|Id|n'gJ+l(kW) - p_ |The penalty (V)
E. The primary energy consumption T - ™
I |of the heat source machine(MJ) | gy |, - x W A6 BENAEEN
£ The COP in the load factor of building) an.d bU|Id|rTgJ+1(m3/h)
j*'J”" |the heat source machine(-) ] |The evaluation function (MJ)
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Figure4  Comparison of system COP

Table 4 Heat consumption and the number of running R @

‘ The

cms:f:;m[ Bulding! | Bulding? | Bulding3 i‘;'g“”ff BuldingS | Bulding8 |number of
i RIOT | R201 | RIOI | "pyo” |RS01R502 [RGO1~R60G sperstng
500 306.9 0 0 0 0 0 i
6:00 1726 | 5438 | 18 | 2613 0 1103 5
700 207 | 6577 | 4589 | 1316 | 6383 11686 6
8:00 11636 | 1566 | 1301 7749 0 5965.8 8
9.00 10166 | 17642 | 14677 | 8817 0 7479 8
10:00 11311 | 17642 | 14388 | 1017.9 0 51357 8
11:00 10448 | 17782 | 13214 | 1059.3 0 58659 8
12:00 10848 | 17643 | 13064 | 10724 0 5958.7 8
13:00 1069.7 | 17466 | 13938 | 10178 0 57138 8
14:00 11392 | 14719 | 1177 | 8202 | 0 38938 8
15:00 618 0 0 36.6 0 21.1 3

Table 5 The load factor and the number of runningR @

The
R101 |R201 [R301 R501 R50Z2 RE01 R602|R603 RB04 RE05RE06 number ;f
running
500 x X X X x X | X x x x |08 1
6:00 x x x x x x x x x x 1.0 1
100, x 0.16 | 0.70  0.15 x X 01| x 02| x 08 6
B:00| X 05 1.1 04 X X |06 x |07/01/05 1
9:00, x 0.5 1.1 04 x x 06| x 06|06 /05 7
10:00, x 05 | 11 04 x X (07| x 06| x |06 [
11:000 % | 05 | 11 04 | x | % 07| % [ 07| x [07] 6
12:000 x 05 1.1 04 0.5 x 07| x [07| x |07 7
13000 x |05 [ 11 04 | 07 | x [ 07| x |07 x[07 7
14:00, x 04 | 07 03] 07 | x 03| x 05| x |06 7
15:00 x X X x 003 | x x| 0| x|[x | x 2
Table6  The load factor and the number of running R@
The
“~._ |RIDI |R201 |R301 |R501 |R502 |R601|R602|R603 R604 R605|R606|numberof
. running R
5:00 x x X x X X x x x X 0.8 1
6:00 X X * X X x X b3 X x 1.0 1
7:00 x x 0.5 X 0.7 04 | x * b X 1.0 4
8:00 X X 1.0 X 1.0 09 |09 | x X X 1.0 5
9:00| 08 X 1.0 X 1.0 1.0 109 | x x x | 1.0 6
10:00| 04 X 0.5 04 0.8 04 04| x |04 0410 9
11:00{ 0.7 X 1.0 x | 1.0 10707 | x x x | 1.0 6
12:00| 05 x 0.6 04 10 | 05|05 |05 x |05 1.0 9
13:00 X 0.6 1.0 X | 10 07|08 | x X X 1.0 6
14:00 X x 0.8 x 1.0 07 05| x X X 1.0 5
15:00 x x x x X x x x x X 0.1 1
B Gurid pump in heat interchange(MJ)
I heat source machine(MJ)
550
- 500
S aso 2 6% 14%
J 3.2
~ 400 - down down
350
500 466 425
300
250
@® @ ©)
Figure5  Comparison of primary energy consumption
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Sudy on Tuning Method for the lce Thermal Sorage Type Multi-split Air Conditioner

Ow 1k A (BIEESN) a5k e (BIPEEE))
B st (BIrEES) A B 3L Cvoxyb)

[} BE (TL7xry )
Mayu YAMAGUCHI*? HiromasaYAMAGUCHI*! Takuya KISHIMOTO*?!
Masahiro FUJIMURA*2  Yuki NISHI*?2
*1 The Kansa Electric Power Co., Inc. *2 Aleph Networks Co.

Recently, the multi-split air conditioner (EHP) tends to be designed more efficient at partial load than at full load. On the
other hand, the ice thermal storage type EHP (ice EHP) operates at full load during night time. This paper shows a tuning
method for ice EHP which uses the load limiting function. And the effect of the tuning is verified by measurement of

energy consumption.

[ZL®IC Th x5, A FIX, PLC (Programmable Logical
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Table2 The measuring points for the outdoor unit
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Fig.4 Energy consumption of the outdoor unit
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Fig.5 Energy consumption of theindoor unit

Table4 Comparison of the energy consumption
NSUBEC] ESNBENE[KWN RETFY ®wETFHY
| ZB | | 2 |

B 18R

s ERd kwhl OkE
26.4] 22.7| 126] 235| 36.1

- 9A48 [A
#
HEGL 9858 [k | 26.5| 23.4] 135| 381 51.6 %0.8 100%
98118 |8 | 28.9] 25.7 9.7 19] 287
0% 9R128 |Ak | 24.9] 25.8 5‘8_| 17.1) 229 181 59
40% 9H258 |A | 27.1] 21.4] 135 64] 199 9.8 32%
9h268 | | 27.1] 22.4 82l 132] 214 .
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Fig.6 Energy consumption rate limited(70% and 40%)
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Fig.7 Indoor temperature and energy consumption rate
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Fig.8 Input date on refrigerating cycle
Table5 Input date
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p MPa
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Fig.9 Comparison of refrigerating cycle unlimited and limited(70%)
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Changes in Energy-Saving Consciousness and Behavior by Environmental Education for Students
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In R junior and high school campus, a lot of environment-friendly technology is built in the school
building. However, there is a problem that students don't understand the contents of the environment-friendly
technology.

In this research, we conducted environmental education for the students. The purpose of this research is to clarify

changes in energy-saving consciousness and behavior by environmental education for students.
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Fig.11 Change in consciousness and energy-saving behavior at home

(example of one student)
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Analyzing energy consumption structure in the large composite facility using detailed

measurement data
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In recent years, the number of buildings that have introduced BEMS has increased owing to development of information

technology. However, the energy efficiency methodology which analyze such detailed measurement data and utilize the

result for energy efficiency measure has not been established. Methodologies for evaluating building energy performance

are classified as follows: i) Analyzing patterns of major energy end-use categories at various time scales, ii) Benchmarking

the whole building total energy use. iii) diagnosing HVAC equipment. The purpose of this study is analyzing energy

consumption of office and revealing composition of energy consumption using BEMS data referring to procedure i).
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Table.1 Information of the building

Location Osaka City ,Osaka Prefecture
Floor number 38 floors above ground
3 floors under ground
Office area 11" through the 37"
Office floor area Approx. 73000m?
Measurable data Lighting
Equipment
Interior AHU(cold or hot)
Perimeter AHU(cold or hot)
OHU(cold or hot)
Period for April 1, 2016~March 30, 2017
investigation
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Fig. 1 Plan of target office area
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Table.2 Results of multiple regression analysis

Standard partial Compensation

Objective Patial regression
Explainig value . P-value regression coefficient of
value coefficient . o
coefficient determination
Constant
Cold load onsan 6800 <0.01 0.69
number
Temperature 426 <0.01 0.75
Int | heat
niemnelhea 43 <0.01 0.36
generation
Constant
Hot load onstan 5690 <0.01 0.67
number
Temperature -330 <0.01 -0.81
Internal heat
) 0.47 <0.01 0.06
generation
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Table. 3 Results of multiple regression analysis

Patial Standard partial  Compensation
Objective - X i .
| Explainig value regression P-value regression coefficient of
value coefficient coefficient determination
I-AHU(cold) Constant number -400 <0.01 0.14
Temperature 100 <0.01 0.34
| | h.
ternal heat 09 <0.01 0.6
generation
P-AHU(cold) Constant number -2700 <0.01 0.54
Temperature 147 <0.01 0.61
| | h.
ternal heat 2.10 <0.01 0.41
generation
I-AHU(hot) Constant number 230 <0.01 0.02
Temperature -10 <0.01 -0.14
| | h.
ternal heat 0.03 031 0.02
generation
P-AHU(hot) Constant number 1550 <0.01 0.36
Temperature -55 <0.01 -0.51
Internal heat
) -0.87 <0.01 -0.38
generation
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Table. 4 Results of multiple regression analysis

o Patial Standard partial Compensation
Objective
| Explainig value regression P-value regression coefficient of
value
coefficient coefficient determination
P-AHU(cold) Constant number -380 <0.01 0.22
Internal heat
. 1.33 <0.01 0.25
generation
Direction 26 <0.01 0.05
Temperature 23.4 <0.01 0.39
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Planning and Commissioning on ESCO Project
by the Animal Experimentation Facility
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The Animal Experimentation Facility introduced the energy-saving system mainly based on repair of the air-conditioning

heat source and steam boilers in its ESCO project ,and succeeded in 33.4% reduction in energy consumption. This document

reports outline of the project and the commissioning result at the first year.
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