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Displacement Ventilation for a Four-bed Hospital Ward

(Part2) Influence of Cooled and Heated Walls on Contaminant Concentration Distribution
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Unpleasant odor from inpatients’ bodies or their discharges in the hospital wards is one of the most problematic issues in

Japan. In this research, displace ventilation is proposed to solve this serious odor problem. However, if there are windows or

walls which are faced to outdoor air, the upward or downward flows are generated along the walls and it may alter the height of

contaminant interface and the contaminant profiles. This paper presents the experimental results which investigated the influence

of upward and downward convection flow on the contaminant concentration distribution.

1. [FL®IC

JREITIL, EFRITH CREBAE LM ST 572010
UME G L PREMENER S D, AFIE TR, T EE
KT D7 DDOTFELE LT, ICBWEEOM IIZZh R T
b HEBBKOBEHEE 2 5,

B &1L, EASIRE & FRXITE DI ER
BLEHELLIRDE SITH R 2T 25K TH
Do FREXVEPEIELRWGA, BEftme S 2L EicBik
SN Z OE S U TICHERAT L Z &30
7o, N EIXIEEICR I D, Figl ICE B O
A A (LD ICERE S SI2B T D EON L &R/,

0,=2.0,+2.0,,~-2.0.

(1.1)

O, s 0,1 BEND O LR
O, NMEDNS O ERSRE Ot BEND O PRI R

HVRUT S 2 BEE TR ClE, AVRIR & =|IR & DZEIC
L0 Tk - ERKEDSIER S LD, - CEBARKEN
IZZ DX D BB FET 256, B R S OLE#H
ZERIHEFEDIR TS SR Z S a WREERH 5, 2
CAMFIE CTIXE B RIR = 2T D RER O 9 HDo—>
B ANVKAERREER & UE L. 2 OBEH S E LRI IFE T
HEICOWTOHREIT 72, AWM TIX, S5 R
BRI RIET ROV TRET 5,

boundary surface

Q,

AT
human body ‘ \ /

bed \

Fig.1 Displacement ventilation

2. REBHME

Fig.2 |2 CO, % 4 fi 5 L OV CO, 3 FE W & 5 % /R 3,
CO, DFANINED B OTFY) 2 485 L, 2L/min THAE
EHz, FEBREMICOWTIIATR (D 1) 1TR7,

EHR SNoF2EE (DUF, EiKE) WiRER
& OY Outer Chamber (OC) WIREEMNSEFIZE L= 2 & % i
R, CO, ZRA SHT=, HIEMITHERBEE K OE
PR ENBRENEFISELZZ 10 Mo E 45,
FERITITHERIREIC L 0 UL L7l R LTV D,

845 1386 1386 1386 1386

Outer Chamber : >
\ Air Conditioner

<«—B

2 . —
S /7 Supply Chamber
= Air Inlet Pe*
r Wall(4)
Wall(3) n ! n
Cylirldrical
Bed Heating Element

LR Py Pd wal@) | T

Plasterboard
A Wall

1800

Oquet

1800

800 500

LI
“Pa

| |
Wall(1)
S s |/
L i
Air U <«B

* CO, measurement point A CO, outlet = Black lamp

o
hel
e —4
470
- Heat Inslator
400 oo
r Outer Chamber %yhr}drlcal
eating Element
(0 N g
200x6 CO, outlet ~
Plasterboard Wall _Black lamp \Air Inlet| |
400 Be A g D - E
=
- (=4 (=]
300/ 2 ) J

Vertical CO, measurement point

Fig.2 CO, Measurement Points



2SN - AR LA S

A-27 IR DR ICE (2019.3.11)
2500 2500 2500
2000 f /ﬁ 2000 2000
E 1500 £ 1500 E 1500
Fava
‘s 1000 ‘s 1000 ‘5 1000
T TR ) )
500 500 500
5o & Y
0 0 0
0 0.5 1 1.5 2 0 0.5 1 1.5 2 0 0.5 1 1.5 2
CO, Normalized Concentration (-) CO, Normalized Concentration (-) CO, Normalized Concentration (-)
(1) Pa (2) Pb (3) Pc
2500 2500 2500
2000 VAR 2000 7N 2000
F A BA H y - :
£ 1500 /q% £ 1500 W £ 1500
= = =
% 1000 1000 3 1000
= = =
500 500 ‘% 500
0 0 0
0 0.5 1 1.5 2 0 0.5 1 1.5 2 0 0.5 1 1.5 2
CO, Normalized Concentration (-) CO, Normalized Concentration (-) CO, Normalized Concentration (-)
(4) Pd (5) Pe (6) Average of All Measurement Point
—0—Casel —®—Case2 —&—Case3 ¢ Case4 —©—Case5 —H—Case6 —4A—Case7 —— Case8

Fig.3 Vertical CO, concentration distribution

e —

’£

A-A Cross Section B-B Cross Section

1) Casel

B-B Cross Section

(2) Case3

A-A Cross Section B-B Cross Section

(3) Case5

A-A Cross Section B-B Cross Section

0 0.2 04

0.6 0.8

(4) Case8
[ | [ [ T T
1 1.2 1.4 1.6 1.8 2

Fig.4 Contour of CO, Normalized Concentration

3 WERLEER

3.1 15°CH#a5% - BEESHIEH

BB E ~ DR % 15°C TITV, Wall3) 24 H L
756 O R % Fig3, 4 12779, Fig3 144 Case DFHHE
CO, JEFE/3 AT 2 W E M 2 & ICHE 7= b O, Fig4 1X Fig.2
R LT 2WiR COREa X —Th b,

F 9 Case IZ X D A#1T 9, Fig3 L0, OC NiRE
ZAK < Hil48 L 7= Casel, 2 TlEfthd 7 — & & il L C Pa,
Pb, Pc (23T D IRIENEFRENFm < o> TWD Z LWy
Mb, Zhix, wEIE Nz Wall3) 1278 - T RS
L, EEMICBLEINL CO, RETFEBIZIHALTW
L0 ThHhDdEEZBND, Fi2 Fig3(6) LV OC Wik
& RS DI o TRESBENME N L, BRI

ERBETLTCNDZ ERNND, T Wall(3) £
RENELOZEZIREIZT DW= 2 & T, ZOBEZH -
7= TSN Liz-dThd e EL NS,
WAZH]NE FIAZ X B el 217 5, Casel, 2 (23T Pd,
Pe TIRIMIFRENEm bR BER & LT,
Pd (22Tl Wall(3) 2> 5 D B33\ 723D F RO
WELZZIFIZ\WI L, PelZ oW TIHRAR D IZiT W
DEICHHERELRICSILINTWVWDLZ ENREX LD,
Fig.4 £ ¥ Wall(3) O il 73 & 31 0 22 5125 <
WEELELARFRO a2 =L TWDLZ ENRNnN5D, 2
D LN BEEETBERMNENER E LN ST LR &
RO TWAHHEMEREZ LD, £z, WT o Case
2BV T H Wall(3) il T CO, DIFFH LN R 5Tz,



2SN - AR LA S

A-27 IR DR ICE (2019.3.11)
2500 2500 2500
2000 [/ 2000 AN 2000 T
: S e LA
E 1500 E 1500 E 1500
‘s 1000 ‘s 1000 ‘s 1000
e i e ey
500 x 500 ﬂ 500 1
0 0 0
0 0.5 1 1.5 2 0 0.5 1 1.5 2 0 0.5 1 1.5 2
CO, Normalized Concentration (-) CO, Normalized Concentration (-) CO, Normalized Concentration (-)
(1) Pa (2) Pb (3) Pc
2500 2500 2500
_ 2000 _ 2000 /.,/) s 2000 \
g =) / =)
E 1500 £ 1500 E 1500
5 5 5
'5_:'3 1000 'g 1000 #@ 2 1000 /(
500 500 ‘/ 500 l
0 0 0
0 0.5 1 1.5 2 0 0.5 1 1.5 2 0 0.5 1 1.5 2
CO, Normalized Concentration (-) CO, Normalized Concentration (-) CO, Normalized Concentration (-)
(4)Pd (5) Pe (6) Average of All Measurement Point
—0—Case9 —#—Casel0 —a&—Casell —¢— Casel2 —o—Casel3

Fig.5 Vertical CO, concentration distribution

2

B-B Cross Section
(1) Case9

A-A Cross Section B-B Cross Section

(2) Casel0

A-A Cross Section B-B Cross Section
(3) Casel2

A-A Cross Section B-B Cross Section

0 0.2 0.4 0.8

(4) Casel3
[ [ I I B
1 12 1.4 1.6 1.8 2

Fig.6 Contour of CO, Normalized Concentration

3.2 15°CH#e5 - BRmEmEaAEH

BRI B~ DR % 15°C TITV, Wall(3) 2z L
726 Ok 8L % Fig.5, 6 1IZ7x 9, Fig.5 134 Case DR A
CO, JEFE /AT 2 W E L 2 L \CH 7= b D, Fig.6 1% Fig.2
R LT 2B COREa 2 —Th D,
F 7 Case IC LD AIT 5, Fig.5 LD W3 41D Case
WCBWTHEFERRENMENZ ERNS05, Zihux, T
BTN E CIZ S WBERIINBARMFE Ch D120 8B 2 b
N5, ALY HAEAEEE AR BT ORE NI
Case lDZENRNZ L b3 mnDb, ZOZ D, T
RITILZE T OGRS RELS BT LD L
EBERAOND, £ERK, 2 T0oO Case HIERIZHB W T
RN O 22 AR EE DN KEEN L 0 IR < . Wall(3) BL

SO 3EEHABH I N TV, ZOTDMBIZ L 5 E5F
RIREDS TRAMEICE T BEEE ML Z
CICEDEENNES ol & Case [ DZEN 22 OHL
ML TEILND,

UATHGE AT X 5 e & 17 9. Fig.52), 3), (4) kT
Fig.6 X ¥ /& & 1000 ~ 2000mm D#iPH 23T CO, D
MPELTTWDZ ENRnnD, ZULZ O S CREHRIE
FELZERIRENFE L RY . EAKMEA LR Kotz
O ThbEEZLND, £71-Figs, 6 XV, & X 1000
~ 1500mm DOALEIZ AR E SR mA BRI Tnd
&L LRI 2 X — 7o TND T &R D
%o LLEX Y SRS IR S OO REEN R E
R DPTER SN TN D EE X LD,



RS I P S e 25 Sli i |
A-27 IR DR ICE (2019.3.11)
2500 2500 2500
2000 2000 AN\ 2000 T
e 7 e e
E 1500 E 1500 E 1500
J S I BN
‘s 1000 ‘5 1000 ‘s 1000
i 2 S el s N T I
500 500 500
bdl N d Sed %Y N v e
0 0 0
0 0.5 1 1.5 2 0 0.5 1 1.5 2 0 0.5 1 1.5 2
CO, Normalized Concentration (-) CO, Normalized Concentration (-) CO, Normalized Concentration (-)
(1) Pa (2) Pb (3) Pc
2500 2500 2500
WIS 5 b S
£ 1500 £ 1500 E 1500
S o |_A R 5 0o | £ AU
‘s 1000 ‘5 1000 ‘s 1000
S LR Sl A " LR ™
500 500 500
d L LN & VNN bt N e
0 0 0
0 0.5 1 1.5 2 0 0.5 1 1.5 2 0 0.5 1 1.5 2
CO, Normalized Concentration (-) CO, Normalized Concentration (-) CO, Normalized Concentration (-)
(4)Pd (5) Pe (6) Average of All Measurement Point

—@— Casel4 —®—Casel5 —&—Casel6 —¢  Casel7 —©— Casel8 —=—Casel9

Fig.7 Vertical CO, concentration distribution

=

’£

\ Nl
A-A Cross Section
(1) Casel4

B-B Cross Section
(2) Casel6

>3

"l'-
—— = SNaw W

’i

A-A Cross Section B-B Cross Section

A-A Cross Section B-B Cross Section

(3) Casel?7
I I

0.8

Fig.8 Contour of CO, Normalized Concentration

3.3 20°CHa% - B EAEN

e
BB E DR % 20°C TITW,

Wall(3) Z ¥ #1 L
kEA®F%%ﬂy8:%¢J@7ﬁ%@m@%p
CO, BJEAT 2 WE R T LICERZ S O, Fig8 1% Fig.2
R LT 2B COREa 2 —Th D,

F 9 Case IC L DL ETT 9, Fig7 LV Casel9 2%
W TR BRARRY 2R B A TR L TV D DD il
? Case ([CB W TIEHfARE RN L onerolz, Z
Ol E U TEEEICH T 2BWAEE 2 5, KERITA
FRICERE L TR Y BRI 0 KUpE 2 8 10 45 KR B L)
11.1°C Th o7z, BEEHKE~DIHR A 20°C TITo 72
ZEIZE D I5°C AR L 0 b BRI L D BRI
L. BEH FREROEENKES RoTbDEEXBND,

(4) Casel9
[ [ I I R
1 12 1.4 1.6 1.8 2
PAZHE SIC LD 21T 5, Fig8 IV W Ihdsk

2BV T A-A Cross Section TIXAELFEFRE 72 - T
WD ZEDBGInD, ZOZE DD EHEER TR O T R
DEFRKE R TERIC > TWD B b5,

4. BHYIC

SHBITETNFROMERN L2RAD TETH D,

[F5E]

. JSPS BHiFF#} JP15H02279 DBk % 5% T 7= H D T,

(23 3Chk]
1) REHVA:REHVA Guidebook on Displacement ventilation , 2007
2) AR « B 2 B L T2 R R N DR R B Yt R 43 A
THIEZBET 208, RECRAE 153, 2012
3) MR, 1 EM&?% , /J\?F?F%HTE T v , PHER R B
ZEA LT 4 RREOBRKFEICBE T D8 (20 1) A -
DINFEAEE [H 73 28 PO JLEE 73 A7 L2 R 9 R0

ABFFE



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

BRAGREZMNRELE-BR AT LOMRETMIZET 5813
(ZMD4) [RARERTEENFFRBOBRIDEICRIFTTZE
Evaluation of Mechanical Ventilation System for Bio-Clean Sickroom
(Part 4) Effect of Flow Direction and Supply Opening Area on Ventilation Efficiency
under Non-Isothermal Condition

Offilr E&
e B

CRBRHTAZR)
(KRB NERE)

R R ORBROREE)

Hiroshi MURAYAMA “' Tomohiro KOBAYASHI ** Noriko UMEMIYA *'

*! Osaka City University

*? Osaka University

In April 2012, the facility standard of bio-clean sick room was changed by the notification by the Ministry of

Health, Labor and Welfare, and the air conditioning equipment in the bio-clean sick room is obliged to adopt

the designated laminar flow system. However, it is not clearly defined what kind of air conditioning system

specifically meets the facility standard for each system. In addition, the performance evaluation method of the

ventilation system has not been established. Therefore, in this study, we focus on the ventilation efficiency in

various ventilation methods for bio-clean sick room and aim to perform quantitative performance evaluation.
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Thickness : T 1.2 mm
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Fig.4 Concentration Distribution for Case 1 - Case 4
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CFD code ANSYS Fluent 17.0
Turbulence Model Standard k-epsilon Model
Algorithm SIMPLE
Discretization Scheme QUICK
Inlet Velocity : 0.1 to 1.0 m/s (every 0.1 m/s)
k, € : based on Turbulent Intensity and Length Scale
Boundry
Condition Outlet Gauge Pressure : 0 Pa
Metal Wall : Standard Wall Function
Walls -
Symmetry : Free Slip
A 1227964
Total Number of Cells B :245,280
C:299412

Case 3 Case 4

Fig.3 SVE3 Distribution for Case 1 - Case 4

Case 3
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Fig.5 Mesh Layout for Punched Metal
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Table 5 Ventilation Efficiency for Case 4A - 4C
Al S Contammatl.on
Efsisteney [ o) Removal Efficiency
Case | Porosity J ¢ [-]1 (&)
Around Around
Room Bed Room Bed
Case4 | 50.9% 0.433 0.575 0.625 0.700
Case 4A | 40.3% 0.460 0.586 0.630 0.709
Case 4B | 32.6% 0.491 0.599 0.636 0.708
Case 4C | 22.7% 0.530 0.590 1.08 0.860

Case 4B
Fig.7 SVE3 Distribution for Case 4A - 4C

Case 4B
Fig.8 Concentration Distribution for Case 4A - 4C

Case 4C

Case 4C
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Research on Efficient Heating System for a Plastic Greenhouse in Winter
(Part6) Suitable Shape of Thermal Insulation for Heating Around the Plant Root in High Floored Sand

OZiiE  AES CRBRTNIR)
g LT (ORBRMINLREE)
K Bz ORLVEERRASH)

vl EAn CRBRiiSLR:)
e HEFE OR Lt kkaAh)

Masao SAITO*!  Masatoshi NISHIOKA™!  Minako NABESHIMA*!
Yasutaka KITAGAWA™?  Yoshiyuki OOHASHI*?
*10saka City University **TORAY Construction Co., Ltd.

Recently it is known that high floored sand cultivation that can cultivate in easy work and high productivity. This study shows that

we have overcome the problem of installing thermal insulation under the sand, which is a conventional heating method, by installing thermal

insulation on the surface of sand. Furthermore, it showed suitable shape of thermal insulation for heating around the plant root in sand.
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Fig. 1 Sectional view of sand bed in conventional warming method
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Table. 1 Symbols used for abbreviation of case settings

1st Shape of 2nd Position of 3rd Position of
letter Thermal Insulation | letter Thermal Insulation | letter Heater
No X No X No
Thermal Insulation Thermal Insulation Heater
p Plate T Top Upper
Shape Part of Sand Part of Sand
T Trapezoidal B Bottom c Centar
Shape Part of Sand of Sand
L L U Upper Lower
Shape Part of Sand Part of Sand

Around
the Root

0[mm]

Vertical Depth at x

Heater

f Insulation
Sand i ‘
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Fig. 3 Simulation model of PBL, PTC and TUC
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Fig. 4 Vertical temperature distribution at planting position

Mean temperature around the root:PBL 10.7°C PTC 10.3°C TUC 10.3°C
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Fig. 6 Vertical temperature distribution at planting position

Mean temperature around the root: PtTU 10.7°C PtTC 10.9°C LtTC 11.2°C



A-47
2.3 BSTZRE MK L - REEDRET

ZZETIE, KMEEEL, WiEW EE EEicaE
L. IRRFRONED AR BRAN AR D B TR &2
fRat L C&72A, HHRCITHHIC X 2R oMmEz
LOWEOFARBIAET D, Lol Widf 2 w)E i
WZRRE T 5 Z &2 L - T, B o ERm OBV
BHZDIENEZDND, &2 THEW b
WET DI LICR DL, 1ECRIETHY . WERmN
FHLTW5 PBL &, PBL &[AIFEEDRIERNE &+
PTU, & bR Z AR CRIRANCPRR T D Z &8
T& % LTC @ 3 BHATHEATTH>, £FHPoEr=/1
N ANZRE L, Fig 7 ICERSKMERT, VI
— g LV ELNEMALEIZR T DEREIRE A &
Fig. 8 |/~ 7, WERENAFEH LT\ % PBL 23 b &0
IR TH Y | Wi CwlgRkimzE > T\ % PTU
D3 HAKY MBIIRE L 7257, LTC (X PBL X Cldie
WS, g R O—HNFEH L TH DT, PBL & LITC
O IR OMUEIRIE & 7o o 72, HEORBEEZSZ2 5 L
WEREAZEH L TODIEERIBIRER &< 72D 2 &0
GyIno 1D T, BRI WA 2 3%E -+ 555513 LTC
DI ITBEREDO AR L TWH b0, A%
BT HWER THDHZ ENLEE LN EBZ DD,
3RBGICHITHLFHER
3.1 EERE

REBRMOY I 2 b—3 9 UHERTPBL & PTU A3
FREE DOIRIBZN I 2 FFD 2 L 233> 72D T, PBL & PTU
LR UIAROIDR > REED | WIEIT/IMASE A Efb L,
TERENT B 31 D EREIRE AT DO %1T5 Z L TV
2 b= a URER R CIZ R 20 M DT, F124Z
HH O 2 b— 3 CIEPBL @55 PTU LV HiR
BAREDSEOFERNE O N0 T, ERNLE ISR D80
ERESMOMEZIT) 2 LTy Ialb—a VR E
B CIZ/2 D& ol EIERRAHERTHZ L
T, &5 HORIBNRBENNEREN DT,
3.2 EERHER
EERHIM12/18~124)D 5 H 114 2B H VI a2 Lb—
Ta S ERIU < HEORENIR 6 BEORbIE DOFNE
IREE3A % Fig. 9 (¥, WEERE CTlE PTU O NRE
BEL R0, v ab—a URERLIDEND, RO
PREEE PTU OF 18 09CH < 7eolz, ZOHHE LT
I PBL DIREFRLEN Y S = L—3 3 V4 & 10mmF

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

FEFTNTWDEFIINHH Z &S0, PBL I ER E AN
TH L TWDDTEE LT WS o TNDH T ENR
b biLd, yiJwaay#%k@H@i%ok%
DO, PTU T 72 < & b [RIFRE OIS U 72 R
NHDZENmnole, F21/14 T Iab—Ta gk
TEERUL  BRORERDH 5 14 RHIBIT DR OFE
IREE 94T % Fig. 10 14, ARBARE I I 2 L—2 9
ARk, HEORBIZ LY PBL OFREWERE 2D

5 H A CIIARIARIRLS waé@imn&&oto

3 Flux-2

mT—

Flux-

- -
x >I<
=] =
T T
Flux-4
Flux -1
Heat fl
(Complete eat Tlux

thermal Insulation) OW/m2

Sol-air temperature
259 °C
Combined heat transfer coefficient
11.0 W/(m-K)
Solar absorptivity
0.8
Sol-air temperature
29.5°C
Combined heat transfer coefficient
11.0 W/(m+K)
Solar absorptivity
0.6
Sol-air temperature
15 °C
Combined heat transfer coefficient
11.0 W/(m-K)
Solar absorptivity
0.6

Flux -2
Flux -3

Flux -4

Fig. 7 Boundari Condition

=—PBL —PtTU ---LtTC
20 22 24 26 28 30 32 34

0 : : : .
/ '

-10 "
/ k
20

/ )
-30
40 ;

/ /
-50 ’
/ ’
-60 v
70 / -
-80 4
-90 .
/

-100

Temperature[°C]

-

Vertical Depth at x=0[mm]

Fig. 8 Vertical temperature distribution at planting position
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Fig. 9 Vertical temperature distribution at planting position
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Table. 2 Accumulated temperature and harvest weight

Actual measurement period:Dec 18~Jan 24 Cumulative air temperature 367.6° Cday
PBL | PTU
Accumulated Temperature
[°*Cday] 600.1|571.0
Harvest Weight
[¢/share] 526 | 489
e—TUX PTU == =XXX

26 28 30 32 34 36 38 40

0 T T T T
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Temperature[ C]

Fig. 11 Vertical temperature distribution at planting position
Mean temperature around the root:TUX 32.5°C PTX 32.5°C XXX 34.8C
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Research on Actual State of Microbiome in University Facilities
(Part 2) Survey on Microbiome in Toilet, Elevator and Laboratory
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Takuya FUKUGANO*'  Toshio YAMANAKA*'  Tomohiro KOBAYASHI*' Narae CHOI *'

*! Osaka University

In facilities where many people gather, such as schools, hospitals and public facilities, air infection and contact infection are

problematic. In this research, by analyzing microbiomes existing in the air and the surfaces of fittings in the building space at the

DNA level, we will clarify the characteristics of the bacteria in the building space and their propagation pathways. In this report, we

report the results of investigation of microbiome in the toilet, elevator, and laboratory in a certain building in Osaka University in both

summer and winter.
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Table.1 Equipment used by each measurement

temperature, relative humidity, CO,concentration

thermo-hygrometer (T&D RTR-53A , T&D RTR-576)

floating bacteria

air pump (Shibata Science LTD. MP-2500N II) , PTFE 0.3 Filter

adhered bacteria

measuring equipment swab

Fig.1 8th floor plan & measurement points

winter measurement summer measurement

standing time
(7 days)

standing time
(7 days)

8F men’s toilet [HCIO spraying]

standing time
(7 days)

standing time
(7 days)

8F men’s toilet

standing time
(7 days)

standing time
(7 days)

elevator

. alcohol disinfection standing time

laborato;
Y (@ i)

. sampling

Fig.2 Measurement schedule
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Fig.3 The number of lead (the number of bacteria) of each sample
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Table.2 Average temperature, humidity and CO, concentration

8F toilet TF toilet elevator laboratory

winter winter winter winter
temperature (°C) | 15.8 31.2 15.1 158 | 32.0 27.0
average | humidity (%RH) 37.3 59.0 35.2 29.0 54.4 65.3
C02 (ppm) 521 391 485 x X 745
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Fig.4 The number of lead (the number of bacteria) of each sample
in summer
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Fig.8 Ratio of Acinetobacter of each sample in winter and summer
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Study on Aquifer Thermal Storage System for Space Cooling and Heating
(Part4)-Investigation of operation method to balance heat storage and flow rate during summer
and winter-
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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. In order to continuously operate the aquifer storage

system, it is important to keep the heat storage amount and accumulated water flow rate to the aquifer in
equilibrium in summer and winter. In this research, by utilizing the dimensionless temperature, we established a
method to decide the control method of the following year that can improve the equilibrium state from the

operation record of the previous year.
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Table 1 Initial condition of aquifer cylindrical model

Figure 4 Heating + coldwater

Parameters Unit Input value
Initial ground temperature [°C] 18.1
Calculation range [m] 200
CGommon Porosity [-1 0.35
Approximate dispersion length [m] 0.1
Thickness [m] 9
Aquifer Specific heat [J/keK] 3180
Thermal conductivity [W/mK] 35
Impermeable layer Thickness [m] 4
Thermal conductivity [W/mK] 1.28
water Specific heat [J/keK] 4180
Thermal conductivity [W/mK] 0.59
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Figure 1 Cooling load in Summer
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Figure 2 Heating Load in Winter
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Table 2 Initial condition of FEFLOW

Parameters Unit Input value
Initial groundwater level [m] -1.6
Initial ground temperature [°c] 18.1
Groundwater flow velocity | [m/year] 0
Dispersion length [m] 1
Porosity [-] 0.3
Table 3 Ground model
. P Permeability Thermal specific
Depth[ml) Layer thickness{m] | Classification coefficient[m/s] | conductivity[W/mK] | heat[J/kgK]
0
485 Clay layer 10x10° 1.28 3060
-485
9 Aquifer 50107 35 3182
-575
15 Clay layer 1.0x107° 1.28 3060
-725
—60 thousand tons 100 thousand tons —13degC --23degC 6degC
13 150 thousand tons 1.2
14— 1
08 - 08
206 < 206
04 04
02 0.2
0 0

0 50 100 ) i
Days 0 50 pays 100

Figure 7 Relation between accumulated flow rate and return
water temperature and T,

O Summer heat source water use O Summer heat source water use

@ Cooling tower heat storage B Cooling tower heat storage
O Heating + cold water storage

2000 2 Heating + cold water storage
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Figure 8 Annual thermal storage and integrated flow rate
Table 4 Basic operating condition

Operation pattern Control method
- T Hot well 18°C—cold well13°C
+
eating + cold water storage At =5C
Driving at less than 8°C of
Cooling tower heat storage outdoor air wet bulb
temperature

Summer heat source water use Coldwell 13°C—Hotwell 23°C
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n Demand,, n
ATwell,w = (Demandw - W)/(CPWQWEH,W) (1)
w

n Demand n
ATwell,s = (Demands + W)/(CPWQWEH,S) (2)
s
r_ (Tp - TO) (3)
P (Ti—Ty)
1oTy T,
ﬁ =_) pk "0 4)
N = Tix —To
Tp,hat = Tp’(Ti,hat - TO) + TO (5)
TlTlcold = Iphot — AT yerrw (6)
Tycota = Tp’(Tl,cold — To)+To )
TlTlhot =Tpcoia t ATyeu s (8)

AT,,0;;: Refrigerated pumping water temperature difference (“C),
Demand:Accumulated period Demand (kW),COP: Average
COP,cp,,: Specific heat of water (J/g * K),Q,,1;: Accumulated
period injection water flow rate (t),T;,": Dimensionless pumping
water temperature,T;: Injection temperature (°C),T,: Initial
ground temperature (°C), T,,: Pumping temperature (°C),P: Heat
source equipment power consumption (KW),T; yor1as¢: INjection
temperature in last summer ("C),T—LE: The average temperature
during storage of the cooling tower (*C)

Subscript i :injection, p : pumping,w : winter, s : summer, cold :
cold well, hot : hot well ~ Superscript n:next year

Operation results of the previous year : T; j,:,COP,,,, COP;

Confirm unbalance from accumulated flow rate in winter and summer
—

Determine winter accumulated flow rate of the following year:Q‘:',E”,W

summer accumulated flow rate of the following year:Q,f,e” s

~@—-input

Water injection and pumping temperature difference during winter

AT = (D d— Demand n
wellw— ( eman COP )/(CPWQWE[LW)
w

Water injection and pumping temperature difference during summer

Demand .
TPS)/(CPWnglLs)

AT yen,s= (Demand +

From fig7 ﬁ=0_7
Winter

Calculate average pumped water temperature of high-temperature well\
Tp,hot=Tp’(Ti,hot - T0)+TO
_—
Calculate water injection temperature to low temperature well
T n
Tp,hat - ATwell,w = Ti,cold /
Summer

Calculate average pumped water temperature of low temperature well \
Tp,cold = Tp’(Ti,cold —To)+Ty

_—
Calculate water injection temperature to high temperature well

T n
Tp,mld + ATwell,s = Ti,hnt

—-output
Operation of the following year

Water injection temperature to low temperature weII:Tl-"mld

Water injection temperature to high temperature well: T/},

Figure 9 Procedure of prediction method
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Study on Task Ambient Air Conditioning System Using “Cool Warm Sofa”
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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”.
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F—T— N FAREAEKEBF T (Sewage reclaimed water heat recycle), T~ KL AR A (Demand

Response) . JK#&#h (ice thermal storage system)., UF A1 (ultrafiltration membrane)
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