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Does the air-conditioning need patience to a worker in a room in summer?

Oo# # ® A
Yasuto NAKAMURA

Synopsis: Air-conditioned office room temperature in summer has been kept suitable for a worker from the physiological view point.

Recently the temperature is set to higher value 28 degree centigrade from the view point of the global energy conservation. At first,

the paper discussed energy conservation by taking clothing, Cool Biz. But it could not answer the subject. In such a case patience

was needed to the worker. The next, adaptation to heat in summer was studied. The term of heat adaptation was separated to five

intervals. Among the number three and four intervals patience of the worker disappeared.

[ZL&HIZ
HARTIIE DA 7 ¢ ADZEREIREIZ 28CHHELE S
TI0FLL DR L TWNDDS, WETEIZEDFEBU -5
TR, WEE (20144F) 6 AT S 250N - firE T
FRNOEBEAT 4 ADBREICET AIREN RSN Z
ATH %, 2005 FFICEA ) DR 28 COFEHUZ M T
—ILEZPHEE SN, B L TETCQNDE, 2O
F—HPRE LRV, SR T, 2SR 28°Clakig s
FRNDBND, W) DRKEFOEEZD LS5 Thd, £Z7T
A ClINHEIRE 28 CA R 571k, 720 T HZEicEk
BBV, ITONWTEZ THE I,
BRNZIE, XU DT —L B ROV TREGHPE DR
AL L, RICFBRIZEE S CEBE S OB AT Ly
FERA TR IRIBOMENEZ G U5,

1. J—ILEXDEBOFHE

FENGHEORT LOGRERE  (Room Temperature) (% 28°C
ThHHMN, ZNETHO DI T OEREL 22°C~
26CHRE T, IR IEZ & > T,

7 — Ve REHERT 5 E MO (Comfort
Temperature) 32T 275, 155N D PREIRETAM T E
B LORREIRE 28°Clsit S b oy, NEETH S, 7
—NVEREFH LT L EOFIEIL, BV aEIRE 28CL
BOIIZPEERE & DETREND, TOEDPKEWVIE
FIBIIK, /NEWFEENTH D,

1.1 KERDBEEEXERER

FENOWEORERE (Room Temperature) 73— EARET
HAEKENEDIUT N PERE (Comfort Temperature)
HEDD, LIz > CERBDOZED clo ANEEIEE D7D
fi'C (EL<IZK) TS TH0EMONENGHD, £
THT, AKEDEJIRT A PR O FFOEE %R
FEERIRIBEE E PR L C R THE L TEL, RIFEREESAF08
Bt DY - 178 E NKAIO ST K> T—E LRV WS,
BINRERIDNZ LWDT, RO L DI TBEOFERBIN G55

113

B, fhH L7,

Humphreys ! (%, B/ 7GR, Brp 7o 5K EITxH
DRk A 23 A e, A EiE 0.1mds & 1.0m/s O
WA LT, Bl R, fehlc e —7REE L -
T, BREENRTA—H—CHBERTESIND Z L EoR
L7o, NI (RE) IRREOMGHEI IR 5%
Kl 7a—7IREOMGRE A5 &, 0.1clo (28 LT 0.55K
EHAIND Z N TE T, IROBIRTH D,

R=0.55K/0.1 clo 1)

Olesen 52 %, e, AR, FUH, SRS Tl
BELDZE #ZNETN2BY T oK%, Grf 16180 O
HEIOETIREAT o7, FEFRE LT DIV D
REgHE, B 0.1m/s LU, SR & TSRS L e
FE LT A OMAB IOV T, BAR 0.1clo D& X
DKL OVERIREE OPEIREE & | 0.6clo DZEILD & A%
SHHZEITEH-T, KR L TE, ERREICR LT
D2 Y DEMREAST-A, Z 2 CIEmiE 2 L TROE
2% -,

R=054K/0.1clo @)

Gagge ©° OEENT, # L < $2E L7- SET*DOBHRX % &
(2, BACE &R O L OBSRE KD H & SET*D
ASHRAE HELHE (ST.55-74) 73 222°C~25.6°CTHDH Z L
O, EGH 0.1~0.15m/s, FEXHIEEE 40~60%I 25T 5 HD &
LT,

R=0.63K/0.1clo 3)
DIz,
U E=FZE LT, KARDIBEEAE IR R 1%
R=0.57K/0.1clo “
LEHNEY,

1.2 99— ILEXEBERDHZIE

HEOHREREIEEE > TNDHODT, EDfET
BEA DN L o TRERDER > TS 523, Aim ClEIHRR
TEREEOFHIENE & TR SBRFUTIEV 26'CIZER LT,
DL EDEMIMROFBIRT, BEOT vy Mel,



RITBATR L, Ty H—% Y OfAEDE, HDHVIEHE
EDHO, EARTIV, BAEIL0.7clo D3%HT 5,

7 —IVEREFRTDH L7 v —EIEET 5, Lo L Oclo
IR TH D05, HREDIERRIITRADH 0 . FRAYE
135~ T0.5clo THA D, BRI, HBIROERY Tl
0.37clo & V=73, ORISR Tk cidE X
T, FHEETLES 720,

BACEDY 0.7clo 75 0.5clo \ KIS 5 & JelciS7-4AIRD
TR AIEER R 2V CRE EFIX LK IZ72 5006, ot
DHHUE26.0°CITINZ D EPEEIRFENL 27.1°Cl2/2 D, HRkiE
TR LSO RS & O T 09K ThHhD, 01T 5
720N, 7B XEMTIENA S LT 211 CE TIERT
ETH, HEOIK ORI TEAR Y, T OZTHFEH T
BEFIXEIFZLITRD, EEZDND,

7 =N ERXEHER LRI, FHEERE DAL 2K
DEETHDLIND, FIEBORREIIREV, 7—/LE XL,

HTRRTEIRE 28°CE IR 2 DICTIR A 59D DRNRNH D8,

HEE72 T EETIITE R, EWIHFERTHD,
2. EEEICDORRE
AN IBREE T D & WO LTSRS BN 4
HRHY . ANHHFRETH D, IMEEOZCITHHE LT
B XFEIDEL L, MEDSEIST S Z L2 L - TR L
~OMitEZ D, FEFEECH 535,
BOZ S ~Oit B2 ERVELE Hvv)) T
DR TENRE DB ERA BRI 208, BB IHE
BRI SO T b, A7z I Z Ly, 0
IRICER D OBEEISOWFIER (325 ROFIE & BHR
DXRNDT, FRIBOBLIIETE > CRENE SO AT
T 5,

2.1 Z2RFEEOREDAE

BN T ORFEHIRBR ThH DD, TARIZIEAH
HI Tl 0 =T A TIOMERNR L URE A 2 T B,
L2 D, MR L Tl B E 8N 256135 Tl
<, EEBSTHD, 0 LOER BB TR, &~
KA TH D, LWV o THRERIEWNIIZET X AT
<\ PITHHERAO7Z2 A B S 2 NI L DB IR,
EWIHERE LS TND, THEIIIIEES CIFEOBL
GTHA M, WERO THWBL IR Th /2 EiEb
na,

ZDOIFMNTH BIIZIR D £ 512, AFRICI3Ek/en -7
%Lvﬁ&%&%btouT@@Df%a
(1) RO & TR

—H (0044) D6 ANS 10 H £ TORER, #E 1 A
BH12 20 FEFThH o7z, TR ZFE L VO BHIFEICL
T=DIL, ORI BBBISOIAbDIERINE EN TS &
BTN THD, ZOEEIIRRT D L2128 Lz,

FERITFR ., 14:30~16:30 DRI A TAEE T 177,
(2) FEBRNE

WL BE— & LTz, FEERERE—TIEARV s, SRR
Sl A D 7= OIIEA— & LIZIE D 28, FESRE )R
WZERIND B R T2, PREENIZNE O DIV, TR
IS HDDTRFEOHTFHES N L,
() FBROBRBISAT

BAID 1 RFIEE < 2L b7V SR (25°C.50%RH)
VWZHFE L, RO 30 23132 d 0 SK v aER=E (30°C., 50%
RH) |[ZBE) L7~ ST +5K OBERTANTT-Z L1
725, i BRE(CE,, 20 50 HD 10 00T — 2 255471
WAER L7zl 2ind 0 B THELS THRNET Th 5
ZEAEHERNCMR L QD ElZ koD, i, fifT
(AR & R L OF — X OEE R L0k, T—4
u@ALt>%ﬂm&w/4x®%&%ﬁﬁtbf%é
@) EEMARIRZJIET 5 HNiRE Hh—

P —=IRZ TSR 2 Z L I2 K> THIED
SfRReE T, RO ST T,

2.2 SEERIER MR
Fig 1 1% Schedule of experiment Cd» %, #RF 13 14:30 IZ A
SO A GEER) (ITAD | 5o 30 Tl AR
\%E%_%ﬁz\t/ﬁ~®ﬁwﬁﬁ%ﬁﬁoEﬁ#
HEOFUTRE B> T, IEZBIIGT 2, TR
SRBALED T DI G AAT 9, 1530 I A D
B= G ~WELENS, Brh—a%inent )
WCHER L2 oBEN L, R r2Es, ARRET 1 BN
Ol EERCEE, DEHE ISR SR LTS D
CATEE LD Fogk LT,

V @ss

! YVVVVVYVVVVVVI

Az 1 1 ! 1

e 1 2 £

1 1

: ﬁ%;g | e : :ﬁéﬁ.ﬁ

| . . |

: I \: H H H :

. [ErTy cSO%)V , | DEGUENC) |<E
_é 1 5; ;;;;;
14:30 1500 1530 16:00

Fig.1 Schedule of experiment

(1) ABLUSORER L fighr

ASREDORETR R I35, HAIE, PAIRUER (7 50F
¥) Thn, BEGE SO R DITHTRT
&H-7-, Fig2 |Z Dataof sweat rate by subject A #7397, —&
TRTOT—FThd, WETHEEOE, BHEOH
20 1T, ZhbOT—2 2 K ([ X DR
AP DFEIRIIAE S TOMTaAT 2. 70bh, FHIMOR
JMTIEZDORINEG V) | [HR ARG & HHGE 2 BN
ThY, TNTIURONEE H->TN 5D,



N
3

SERCC),

10014KL —— 1014

e wa e w e e
Fig2 Data of sweat rate by subject A

RRAREGES © 1 H 4~6 OB AGEE N S LA T
ST OhEE 2 FEERED FERFRED
REMNIRBEN L TRITRRITEZ Y,
GRS O ZHEEAME T L CTRIED |

AR 5N D,
BRI | R BRI D DAL T

DIEE B TR D HEEFIRE DS R
PN TR O B = < 72
D, TP LI TRTCE B )
IRETBERDHHITE D,

PG IUR, IRAIBENEIS CIIFETH32 < AEMRIANEAS
fRNZ & B NS CIRAER AR & < FT VD 7e
W2l PRRTH D,

Z ORI TF —# Z iR 95728, Fig.3 Transition
of sweat rate by subject A Z1ERk L7z, FEfliISROA H 23
BRIRICIE 7= b D, M IFTRAHES 7 7 cR L, HX
FNA T —/V Tt it s, FETEOMIL, FRERED 10
o] & BHESR AL O 10 L DR, S5IC—HEHHT
WU TR Lz, BREHO RV RSN T 0 OfECh 5, &
EOTDOIZFHRHA HOPHIKIEZ BT, ARz A
T, BT TR LT, A —LChite,

HEREA CoO TR —a— AFEHRE —A— BEERER
03 -
E
/./\ 5 02 <
0 ‘\Y/ﬁ—/ _—a A — oS
|| [N 0
0 018
o) @ ) @~ |
o 25
0 03 #
O I R 7 I 9/9  9/23  10/27

Fig3 Transition of sweat rate by subject A
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Figure.1 Building facade and introduction technology
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Figure.2 heating and cooling equipments among buildings
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HRBERDODBFESIECE T HETE & EEEE
Plan and Performance Evaluation on refurbishment of heat source system
in Research and Development Facility

O btz (R&fh) e i ORs)
A ORAHD) S ERE OR&EL)

Natsuki NOGAMI**  Mitsuru NISHIYAMA*!  Masao HIROSHIMA*!  Tatsuya KISHIMURA*!
"1 Taikisha Ltd.

This Research and Development Facility has been completed as a public technical research center in December in 1995.
The heat source system was renewed aiming at improvement of the energy saving performance and an operation. This

paper describes the contents and the result of the performance verification performed in design and operation step.

1. [ZCHIC 2. BEYHEIQENEH
AWFFERT TRBRIFSEEESEEAE G IFTERT ) 13 21 bk~ AEERIE, JE~IRIREK 21, 448m®, HUF 1S, Hi k5

AT COFHAT ORI 27 &, LV B MEEECC, BEEOBIREII KR 2T b & 7 AR
T2 NI DHEAAGEIT & U TR 7 4E 12 AR T L7 % RBTEAME TR ST D, BFRRESE NI T
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T YW OMERERERE S OV PR EDBLE DD, SRk 25 4F 1) A=V —PERER JOBREMERE - AR B4

11 ADBERL26 4210 H o 1 AR CARBIRYERE TH & L FHRE Uit &35,

CHTN SRR iR 2 s L= 2)  ERERONBUKER L OHREHE 25D b
ABFFEITE, AFEPR - 55 1~55 6 B - HrEdiBase — XN ax NOREERS LD LT 5.

B - DM SRR SN TS, AFTIEL, SdETHEE 3) BT OERRIER L OMERFEENES L 70D

AL IR - B En S VT AR RO BF S 7 m VAT LET .

OREZE &R 26 457 A 75k 27 4 1 A OiE SRS 3. HUEEHEIDHIE

DONTHETS. SlEHI OB O & 7 1 —3— k% Figure.l

L Table.l [ZR” 9.

o | s8%e58 [
RB-001/002 I “T G0y S RB-001/002 N |
= ™"

RR-004/005 HE-004/005
ORI X 2 I
a) Before b) After
Figure.1 Diagram of heat source
Table.1 Machine List
a) Before b) After
Cooling | COP |Heating| COP 5 Cooling | COP | Heating| COP |
No Name Q ty No Name Q ty
[kW] [-] [kW] [-] (kW] [-] (kW] [-]
RB-001/002 |Gas Absorption Chiller 1,055 | 1.09 1,177 | 0.86 2 Gas Absorption Chiller
—_— RB-001/002 879 | 1.32 636 | 0.88 2
RB-003  |Heater 176 10.93 247 10.85 1 Heater
RR-004/005 |Brine Chiller Unit 186 | 2.51 — — 2 Module type Water—cooled
RR-003 ) 340 | 4.90 - - 1
HE-004/005 |Water-water Heat Exchanger 140 — — —| 2 Chiller
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Research on the effect of adopting ground source energy by utilizing underground pit for
logistics warehouse
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Youichi KOBAYASHI|*!

*1 YASUI ARCHITECTS & ENGINEERS,INC.

Recently, lots of facilities have attempted to utilize kinds of energy-saving techniques as much as possible in order to

protect the global environment. In this paper, three typical logistics warehouse were selected among nearly one hundred

logistics center in Japan which mainly adopt the underground pit space to include the cool-tube ventilation system. We

have measured the exit and outside temperature of the pit space for these three logistics warehouse and conducted the

relevant data analysis. Finally, the influence of cool-tube ventilation system and its contribution to the enterprise interest

was discussed.
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Figure4 Plan of pit space in Ichihara city
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Figure 8 Comparison of the inside and outside temperature for the pit
space (Ichihara 2012/9/7~9/21)
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Figure9 Comparison of the inside and outside temperature for the pit
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Figure 10 Comparison of the inside and outside temperature for the
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Figure 11  Comparison of the inside and outside temperature for the
pit space (Hiroshima 2014/7/1~9/21)

Table 3 Absorbed energy for different cities
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~9/21

Table 4 The influence of pit space on electricity-consuming

HIE HIRE HIRE
LT IR B R ET AN EITEM
() (loh) Fm)
T e VR =T I 1, 257 183
~8/30
OUEA0 s | 51 571 112
| ~o
:F% 2012/9/7~
5AM | 4.0 166 84
9/21
el T N 1,200 94
9/21
g | 2 | g am 3.7 1,286 95
9/21
W es 3.9 1, 000 9%
9/21
ST L Q0P (X 3. 5, FBHARMIE 1. 7 TH /kwe B, TEREMIT 15 FH/kwh &
LCHE,

TR ICBWTC, 7 — N F a—THRITKREGLTH -
72N o7,




|

[

=

P2

Kyohei ICHITANT*!
Naoki TAKAHASHI*?

ALK F Rttt 2 4G 0 X T L DA REAREE -
5 15 #) ERBIRE 10 FROERY EH

Study on Performance Verification and Evaluation of District Heating and Cooling System

Using Thermal Energy of River Water
Report 15: Efforts of 10 years after Starting Operation
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The DHC system in the block 3 in Nakanoshima district uses heat pumps and river water to achieve the efficient use of the
heat source and mitigate the heat island effect. This report outlines overview of the DHC system, its operational results, and
heat source performance records for consecutive 10 years since the operation was launched.
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v 1st stage started operation

v 2nd stage started operation

1st year 2nd year 3rd year 4th year 5th year 6th year Tth year 8th year Sth year 10th year
Year
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Phase-1 Phase-2 Phase-3
Performance verification
and:evaluation phase Initia) performance verkication Early performance verification and evaluation Late performance verification and evaluation
and evaluation
» Mild winter Hot summer Requested electricity saving Electricity-saving target
opics

VThe Great East Japan Earthquake]

v 3rd stage started operation

Supply status

V Started operation for Officel in 2

005/1

V Started operation for Station in 2008/10

V Started operation for Office2 in 2009/4

substations

Performance verification
framework

Initial performance verification and
evaluation meeting

Continual performance veriffication
and evaluation meeting

Performance verification of 2nd
stage system

<----TEIEET o >t

V Installed additional started operation for Hotel in 2014/1
| v

V Started operation for Office3 in
2013/8

meeting

T
Continual perforrnance verification and evaluation

Verification of

saving effect
€ SNIETES

Performance verification of 3rd

L L
e ___stagesysem

Verification and evaluation
items

*Performance verification of heat
isource system

-Performance verification of
conveyance system
=Verification of effectiveness of
using river water

*Verification of effectiveness of
leveling load

Initial performance evaluation
(first COP)

«Created system simulator

+Considered operation
improvement

«3-year performance evaluation

«Performance verification of 2nd
stage system

+Considered heat source
operation map

*6-year performance
evaluation

*Reviewed power-saving methods
and effect

performance

system

+Evaluated secular changes of heat source

«Evaluated secular changes of river water utilization

+Performance verification of 3rd
stage system

+10-year performance
evaluation

Efforts on demand side
and plant side

+Optimized thermal storage in the building

+Optimized thermal storage in the
building

+Considered supply
temperature mitigation

*The ratio of cool wat
ncreased due to incr

«Adjusted bypass flow

er follow-up cooling operation was
eased cooling load in surmmer

sIncreased TR operation

+Power-saving operation

T
*Prioritized IHP cool water heat recovery operation

«Adapted IHP (Enabled separated
operation)

*The ratio of cool water heat recovery operation was
increased due to decreased heating load in winter
l

+Optimized IHP and SR operation

Cooling
Effortson
plantside Heating
Others

+Adjusted plant ventil

ating fan

*Secured temperature differel
1

nce of river water

*Reviewed temperature difference

of river water
1
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Dojima river

<Legend>
[] 1iststage (Started in 2005/01)

1 —

Pl ———————— R —

Officel : 106,000m? \
|:| 2nd stage (Started in 2009/02) \

Office2 : 79,000 m? \
DHC \

Station : 4,000 m? \
Sub-plant |
[ ] 3rdstage (Started in 2013/04) (3rd stage)

Office3 : 48,000 m?
Hotel : 13,000 m?

Total  : 250,000 m?

==> Hot water distribution pipes
Cool water distribution pipes
= River Water intake and discharge pipes

L __1 Supply planning area (3.0ha)

Figure.1 Heat supply area (From 1st to 3rd stage)
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Station

il nii—
Office3

Parking 1‘(3rd stage)

l Office2
DHCplant [
(1st, 2nd
Stage)

(2nd stage)

| Hotel 4
(3rd Stage)

Heat exchangers Plantin square )

=

st tage) = AN L Neam
Cooling Heating Number ! A
HP - 838MlI/h 1 Dojima river . ! Tosabori river
Cool water : 3,080MJ/h | Cool water heat recovery : 3,606MJ/h 8Unit ! = Change ofcool E 3rd s
HP | e Storage : 1,936MJ/h | Ice storage heat recovery : 2,448Mi/h (16) % ,_l ! E ::‘C‘ anm waler '
TR1 5,063MJ/h - 1 £ = : N '
o : |
| Storage capacity | Number | | (TN ‘I’ _‘~_ s M e e - i
[ IST1 | Dynamictype  139,440MJ 870m3 [ 5 i | I )
2nd Stage] s [ 5 . |
= - 5 i hange of cool !
Cooling Heating Number ] | 2 | | changectcoo! el mrE | o]
SR1 Cool water : 5,062MJ/h 4187Mi/h 1 3 1 water mode I I !
Ice Storage : 4,404Mi/h 4 g WS EELSLE !
Cool water : 8,640MJ/h E ]
SR2 Ice Storage : 8,478MJ/h 13,860MI/h ! H :
TR2 7,595Mi/h - 1 : 1ST2 E
| | Storage capacity | Number | E Heal exchangers E
[ IST2 | Statictype  78,230MJ 545m3 | 8unit_| ! N i
[3rd Stage] ' -Substauon ;
[ Cooling [ Heating [ Number | : Cooling water TR !
[ R31R32 | 8,561MJ/h | 8,910MJ/h [ 2 E Floai S°“'fe|j' oo
Cooling Heating Number : waertan IST1 '
HWR41-HWR42 - 464Mi/h 2 | AP | 5
HSR43 - 184MJ/h 1 g | |
HSR44 113Mi/h 184MI/h 1 = | ;
TR : Water Cooling Turbo Chiller V| | [Coolwater i
IHP : Water Source Screw Heat Pump (Ice storage and heat recovery) s 5 :I
IST: Ice storage tank ‘
SR : Water Source Screw Heat Pump (Ice storage and change of cool and warm water mode) : |
HP : Water Source Screw Heat Pump (Heating) 3 i [Hot watei]
R : Water Source Screw Heat Pump(change of cool and warm water mode) ° R .
HWR : Scroll Heat Pump (high temp.) = !
HSR : Scroll Heat Pump (High temp. or high temp. and heat recovery) | [Fiahemp. wate)
[Facilities using river water] i i - ST T o ST R

Intake : Dojima river
Discharge : Tosabori river

Summer : 1.204m3/s Winter : 0.808m3/s
Summer : 5 C Winter : -3° C
100%

Water intake and discharge place

Quantity of water intake
Use difference of temperature
River water dependence rate

Figure.2

== Riverwater intake and discharge pipes
Cooling water

== Brine water

e \Narm water distribution pipes
Cool water distribution pipes

== Hot-water supply pipes

Total capacity

Cooling: 90,002MJM (7,059RT)
Heating: 65,553MJ/~ (18,190kW)
High temp: 1,296MJ/h  (360kW)

Heat supply system(From 1st to 3rd stage) 2013-)
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Figure.5 Amount of heat produced by the plant (per operation mode)
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Research on efficient heating system for a plastic greenhouse in winter
-An experimental study on the effect of heating and insulating the high-floored sand bed-
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Yoshiyuki Oohashi**  OsamuOKAMOTO** KazutakaMAEDA**

*! Osaka city University ** TORAY Construction Co., Ltd.

*3 Sigehirogumi Co., Ltd.  ** Green FARM Co., Ltd.

Recently it is known that high floored sand culture that can cultivate in easy work and high productivity. This study shows that the heat
and water balance of a plastic greenhouse by using measurement data. Examination of heating system for the high-floored sand bed has been
conducted by using a heating cable and a heat pipe. As a result, it is shown that hating and insulating sand bed can be earlier growth

condition than normal sand bed. Electricity consumption was reduced by thermal insulating.
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Table ]  Measurement item
Outdoors In plastic greenhouse Sand bed
Air temperature Air temperature .

L s Soil
Humidity Humidity P
Wind direction Wind speed of dp h
Wind speed Wall temperature L P

e .. direction
Short wave radiation Short wave radiation Soil heat flux
Long wave radiation Long wave radiation
118m

Trrigation tube |

[Thermocouple ]

K

Data logger
88 Actinometer

CR1000
H Temperature
L Humidity
Anemometers [\J@ T E
. H
H H
H

:

[ Thermocouple | ! e
: p
:

Figure 2 Sand bed
[Thermocouple |

2341

wy'ge

50mm

n | = | a| =
P o TS
Soil moisture sensor

m | | = | =
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Figure 4 Thermal balance in plastic greenhouse

Ry :Solar radiation outside(W/m?)
R’y :Solar radiation inside(W/m?)

¢Hc:sensible heat flux due to ground(W/m?)

¢ Hg:latent heat flux due to ground(W/m®)

¢ Hg heat transmission through ground(W/m®)

wH_: sensible heat flux due to wall(W/m?)

wHg: latent heat flux due to wall(W/m?)

wH,:combined heat flux due to wall(W/m?)

wHy:infiltrating ventilation of heat flux(W/m?)
wHyptransmission of heat flux(W/m?)

pH¢:sensible heat flux due to members(W/m?)

pHg:heat transmission through members(W/m?)

suHec: sensible heat flux due to surface of the sand bed(W/m?)
suHg: latent heat flux due to surface of the sand bed(W/m?)
puHs: heat transmission through surface of the sand bed(W/n’)
saHec: sensible heat flux due to bottom of the sand bed(W/m?)
paHg: latent heat flux due to bottom of the sand bed(W/m?)
paHs: heat transmission through bottom of the sand bed(W/m?)
T, :outside temperature(‘'C)  T;:inside temperature(°C)
Ts:ground temperature("C) Ty :wall temperature("C)
Tp:members temperature("C)

T;4:under the sand bed temperature("C)

Ty, :temperature of the surface of the sand bed("C)
Tgq:temperature of the bottom of the sand bed("C)

pAg:sand bed area(m’®) ;Ag:ground area(m®)

Ay :wall area(m?) Ag:roof area(m?) Ap:members area(m?)
W1, latent heat of transpiration in sand bed at n hour(kg/h)
W, :latent heat of flux due to infiltrating ventilation at n hour(kg/h)
W3, :the amount of dew at n hour (kg/h)

/W, :incremental of water vapor in plastic greenhouse from an hour
ago to n hour(/ W, =Wy — Win_1)
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Table 3 Detail of cases(Sectioned drawing of sand bed)
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Casel \
Normal sand bed
Case2
Thermal insulating
Case3
Heater cable Thermal insulating ‘—f
Thermal insulating
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Heater cable
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Table4  harvest days of each case (day)
Casel Case2 Case3 Case4 Case5
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Figure 9 The accumulated temperature until a harvest day
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Figure 10 The accumulated electricity consumption
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Performance Evaluation of the Thermal Storage Radiation Air Conditioning System from the Concrete
Slab that uses Underground Heat and Solar Heat Directly
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Hiroki TOBA*! Tomoyuki CHIKAMOTO*! Myonghyang LEE*!
Koki KANEKO*!  Yoichi KOBAYASHI*? Yoichi KOBAYASHI *3 Kentaro SEKINE*3
*1 Ritsumeikan University *? Yasui ARCHITECTS & ENGINEERS, INC.  *3 TAISEI Co. Ltd.

In order to reduce CO; emission from air conditioning, use of sustainable energy is necessary. Thermal storage
radiation air-conditioning system from the concrete slab that uses underground heat and solar heat directly
is a solution for CO; reduction. Performance evaluation for this system was done in summer and winter season for the

purpose of performance improvement and In order to spread this system to be introduced into many buildings.
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Verification of the Performance of the Water-type Ceiling Radiative

Air-conditioning System which can Select Heat Sources
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The performance of the radiative ceiling air-conditioning system, which can select the water for cooling, supply/return

water from/to heat sources and water which uses underground heat and solar heat, is verified in summer and winter by

measurement. The measurement was done using two rooms, one has radiative ceiling air-conditioning system, and the

other has normal convection type air-conditioning system.
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Construction of hybrid heat source water network system with hot spring heat
- (Partl) Estimates of the effect of system simulation based on a measurement investigation at hotels-
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In order to use the hot spring heat which is renewable energy, we consider hybrid heat source water network system with hot

spring heat that springhead energy and drain water energy are used at the community level of the hot spring town unit. To calculate

the introduction effect of system as a test, we build simulation models, simulate based on measurement survey result and compare

cost and energy amount of existing system and the heat source water network system. As a result, this study shows that primary

energy consumption is reduced 25~28GJ/day.
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Figure.1 Image figure of hybrid heat source water network system
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Table.1 Setting contents of the simulation

Item Hotel A,.C Hotel B Hotel D
Hot spring High High High
source TEMP. (42°C~) (42°C~) (42°C~)
Case Hot spring
1 source flow rate Large Large Large
Thermal Reference Reference Reference
demand valuex100% | valuex70% | valuex50%
Hot spring Low Low Low
source TEMP. (35°C) (35°C) (35°C)
Case Hot spring
) source flow rate Large Large Large
Thermal Reference Reference Reference
demand valuex100% | valuex70% | valuex50%
Hot spring High
source TEMP. 42°C~) ) i
Case Hot spring
3 source flow rate Large i i
Thermal Reference Reference Reference
demand valuex100% | valuex70% | valuex50%
Table.2 Main calculation condition (Hotel A)
Module Item
High temperature fluid entrance flow
HEX rate & temperature(Springhead)
High temperature fluid entrance flow
Measurement temperature(Drain water)
data Storage | Water supply temperature, Heat demand,
tank outside temperature
Pipe Ground temperature:13°C(Ave.)
Hot water supply temperature:65°C
HP Warm water flow rate:4.3L/s
Heat source water flow rate:5.8L/s
(Springhead)Heat source water flow
rate:2.0L/s
(Drain water)Heat source water flow
HEX | rate:1.0L/s
Coefficient of overall heat
transfer:1.0kW/m?K
Set value
Heating area:5.0m?
Pump | Flow rate, Lifting height, Shaft power
Pipe length:420m
Burial depth:500mm
Outside diameter:340mm
Pipe Inside diameter:300mm
Thermal conductivity:0.46 W/mK
Initial heat source water TEMP.:1.5°C
Heat source water flow rate:1.7x10°m%/s
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Figure.4 Calculation concept of system simulation

Table.3 Thermal transport property calculation of a pipe

Ou =05 + (0in —es)exp[— étcL}j E.
1 1] 1 1x-logD;/D;,)
I = rl_{aoDO o 2 T} Eq2
Nu=0.023R&"#p1*? Eq3
Nu= %Dy Eq4
M
Pr=- Eq.5 Re = 120 Eq.6
ay Vw
v=w Eq.7 ay, = dt Eq.8
Pw PwCw
Oout  : Exit TEMP.(degC) 0 :Entrance TEMP.(degC)
Bs  :Soil TEMP (degC) G :Flow rate (m/s)
KL  : Coefficient of overall heat transmission of the pipe (W/mK)
L :Length of the pipe(m) cw :Specific heat(J/kgK)
Do(Dn)  :Inside(Outside) diameter of the pipe (m)
a0 : Surface heat transfer rate among the pipe(W/m?K)
Api  :Thermal conductivity of the pipe(i)(W/mK)
Nu  :Nusselt number Re  :Reynolds number
Pr  :Prandtl number ay  :Thermal diffusivity(m?*/h)
Cw  : Volumetric specific heat (MJ/m’K)
Aw  :Thermal conductivity of water (W/mK)
v  : Kinematic coefficient of viscosity(m?%s)

u : Pipe flow velocity(m/s)
nw  : Coefficient of viscosity (Pa * s)
pw  :Water dencity(J/kgK)
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Development of Clean Water Preheating System Using Heat Exchange
with Waste Water from the Bathroom
-Estimation of Impact of the System by Experiment and Simulation-
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Our clean water preheating system has not been evaluated the whole system. Improving the heat recovery rate has been

remained an issue. This study has been experimented in drainage characteristics to improve the heat recovery rate and shows

some optimum conditions for Japanese style bathroom on the basis of the experimental data. Using simulation model of the

whole hot water supply system, the heat recovery rate and primary energy consumption are estimated.
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Table 1 Simulation conditions for a household

Value of KA* Bathing method Season
Casel-1 126(W/K) Bathtub bathing Winter
Casel-2 933(W/K) Bathtub bathing Winter
Casel-3 933(W/K) Bathtub bathing Interim
period
Casel-4 933(W/K) Bathtub bathing Summer
Casel-5 933(W/K) Shower in the evening Winter
and morning
Bathtub drainage
in the morning
Casel-6 933(W/K) Shower in the evening Winter
and morning
Bathtub drainage
in the morning(Control)

* K:heat transmission coefficient, A:means area of heat exchange

Table 2 Simulation conditions for multiple households

Value of KA* number of people Season
in 5 families
Case2-1 126(W/K) 4+4-3-2-2 Winter
Case2-2 933(W/K) 4-4 2-2 Winter
Case2-3 933(W/K) 4+4-3-2-2 Interim period
Case2-4 933(W/K) 44322 Summer
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Table 3 Expression of heat exchanger model

cwmw(Tb'Ta)=Qa+Qb (1)
Qu:Ah kw( Ta—Tw) o (3)

m,,= pWA Sw

¢,  :Specific heat capacity of wall material (J/kgK)
m,, :The mass of the wall(kg) Ay, :Heat transfer area (rm)
Ta  :Temperature of the drainage side (C)
Th  :Temperature of the water supply side (C)
O, :Drainage heat loss quantity (W)
O, :Clean water heat gain quantity (W)
pw :Density of wall material(kg/m)
k,  :Heat transfer coefficient (W/m K)
T, :Temperature of the wall("C)
Table 4 Expression of water heater model
O=(yQum)/ 1o (4 n=0/0, =+(5)
Q :Heat input into the medium (W)
y  :Part load ratio (-) 0Oy :Nominal power (W)

n  :Coefficients for efficiency curve (-)

ny :Efficiency at y=1 (-) Oy :Heat released by fuel (W)
m;  :Fuel mass flow rate (kg/s) &, :Fuel heating value (kg/J)
V;  :Fuel volume flow rate (m/s)
ps :Fuel mass density (kg/m)
Table 5 Expression of piping model
01=kyAdou AT, (8)  0:=hd4;, AT, =(9)
Osiorage=Cp(dT/dt) ~+(10)
0 :Heat loss of the piping (W)
k, :Heat transfer coefficient of the piping(W/mi K)
Ao :Outside surface area of the pipe(nt)
Ay :inside surface area of the pipe(ni)
AT, :Difference of piping temperature
and the pipe ambient temperature(K)
[0J} :Convective heat transfer amount of heat(W)
h :Convective heat transfer coefficient(W/m K)
AT, :Difference of piping temperature
and the pipe in the fluid(K)
Ostorage  :Thermal storage amount of piping(W)

C, :Heat capacity of the piping(J/kgK)
m, :Mass of the piping(kg)
dT/dt  :The time derivative of the pipe temperature(K/s)
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Study of the System for Accommodating Thermal Energy by Using Sewage Water Pipeline

(part 9)Feasibility study of the system in terms of energy-saving and economic efficiency
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In evaluation of economic efficiency in part7, a calculation considered only energy cost was performed. In this

study, we carried out a detail estimation including initial costs. Furthermore, we have run the system simulations of

hot water supply system including heat exchange between sewage water and heat source water for Osaka, Sendai and

Sapporo. The basic units for primary energy consumption and running costs are offered by using the obtained results

through the simulation. This study tries to conduct a simple feasibility study in terms of energy-saving and economic

efficiency in Osaka and Sendai city.
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Table 1 Overview of a method of calculating introduction effect

Evaluation items Evaluation indicator Calculation procedure

Energy-saving Primary energy consumption |Calculated by the system simulation

Energy cost [Calculated by the systemsimulation

The uniformly set at 30% of the heat
source machine as a secular costs
Calculated by stacking the price of
cach facility device

Calculated by Eq. 1

Running cost [\faintenance

cost

Economic efficiency
Initial cost

Simple payback period
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Hot Water
Operating at only . .
Building
(@) | Water source Gas boiler Hot Water
for backup

heat pump

NV [ =er
lM/V\/WV\/l

® heat source E
HEX water _ )
WA, Hot Water -

intake flow drainage flow Storage Tank J

Sewage Pipe Line

Fig. 1 Composition of Sewage heat utilization system

Table 2 Calculation condition

Items Values * Spec
o Residential , Business,
Heat load Building type
Hotel , Medical
conditions

Total floor space |Scale corresponds to S8kW

Thermal storage operation

System operating method (Operating for 20 hours per day )

Water source heat
pump (Sewage heat |58kW(Made of Z Co Ltd)"?
utilization system)
Main Ga; boiler 58kW(reference to the LCEM)
Heat (Conventional system)
source Air-source heat ,
facilitios pump 38kW(Made of Z Co Ltd)

(Conventional system)

It has 10% of the capacity for thd

back . main facilities. And it is not
Gas boiler .
up reflected in the energy
calculations.
Temp. Outlet 65(degC)
Hot water | Flow Primary side Changes depending on heat load

rate Secondary side |Changes depending on heat load

Circulated flow rate

2 \2)
of heat source water 132.6(L/min)

Intake sewage water flow 183.7(L/min)
Temperature of outside air Expanded AMeDAS data®
Temperature of hot water inlet Literature values ¥

Sapporo, Sendai City : Measured
Temperature of sewage value of sewage plant in each city
Osaka City : Measured value ¥

Heat transfer coefficient |1(kW/K)®

Thermal exchange area |19.3(m?)”)

Hex for sewage

700

‘ @ Osaka city [ Sapporo city [ Sendai city ‘
600

500 -

400 -

300 -

Reductions of primary energy(GJ/year)

vs. Air
source

vs.gas | vs. Air
source

vs. Air
source

Vvs. gas

source

Residenci 'facility‘ Bussi facility‘ Medical facility ‘ Hotel

Fig. 2 Per year primary energy reduction for conventional systems

[ ©Residencial facility @ Bussiness facility OHotel _@Medical facility |

nventional system(year)

Simple payback period for a co

Osaka city ‘ Sapporo city ‘ Sendai city

Fig. 3 Simple payback period for conventional systems
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Table 3 Overview of evaluation for feasibility study of the system

Step Evaluation indicator Criteria Mark
1 Thermal supply More than 1 ”Possible”
and demand balance Less than 1 "Impossible”
5 Reduction rate of per year More than 30% "Possible”
primary energy Less than 30% "Impossible”
Less than 5 year 0O
3 Simple payback period for a More than 5 years » AP
conventional system less than 10 year
More than 10 year "Impossible”

Oy | : B FHHEE FAREGR T > v L [MI/AE]

Cw | : BHELLEMI/M’K] (4.164[MJ/m’K])
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TAKREFIH > 27 L O] — R = L F —Hl R X
Eq. 4 & 0 1ERk L7z Hulaihl) - @ F& Bl - 5 SpIAE R —
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ERSDLECHEHHTS. /-, HMEERIELICO
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Procedure of Feasibility study for the system }—\

Step Feasibility study method

Extraction of sewage heat utilization
1 promising building
in terms of thermal supply

and demand balance

Evaluation criteria

thermal supply
and demand balance >1

If meeting
this criteria

step2. energy-saving
Reduction rate of primary

Extraction of sewage heat utilization energy > 30%

2.3 promising building
in terms of energy-saving and

q g step3. economic efficiency
economic efficiency

Simple payback period
< Syear

If meeting
both criteria

Extracted as a high sewage heat utilization
AN introduced potential building /
Fig. 4 Procedure of feasibility study for the system
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Eq.5

Table 4 Basic unit of per year primary energy consumption for each of regions, building types and systems

Basic unit of per year primary energy Residential facility Business facilities Hotel Medical facilities
consumption (GJ/year*m’) Osaka city | Sapporo city | Sendai city | Osaka city | Sapporo city| Sendai city | Osaka city | Sapporo city| Sendai city | Osaka city [Sapporo city| Sendai city
Sewage heat utilization system 0.086 0.119 0.105 0.007 0.010 0.009 0.246 0.329 0.296 0.233 0.308 0.274
Conventional system(Air-source) 0.134 0.185 0.137 0.011 0.016 0.011 0.362 0.486 0.401 0.345 0.453 0.366
Conventional system(Gas boiler) 0.141 0.191 0.164 0.012 0.015 0.013 0.397 0.433 0.425 0.361 0.431 0.410
Table 5 Basic unit of per year running cost for each of regions, building types and systems
Basic unit of per year running Residential facility Business facilities Hotel Medical facilities
cost(yen/ﬂi'mz) Osaka city | Sapporo city [ Sendai city | Osaka city |Sapporo city| Sendai city | Osaka city |Sapporo city| Sendai city | Osaka city |Sapporo city| Sendai city
Sewage heat utilization system 168.9 216.3 194.2 14.9 19.2 17.1 747.6 875.9 823.1 695.6 820.2 768.4
Conventional system(Air-source) 237.9 322.5 240.6 20.8 28.9 21.4 918.1 1134.8 966.0 868.9 1057.7 906.3
Conventional system(Gas boiler) 391.6 488.4 425.5 33.0 38.7 34.7 1105.0 1167.8 1120.4 1010.6 1125.3 1077.1
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Table 6 Feasibility study results for Sewage heat utilization system (Osaka city)

Building No 1 2 3 4 5 6 7 8 9 10
Processing area Ebie Ebie Ebie Ebie Ebie Tsumori Tsumori Tsumori Suminoe Suminoe
Building type Hotel Bussiness Bussiness Hotel Bussiness Medical Residencial Hotel Residencial | Commercial
Total floor space(m2) 85338 105,588 75,710 45,706 78,174 6,846 75,015 19,973 19,001 15,619
Average hot water demand per year(GJ/year) 28,578 972 697 15,306 720 2,293 9,420 6,689 2,386 1,504
Per year average sewage heat potential (GJ/year) 345,189 68,083 13,504 139474 135,088 83,845 15,869 60,705 218403 6,564
In terms of thermal supply
and demand balance thermal supply and demand balance (—) 12.1 70.0 19.4 9.1 187.6 36.6 1.7 9.1 915 44
Evaluation in terms of thermal supply and demand balance Possible Possible Possible Possible Possible Possible Possible Possible Possible Possible
VS Per year reduction rate of primary consumption (%) 32 17 17 32 17 31 57 32 57
gas Simple payback period for a conventional system(year) 33 279 39.8 4.3 39.3 10.5 34 5.9 5.9
ST\[;?;‘:Z;Z:‘;:;%Q boiler | Evaluation in terms of energy-saving and economic efficiency O Impossible | Impossible O Impossible | Impossible O A JAN
efficiency VS Per year reduction rate of primary consumption (%) 32 36 36 32 36 32 35 32 35
Air- Simple payback period for a conventional system(year) 6.9 29.4 41.9 8.9 41.3 19.1 11.0 12.4 19.0
source | Evaluation in terms of energy-saving and economic efficiency A Impossible | Impossible A Impossible | Impossible | Impossible | Impossible | Impossible
Table 7 Feasibility study results for Sewage heat utilization system (Sendai city)
Building No 1 2 3 4 5 6 7 3 9 10 11 12
Processing area South-Gamou|South-Gamou|South-Gamou|South-Ga South-G: G -G -Gamou|South-G: ith-Gamou|South-G: Gamou|
Building type Hotel Hotel Hotel Hotel Hotel Hotel Hotel Medical | C 1] C 1] C 1| C i
Total floor space(m2) 113,605 75,163 42,030 38,894 23,793 15,087 13,028 39,338 52,798 32,748 47.490 22,392
Average hot water demand per year(GJ/year) 38,044 25,171 14,075 13,025 7,968 5,052 4,363 13,174 5,083 3,153 4,572 2,156
Per year average sewage heat potential (Gl/year) 4,993 19,475 9,754 40,462 1275 2,115 8,483 1,730 12,642 1,118 21,270 1,492
In terms of thermal supply
and demand balance thermal supply and demand balance (—) 0.13 0.77 0.69 3.11 0.16 0.42 1.94 0.13 2.49 0.35 4.65 0.69
Evaluation in terms of thermal supply and demand balance | Impossible | Impossible | Impossible | Possible | Impossible | Impossible | Possible | Impossible | Possible | Impossible | Possible | Impossible
VS Per year reduction rate of primary consumption (%) 30.3 30
In terms of gas Simple payback period for a conventional system(year) 4.8 8.4
energy-saving | boiler | Evaluation in terms of energy-saving and economic efficiency O A
and economic . Per year reduction rate of primary consumption (%) 26.2 262
efficiency | VS ’:‘"' Simple payback period for a conventional system(year) 10.0 17.6
souree Evaluation in terms of energy-saving and economic efficiency Impossible Impossible
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Study on Daily Thermal Energy Storage utilizing Aquifer

(Part5)Heat storage performance of accumulating region made by

underground structures
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The use of Aquifer thermal storage systems for seasonal thermal storage has spread widely in north Europe. We focused
on the possibility of utilizing Aquifer for daily thermal storage use. This system can’t get enough heat storage performance
at Aquifer with high velocity. We aimed to expand opportunity of use this system. The purpose of this study is to estimate
heat storage performance of accumulating region made by underground structures. Through heat and moisture transfer
simulation studies, the thermal recovery rate of accumulating region rise up 24.6 point compared with open aquifer at 7"

cycle and reaches about 80%.
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Table. 1 Simulation condition

Heat storage Icycle : 8h Injection - 8h Pumping - 8h stop

Cycle [time] Total : 7cycle
Initial Injection
18.1 8.1
temperature [1C] temperature [1C]
Aquifer
3 Flow [L/min] 40
thickness [m]
Velocity [m/day] 1.3 Lx=15
Longitudinal Under ground Ly=50
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(Transverse) structure [m] Lz=21
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Study on Daily Thermal Energy Storage utilizing Aquifer
(Part 6) Simulational analysis of energy performance for

seasonal and daily aquifer thermal energy storage-
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Shigeaki NAKAJIMA*'  Shinpei YAMAMOTO*' Masatoshi NISHIOKA*'
Minako NABESHIMA*' Masaki NAKAO*' Yasuhisa NAKASO**

*! Osaka City University ** Kansai Electric Power Co. Inc.

In this report, we focused on the possibility of utilizing Aquifer for thermal energy storage use combined daily and
seasonal. The purpose of this study is to consider, as the next step in establishment for design method of Aquifer,
thermal energy storage(ATES) using the model combined a thermal energy storage system model and an air
conditioner model, coupled calculation of thermal storage system and an air conditioner is performed, and the
performance of ATES is evaluated. In the simulation, a maximum of 45% of electric-power-demand-load-peak cut

effect and 19% energy-saving effect were found compared with the existing system.
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Evaluation on behavior of T-N and T-P by using a linked hydrological and water quality model

in Lake Biwa
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*1 Osaka University

Since the 1980s, though water quality in Lake Biwa has been improved, the eutrophication caused by accumulated
internal load is still a problem. In this study, in order to develop a method to be able to simulate the behavior of nutrient, a
linked 3-dimensional hydrological model and water quality model developed and used to simulate phytoplankton,
zooplankton, nitrogen, phosphorus, dissolved oxygen and chemical oxygen demand in Lake Biwa ecosystem. Model was
run for the year 2007 and the behavior of T-N and T-P were evaluated. At the surface of the water, the result of T-P shows
a reasonable fit of the simulated values and the observed values, though for T-N, the simulated values are underestimated.

Meanwhile, the simulated values of T-P are overestimated under the depth of 10 meters.
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Parameter sensitivity analysis

for environmental dynamics of lead using OneBox Multimedia model
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One box multimedia model for lead to assess the environmental risk was developed, and applied to Lake Biwa - Yodo

River basin in Japan. The model could reasonably predict lead concentration in four media. Sensitivity analysis was

performed to understand which input parameters affected the output concentration of four media. Uncertainty analysis was

performed by Monte Carlo simulation to evaluate the influence on the concentrations due to variability of input parameters.

The results indicated that the most important parameter affecting the concentration was soil depth and the concentration

uncertainty had the wider range for the soil than any other media.
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Study on Heat Loss of Hot and Chilled Thermal Packet Transportation System

(Part 1) Experiment of Thermal Packet Transportation with Small-Scale Test Bed
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Hot and chilled thermal packet transportation system is suggested to enables interactive heat accommodation among

some buildings. On the other hand, heat losses that are peculiar to the system occur. In this paper, heat losses with the

system are examined in experiments with a small-scale test bed. As a result of the experiments, heat losses with the system

are classified and made trial calculations. It is shown that heat loss to heat capacity of the thermal storage tank is the most

in heat losses with the system.
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An Empirical Study of Heat Loss along Hot and Chilled

Water Pipelines in Thermal Packet Transportation

(Part 2) Comparison of Test Bed Experiment with Simulation
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In the previous report, heat losses in thermal packet transportation are examined with a small-scale test bed. In this paper,

we build a thermal packet transportation system simulation model and verify its accuracy by comparison with experiment.

The control system is examined in experiments with a small-scale test bed, and thermal packet is made in supply tank and

transport to demand tank. It is shown that this model can control the system and transport thermal packet from tank to tank.

Also, we can show increasing system efficiency if the system grow a full-scale.
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Figure.7 Temperature Response (2.5m)
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Figure.6 Thermal Packet Transportation System (Dymola)
Table.1 Physicality Value (Small-scale)

Pipe Insulation
material Copper AEROFLEX
diameter mm 114 -
thickness mm 0.65 33
Specific Heat kJ/kgK 0.379 0.0706
Density kg/m?* 8940 48
Thermal Condctivity W/mK 403 0.035
Table.2 Experiment Condition
Tin Teny T Pipe Length Qpacin
°C °C — m kdJ
6.85 20 05 50 4655
T—T,
T = —2 Equation.1
Ti - Tenv
T : Dimensionless Temperature )
T : Measured Temperature (0
Tin : Initial Packet Temperature (0
T.., :Ambient Temperature (©)
Qpac_in = (cP)wV (T — Teny) Equation.2
Qpac in : Packet Heat Quantity (kJ)
(cp)yw  : Specific Heat of Water (kJ/Km?)
% : Packet Volume (m?)
25
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S 15
e
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5
0
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Time(s)
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Figure.8 Temperature Response (47.5m)
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Table.3 Physicality Value (Full-scale)

Equation.3
Equation.4

full-scale | small-scale
Pipe Tank
material SUS Acrylic
diameter mm 84.9 - | -
thickness mm 42 0.05
Specific Heat kd/kgK 0.59 1.46
Density kg/m?* 7930 1200
Thermal Condctivity W/mK 16.7 - -
Volume m’ - 18 0.0070
Height m - 7 0.55
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Verification and Evaluation of Indoor Environment and Energy Performance in Urban Hospital
Part 3: Continuous Evaluation of Heating and Cooling System Performance and Verification of Ground

Source Heat Pump System Performance
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This study aims at the energy conservation of K hospital in Osaka, which is planned to reduce environmental load and
enrich the quality of cure environment. This paper shows the results of operating situation and performance of the heating
and cooling system after the completion of the building, and also reports results of optimum operation and operating situation

of ground source heat pump system in the summer.
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Tab.1 3 XU Fig.1 12, HREE T OB Y A k
B LOBEAM 2~ T, WIRAKHER S LT, Z8me —
R 7FZ7— (AHP) L#ip#Eie — R 7FT7—

(WHP), WKEHAZEE LTA o N—F R T a—F

— (SR) THEEkKESNhTW5, HiFEy NEFH LG
/K EEME (CH-T. 1,100m3) (2L v, AHP 3 X' WHP
DK BD DWNTIAKEEET 5,

FEARR 72 BB & LT, BEEmME T, SR & N—2R
B & U CiEfis LoD, AHP 23K EEEIR 21TV, HEX

W&V IBAKHEAT 5, AZEERE Cld, AHP 23 E/KERGE
#2517, HEX 12 L W IRKEEA1T S,

Table.1 List of heat source equipment

No. Cooling Heating | Unit
AHP-601 |Thermal storage 420 kW 308 kW Iset
Non-storage 447 kW 309 kW
AHP-602 |Thermal storage 837 kW 656 kW lset
Non-storage 893 kW 659 kW
SR-B101 520 kW - 1
WHP-B101 39 kW 45 kW 1
HEX-B101 408 kW 338 kW 1
HEX-B102 816 kW 675 kW 1
HEX-B103 1,300 kW | 1,300 kW 2
CH-T 1,100m’ 1

AHP: Air source heat pump chiller

SR: Water source screw chiller
WHP: Ground source heat pump chiller
HEX: Heat exchanger
CH-T: Chilled and hot Water tank

RF MR

l 2 g v/ AN
HEX-B103xa————
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[CHT (1,100m3) v I
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Figure.1 Heating and cooling system diagram
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Figure.6 Load factor and heat source COP(AHP-602 Cooling)
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Figure.8 Underground heat source system diagram

Table.2 Precondition of simulation

Flow rate Cooling Heating
Heat source water 145.3 L/'min 106.0 L/min
Borehole type 58.1 L/min 424 L/min
SMW type 8.7 L/min 6.4 L/min
Pile-foundation type 78.5 L/min 57.2 L/min
Cooling and heating water 96.5 L/min 96.5 L/min

Table.3 Operating pattern of simulation
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Figure.9 Simulation results about the optimum operation
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Table.4 Average temperature and flow rate of system

st 8th 13th 18th N
week | week | week | week period
Operating time h| 30 25 24 30] 493
Average [Cooling and heating Output T1 °C 6.9 7.9 8.0 8.6) 8.0
Temp. water Input T2 °C 13.0 13.2 13.2 13.9 13.2
Difference °C 6.1 5.3 5.3 5.3 5.2
Heat source water Input T3 C 25.6 28.1 29.0 29.4] 283
Output T4 °C 30.6 333 341 34.4 33.2
Difference °C 5.0 5.1 5.1 5.1 5.0
Heat Borehole  |Output T12 °C 25.9 27.9] 28.6 28.9] 28.0
exchanger Difference °C 4.4 5.1 5.2 5.2 5.0
SMW Output T14 °C 271 295 30.1 29.8) 294
Difference °C 29 3.1 3.2 3.5 3.1
Pile- Output T16 C 253 28.2 29.2 29.7} 283
foundation | Difference °C 4.9 4.7 4.5 4.1 4.5
Average [Cooling and heating water L/min 90.0 105.4 105.0 104.6| 103.3
flow rate |Heat source water L/min 143.4 139.9 143.6 143.5 140.6
Heat Borehole L/min| 41.0 41.2 41.2 40.6 41.2
exchanger |SMW L/min 7.4 7.0 7.3 7.3 7.0
Pile-foundation L/min 93.1 92.3 93.1 92.4] 92.5
Table.5 Average electric energy and COP
st 8th 13th 18th period
week week week week
Operating time h| 30 25 24 30 493
Product heat amount kWh| 1,147.3[ 971.0] 923.1| 1,153.418,520.8
Electric energ; kWh| 305.7[ 272.2] 266.1 332.5] 5,250.9
WHP kWh|  268.4 239.7 234.6 293.3f 4,608.4
Pumps kWh| 37.3 32.5 315 39.2f 6425
[PcH kWh 19.5 16.1 15.7 93] 2863
|PCD kWh| 17.8 16.4 15.8 29.9] 356.2
Power ratio of PCH&PCD % 12.2 11.9 11.8 11.8f 12.2
Heat pump chiller - 4.27 4.05 3.93 3.93] 4.02
Average COP 100.0%| 94.8%| 92.0%| 92.0%]
System 3.75 3.57 3.47 3.47 3.53
100.0%] 95.0%| 92.4%] 92.4%]
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Figure.10 Change of heat source water temperature and COP
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Verification and Evaluation of Indoor Environment and Energy Performance in Urban Hospital

Part 4: Water and Energy Consumption in the 1st Stage of Operation
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This study aims at the energy conservation of K hospital in Osaka, which is planned to reduce environmental load and
enrich the quality of cure environment. This paper shows the result of water and energy consumption of K hospital in the
1* stage of operation, using the actual operation data. Its energy was reduced by 26% from the conventional hospital

benchmark.
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Table.2 Division and Corresponding Floors
=N . Central _

1. Hﬁulmg Div. Ward Omp'atlem consulta- Su;?ply Manag_em Kitchen Comrmen
] ] E#@mg div. tion div. div. ent div. -use space
. Sickroom [Waiting room| Radiology | Pharmacy |Medical adm| Kitchen for Elevator
%%};&wg% Table.l @:ZT—\‘TO IH%I};’E k ﬁ%ﬁﬂﬁm T@%gﬁ e.g ICU Consultation | Operation | Disposal | Kitchen for inpatient| Mechanical

room| staff| room|
18F o
L 9-17F O O
Table.l Summary of Building 3F o) o)
7F (@) O
Location Osaka City 6F 0o o)
Site area Approx. 9,700m’ SF (e} e} O
Building footprint Approx. 4,400m’ 4F o o O o O
Total floor area Approx. 40,200m’ (Ist Stage: Approx. 33,750m?) g o o o
Stori 2 floors in under ground, 18 floors on the ground T; o o o
ories and 1 Penthouse o o o
- - - BIF O O O
Reinforced Concrete, partial Steel Construction
Structure . B2F e}
Seismically Isolated Structure Arca
Number of beds 400 beds ratio 42% 9% 20% 4% 1% 2% 12%
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Table.3 Water usage
L)
Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec. Total Average
Potable water 149.1 152.5 159.6 156.5 132.8 130.4 144.1 143.5 131.7 138.7 150.7 175.5 1,765.2 146.9
City Non-potable water 16.6 17.6 18.5 21.5 34.8 378 253 11.2 40.4 38.8 26.3 21.4 310.1 26.7
water Mi‘;eo'l‘j‘: "::‘):;f"' 8.1 68 110 1.0 6.1 113 297 318 99 46 110 11 1524 131
Subtotal 173.7 176.9 189.1 189.1 173.8 179.5 199.0 186.5 182.0 182.1 187.9 208.0 2,227.7 186.7
Recycled water 31.3 28.8 31.0 27.7 16.8 14.4 29.7 39.8 10.1 17.1 25.6 29.6 301.9 24.6
Total 205.1 205.7 220.1 216.8 190.6 193.9 228.8 226.4 192.0 199.2 2135 237.6 2,529.6 2113
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Experiment on horizontal falling-film heat exchanger using high viscosity falling-film
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It’s needed to maintain digestion tank 55°C in digestion process of digestive sludge. Digestive sludge has high viscosity,

so its property has been never cleared. In this study, we experiment using water and two viscosity alginic acid Na, evaluate

over-all heat transfer and heat-transfer coefficient from the falling-film. Over-all heat transfer is high as rate of flow is large

and viscosity is low. We compared experimental value with estimate value of heat-transfer coefficient from the falling-film.

Experimental value was pretty different from estimate value because inside heat resistance is very larger than outside.

1IFC®IC

TAKALERS T DVGIEDTHLALER TR Z 35V THHILAE N
Z PG LV SR (EIREE Tl S5ONTHERF T 5 082
Nd D, P SNDIHIRD HENEI AT O B2
ARA FNAES W Gm A D 2 LN, ARBFSET
IEA T T RINGR G CE I NEE DV 70\ ORI TR
ABAHGRLL T, Buctignl 3 2) 0 &3 5 5,

THIRIGIRIZK & Hel U CRBSEEDURIA T D, BASHL
A IVE T ST & EDRHEIT 60T o Ty,
T, A CIIEBIERORE ZE L7 V¥
2 Na /KIEHRZ D F S5 FERAATV, kBRI &

LB RE 2 T 5,

2 EERIEE

2.1 BEGR T RIER B HRES

AMFFE T D B HER DB S AT HIIX] & ARER

B R OMERVE AR LTS 7 L— O % Figure
1 IRd, 7L— MHEEVE OIMAIZ IR T IR A s
BVEIZIn Y 2Bx 23 5, EVE OMEITEREER
16.3W/(mK)?D SUS, (mEVEAENL 24 A, EHKE D
ENAFEILX Y L — N A2 A R WMEEVE RIFE ORI & EF%
LT 1.628m° TH D, (EAVENICIRIRFAZEL, B
HAZRO FER D ANV T EF S T, ERE AT B
DANTERESNREZI N L, FErbdeL, 2 ik
R cEuHT HHEATH D,
22 EEREE

AWFFEN I 5 FEBRAERE OIS IX & FZBROBIEHE A %
Figure 2 & Table 1 [Z7~77, BASHAZR ) Bt L7z ikl
TR T L, R 7 TR KR~ L% L,
MBS 5,

188

Estimated formula of heat-transfer coefficient from the liquid film side

Formula of Hofmann
0205 038 3_4C£.535p1?,31k£.46 o
S DOsIs / )15
0 (1, /8)

Formula of Jacobi

Droplet rp? o2 ood

Mode  Nu= 0.113Re"-"5Pr°-*5[ph &% J [Sj )
luh Do

Jet 2 D 3\7023 0.08

Mode  Nu=1378Re"" Pro'“[p" £ J [Sj ®)
Hy D,

Sheet oy oz .

Mode Nu =1.378Re"* Pro'”[ph gz ° J (Sj @
Hy D,

2 1/3
h, = Nuk, /[Vg] )

Symbol about formula (1)

hy - Heat-transfer ~ coefficient from  the falling-film side
[keal/(m*hK)],m : Flow rate of the unit width(one side)[kg/(mh)],
D, : Outside diameter of heat transfer pipe[m],C;, : Specific heat of the
falling-film [keal/(kgK)],4, : Viscosity of the falling-film
[kg/(mh)], p, : Density of the falling-film [kg/m’]&, : Rate of
conduction of heat of the falling-film [kcal/(mhK)],g : Gravity
acceleration [m/h?]
Symbol about formula (2)~(5)
Nu : Nusselt number[-],Re : Reynolds number[-],Pr : Prandtl
numbet|-],s : Interval of pipes[m], /,: Heat-transfer ~ coefficient from
the falling-film side [W/(mZK)], ky, : Rate of conduction of heat of the
falling-film [W/(mK)],v : kinematic viscosity [m%s],g : Gravity

acceleration [m/s?]
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Figure 2 Experimental equipment

Table 1 Measurement item

Measurement item Symbol Unit
Cold fluid inlet temperature T, C
Cold fluid outlet temperature T., C
Hot fluid inlet temperature Ti C
Hot fluid outlet temperature Tio C
Flow rate of cold fluid M, kg/s
Flow rate of hot fluid M, kg/s

Table 2 Experimental conditions

) Viscosity Flow rate Flow rate of
Kind of the ) ) o
) of the falling | of the falling | jurisdiction
falling-film
film[Pas] film [kg/s] [kg/s]
Water 0.00065
0.12~0.60 0.12~0.60
Medium viscosity 0.0173
High viscosity 0.245 0.12~0.40 0.12~0.40

Table 3 Physical properties value of liquid

Physical properties value Symbol | Value Unit
Specific heat of liquid ~ film G, 4178 J/(kgK)
Density of the falling-film e 992 kg/m’
Rate of conduction of heat of the K 0.628 W/(mK)
falling-film
Specific heat of jurisdiction fluid C, 4183 J(kgK)
Density of jurisdiction fluid o 998.2 kg/m’
Rate of conduction of jurisdiction i 0.602 W/(mK)
fluid ‘

Viscosity of jurisdiction fluid He 1.0 x107Pa-s
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Over-all heat-transfer coefficient

Qc = CcM c (]1‘0 - I‘ci ) (6)
0,
0= (M
AA]"I"T
Heat-transfer coefficient
Nu=0.023Re"® Pr** ®
Nuk
h = < 9
=D, ©)]
K,=mD,K, (10)
h, = !
o7 1 _0D,/D) a1
K, hD, 2k,
Used symbol
0. : Acquired calorie from the jurisdiction] W],C., : Specific heat
of jurisdiction fluid[J/(kgK)],K, : Over-all heat-transfer
coefficient in standard of outside surfacelW/(m’K)],4 : Heat
transfer area of outside[m’],AT}, : Logarithmic mean
temperature difference [K], 4; : Heat-transfer coefficient from
inside[W/(mzK)], k. : Rate of conduction of jurisdiction fluid
[W/(mK)],D; : Inside diameter of heat transfer pipe [m].k, :
Thermal conductivity of the pipe[W/(mK)],K; : Over-all
heat-transfer coefficient in unit length[ W/(mK)]
X Water(2014) + Water(2015)
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E M High viscosity(insulator exists)
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Figure 3  Experimental value of over-all heat-transfer coefficient

¢ Experimental value(2015)

Experimental value(2014)

o Hofmann === Jacobi
=
=
£ — 60000
X
&
9 § 50000 *
2 = 40000
& O
£ T 30000

wv
S g

20000

&= M
2 @ 10000 3 ——
o=
v o 0 T T T T T
o
© 0.00 0.10 0.20 0.30 0.40 0.50
T

Flow rate of the unit width(one side)[kg/(ms)]

0.60

Figure4 Heat-transfer coefficient from the falling-film side(Water)

190



AL SR E T AE RO L H I2ENER ab &
L, K, HORGEEHRIES, kGRS T S8R0 B
EREE A L Ul N A L0 DB AR L
TRER, alX 0.118b 1% 0259 & 72 o7z, Ur{UlREEk A 1ERL
T2 DI KN T F8RITE NAEMRER O R ERRE
DML 720 2 55 LT 5, Hofmann O T
1 a | 38R A 3 U CHAR9 2 & 0.810,b 12 0.155 T
H 5 7=, Hofmann DR HKE <2 K L7=, Hofmann
DB & EERGMENR BRI > T D RTREMER B 2 LD,
IR & F A EIUTKS T D UTLIHRR % Figure 8 (27
T HUREEERNE Z BRI 2 ME DU ARMER S
TWAW, KT EEBRIE Hofmann DZER Jacobi DU A,
HIVD KO RN HIT, ORI IHEE R 5
BEX V&S ote, KT TFERD Hofmann DX
Jacobi DX EMHFNE/ 2D Z LIZLHHELEZ LD,

5%&ED
1K & 2FEEEDPRFE D T L Uk Na /KRR % FAV TR
ATV, TGS DRI A T U, HATET A
HZ DIconEEEFITE <, BEREL RDIZoN
EmiEEIME < 72 HEAID R ST,
2K T FEBROFE R B 2 TR FRE OBV T
EE LT, WIEOREE MBS & & PNIEEH T L il
ARG N S VDT, ﬁWﬁ%ﬁﬁé@ﬁEM#@
KREL etz IS D, BEEZ/NELTHED
%W%%ﬁm%+ﬁmé<¢éi9&*#f%ﬁ%ﬁ9
VR B 5,
3)FNHEEE DE N L > THRERE & HEEE O BIFRIZEN
NN D &% Z, Hofmann DRDIREL & KEE DS A2
P iablin (DNE S g (=5 AP R

Approximate function

h

mO C0535 03lk046
.= 12
f (D0535J|: (ﬂh /g) :| ( )

(I DIARNTB S BT 2 T (113 B ZAT > 7223,
FEBRIIAH) THSKIR 14 CORIFETIT o T72 DT, RO E A
T D7D, WEWA O L DEmBREO AT o 72,
(&3]

DEAET(1977) [ESHagaakat v K7 > 7 ] pp.694-695, T
BB

2)X.Hu and M.Jacobi(1995) [The Intertube Falling-Film Modes:
Transition,Hysteresis,and Effects on Heat Transfer |

3) HAKER72(2005) TEAA ] pp83, AAKEI =

[P &3]

ARFES, BREEA K 25 R CO2 HEHHHINEO SRR LR,
TBHTE - FEREFE TRBENEARES - TAKBNEIY b — RV 75
TEFIH L7cEb 7 e 2D = p L F—@izh3b s 27 LB
%] (IR&E B HER) OB TIT-o72 b DO TH B,

m  Experiment(medium)
=== Jacobi(midium)
= Hofmann(high)
9000
8000
7000
6000
5000
4
3
2
1

Hofmann(medium)
¢ Experiment(medium)
=== Jacobi(high)

000 -
000 -
000 -
000 -

0

liquid thin film side[W/(m?2K)]

,_-...----.o.--_...q. ..........

Heat-transfer coefficient from the

0.00 0.10 0.20 0.30 0.40 0.50 0.60
Flow rate of the unit width(one side)[kg/(ms)]

Figure 5 Heat-transfer coefficient from
the falling-film side(Alginic acid Na)

Hofmann = = Jacobi

@ Experiment value

— 4500
£ 4000
<3500 $

3000 ®
2500
2000
= 1500

1000 /~

500 [ -

0

¢

falling -film side[W/(m?2K)]

Heat-transfer coefficient from the

0.00 0.10 0.20 0.30 0.40 0.50 0.60
Flow rate of the unit width(one side)[kg/(ms)

Figure 6 Heat-transfer coefficient from
the falling-film side(Bentonite)

M Inside heat resistance Outside heat resistance

_0.0045 - Medium viscosity
E 0.004 7
>3 Water . .
E 0.0035 { H|gh viscosity
£ 0.003
S 0.0025 N\ \
S AN J
£ 0002 7 N\ -
@ 0.0015 - 7 S
= 0.001 - A L
2 o000s | N wiN
I
0 -
0.09 0.19 0.25 0.31
Flow rate of the unit width(one side)[kg/(ms)]
Figure 7 Heat resistance from surface of the pipe

3000

8000

7000

6000
£ 50
E
N
i

3000

2000

1000

mika/(ms)]

Figure 8 Approximating curve for experimental value



AEEANEEREOEICRIETEE
— RGN R & AR - BREFEFRMEFRERF—

Air-Conditioner Use Effects on Sleep Quality in Summer

-Residential Performance and Sleep Maintenance and Fatigue Recovery Factors-
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A questionnaire survey was administered to assess the effect of living environment and cooling use on sleep quality.

1) Sleep quality is affected by the Thermal performance evaluation; it consists of “Residential heating performance”

“Residential cooling performance” and “Sunlight and solar radiation heat from windows” 2) In Factor II (Sleep

Maintenance), the “un-Use Side” is affected by the Thermal performance evaluation. For the “Use Side,” the effect is

mitigated. 3) In Factor IV (Fatigue recovery), the “un-Use Side” is not affected by Thermal performance evaluation.

However, the “Use Side” is affected by the Thermal performance evaluation.
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Table2 p-values of multiple comparisons of OSA scores

OSA | FactorIl | FactorlV
Ventilation 0.1526 | 0.2571 0.3572
Exposure to the sun 0.857 0.7942 0.8759
Vista from verandah 0.2021 0.2864 0.1374
Outside air 0.3947 0.495 0.1108
Residential heating performance 0.0445 0.4393 0.0215
Residential cooling performance 0.0971 0.0865 0.0143
Sunlight and solar radiation from window i 0.0559 0.0096 0.2559
Insects such as mosquitoes and flies 0.0908 0.2171 0.0087
Outside noise 0.4783 0.16 0.1636
Noise from around the room 0.5777 i 0.0665 0.506
Line of sight from the outside 0.3911 0.8676 0.1485

3.1 X F ORI REETHE WEREORNE ] X BhE0T
W 1544, @) 894, T ic<w 94, MmED
&) X &LV 1164, @) 1154, [Bh&ic
W 174, THSL) X HEDb LW 64 44, [ 147
%, EDb L2\ 14 ThD, [IREOME) &
FBO#HE ] 1% BhEIZ< W) B HTh D720, DI

M@ LA L2BREE 5, IREORE] & hE
DEhE] & THSTL) ORRIT—HRIERE DR ENE
NHEIEBIFRIZ S 2 73 (Table3), FEEU AT eIz —E L
72\ \(Fig.2),

EEOE ] WEOME] THH L) OKBERCE
V% R 74508 O 2 EL R E DA B REER 2 i A8 FH A
& AR Tabled (2779,

3.2 BBITEREERRERI DEF (AR - EEERIEFHDF R
Tabled (27"~ 512, K- TASE, WEAERAL £
e iz, BEBEOE | ICX 572372, [HEOR
X2k DELW, THH L) 12OV T Fig2 IR d
L BEAERAANIXTES L 2SED L < 220 & 20%
EHCRF TSmO @=0.1590), — 7 EMH AT
THH L) & TRF T OFRZ TR,
3.3 T HERBBEBER DR T-IV (I 55 [0 HR) D55
Fig.3 (O~ L 912, MEAERMANE BEEORE ] IZ
Lo TRTFIVOSFRZEN 2, — AT TR 23
HELT WV EFEICK IV A28 W (p=0.0313),
Figd |~ X912, MEAERANT HBFE) 23%3h&07
W& 20%F E TR FIVAEV (p=0.1810), fEHHIE
[FER DA 7225 AR L 0 & BAER ST (o= 0.0869),
THZL] ICXARTIVORRSZEL, HE A AR
& BT,
4. EEMEEE OSA AFDEZES
4.1 BEFI(ARR - BEER#E)  Tables (ZEF OEWIME
AE & K- L DRIE AR O — IR ERS S 4 vh 5 A A
FEFAMIBNC R, Figs & Fig6 (-4 X o2, BEEO
hE] LS T, WEMERMICIE T bo by, TERA
X | OAANEZR D (p=0.0055, 0.0423), hETUVNEE
7 o b T, TEAE DRV, BEEAAITHFE
CAE[1238 5 2385\ (p=0.1281, 0.2539), AR | [hig
R THEARVEEE | O30 1E, A R M & iz,
WEREOhE | LRI,

193

Table3 p-values of uniformity tests of thermal performance

Residential | Residential | Sunlight and
heating cooling solar radiation
performance { performance | from window
Residential heating performance <0.0001 0.0976
Residential cooling performance <0.0001 0.0056
Sunlight and solar radiation from window 0.0976 0.0056
200
154 147 B Heating
3,5‘150 116 115 DCOOhng 1
e 89 Sunlight
£100 o4
=]
Z. 41
50 o 17
0 3 . ' . ﬁ

work well (heat & cool)
not troublesome(sunlight)

normal

don't work well(heat & cool)
troublesome (sunlight)

Answer to Thermal performance of dwelling unit
Fig.2 Numbar of answer to thermal performance

Table4 p-values of multiple comparisons on OSA scores

un—Use side

Factor I | FactorIV
Residential heating performance 0.9854 0.2515
Residential cooling performance 0.4337 0.181
Sunlight and solar radiation from window 0.159 0.2772
Use side
Factor I | FactorIV
Residential heating performance 0.2255 0.0313
Residential cooling performance 0.4727 0.0869
Sunlight and solar radiation from window 0.4432 0.4425
Legend of Fig.2~4
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1 Number (Use) < Score (Use)
50 9.1 100
o) .
g 48 - 80
S
= 46 - S
= - 40 o
2 45: 45.1
g 44 ' - 20
e |—l-l— 52 44 | 94 |_l'6—|7|
42 0
troublesome normal not troublesome
Sunlight and solar radiation from window
Fig.2 Factorll scores by sunlight evaluation
48 150
° 47.0 0\
846
32 45 87~ Q454 | 100
z
=44 g
—
2 509
242 o]
= 45 | 101 5|
40 0
work well don't work well

Residential heating performance

Fig.3 FactorIV scores by heating performance evaluation

48

o
3 46

Q
wnn
= 44
8
242
S

40

150
()
4o~‘0/\ 451 - 100
Z
) 5
43, L 50 &
@
37 74 32 97
0
work well dont't work well

Residential cooling performance
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Table5 p-values of uniformity tests on Factor II scores

un-Use

Degree of Degree of Quality of Waking up Depth of

sound dozing off gettingto  during sleep

sleep sleep sleep
Residential heating performance 0.6106 0.0055 0.0423 0.8301 0.5905
Residential cooling performance 0.1383 0.0918 0.0709 0.2959 0.8549
Sunlight and solar radiation from window  0.0373 0.1418 0.0615 0.4056 0.1245

Use
Dx f lity of ki
eeree o Degree of Qua.ny of Wal |{1g up Depth of
sound - gettingto  during
dozing off sleep

sleep sleep sleep
Residential heating performance 0.8225 0.1281 0.2539 0.8696 0.667
Residential cooling performance 0.1658 0.105 0.5831 0.2558 0.985
Sunlight and solar radiation from window _ 0.5304 0.7263 0.1802 0.8649 0.2841
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Table6 p-values of uniformity tests on FactorIV scores

un-Use
Degree
Fatigue of Feeling
languorous
Residential heating performance 0.3266 0.274 0.417
Residential cooling performance 0.3163 0.726 0.5474
Sunlight and solar radiation from window _ 0.596 0.3022 0.2344
Use
D f lity of
egree 0 Degree of Qua. y o
sound - getting to
dozing off
sleep sleep
Residential heating performance 0.6041 0.206 0.0174
Residential cooling performance 0.0125 0.2005 0.1274
Sunlight and solar radiation from window _ 0.8186 0.8307 0.6722

B dozed off until I fell asleep
O1 dindn't doze off until I fell asleep
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Fig.6 Quality of getting sleep compared by heating performance evaluation
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Air-Conditioner Use Effects on Thermal Environment and Sleep Quality in Bedrooms during Summer

-Analysis of University Students in Osaka-
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This survey compared This survey compared an air conditioner use day and a non-use day with the temperature actual

survey of the bedroom of the summer about temperature and thermal sensation and quality of the sleep from a questionnaire.

1)An air conditioner use day is higher in outside temperature, and OSA score is high. The comfort and room temperature do

not have a difference. 2) On the air conditioner use day, relations of a sound sleep degree and OSA score are weaker. 3)On

the air conditioner use day, room temperature and a comfort and room temperature and the relations of the sound sleep

degree are weaker, and room temperature and the relations of the acceptability have nothing to do with the use of an air

conditioner use day. 4)On the air conditioner use day, the relations of OSA and the relations of the t acceptability are stronger.
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Tablel Subjects and measurement seasons

Subject Early Mid Late
Summer | Summer | Summer
no.l @) @) @)
no.2 O @)
no.3 O @) @)
no.4 @) @) (@)
n0.5 @) O
1n0.6 O X Q
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In recent years, one of the key issues of the workplace is merging and reorganizing workplace spaces to reduce overhead

and improve efficiency. To realize improving the intellectual productivity and comfort, we suggested plural distributed

workspaces as previous reported. The purpose of this study is to compare the evaluation of productivity, comfort and

satisfaction between ordinary workspace and exterior one.
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Workplace Productivity and Comfort in Outdoor Workspace
(Part 2) Subjective Evaluation on Comfort and Place Preference
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The productivity at work is affected by the environment around, such as thermal environment, impression of the space, the distance

between persons and facility. The purpose of this project is to create a outdoor office as a new type of workplace, and the experiment

by using subjects was conducted to confirm degree of the relation of each element to the productivity. This paper focuses on

questionnaire survey.
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1.

Time | Group A | Group B
practice

task1 20F PC / Creation Qutdoor |Paper / Concentration|
task2 Outdoor [PC / Creation 20F Paper / Concentration
task3 20F Paper / Concentration |Outdoor |PC / Creation

Day 1 [task4 Outdoor |Paper / Concentration [20F PC / Creation
task5 20F Paper / Creation Outdoor [PC / Concentration
|task6 Qutdoor [Paper / Creation 20F PC / Concentration
task?7 20F PC / Concentration Outdoor |Paper / Creation
task8 Outdoor_|PC / Concentration 20F Paper / Creation

schedule in each task

the questionaire .

N 3min
selecting seats
task 10min liz
working environment| | o .
questionaire

schedule in each task

10min

working environment
questionaire

10min

Outdoor

20F

Fig. 1 Schedule on a day

Table 2 Items of the questionnaire on working environment

FIAMEX D S &V HIRZST2 T2 T 2014 e

guestion

evaluation axis|scale for evaluation

EEITENT — 0 AR— 2 YT, iR
BICHBD R A 2GR U JEABE D EAEZRED  unction
HIEREYEIC 52 B8R HE LTc Y, (ZD2)

importance
/satisfaction

layout of furniture

facility of furniture

the area on the desk

the area of personal space

7

the distance between persons important/satisfaction
others'eyes important/satisfaction

important/satisfaction
important/satisfaction
important/satisfaction
important/satisfaction

THHARMTIE, BREHE T/, 70—
FREICOWTIRRS,

@nction

Ewironment

Enpression

facility of furniture
relation with other people

Function satisfaction

Thermal Environment
Light Environment
Air Environment

Environment satisfaction Total comfort

Acoustic Envinrmt

activity ,esthetics
openness familiarity

} Impression satisfaction

Fig. 2 The concept of the working
environment questionnair

Table 1 Items of the questionnaire on selecting seats

not important/dissatisfaction
not important/dissatisfaction
not important/dissatisfaction
not important/dissatisfaction
not important/dissatisfaction

not important/dissatisfaction

satisfaction _|function satisfaction satisfaction dissatisfaction
importance |brightness of the space important not important
brightness on the desk important not important
visibility of paper/PC important not important
natural light important not important
total light environment important not important
air moisture important not important
air freshness important not important
smell important not important
total air environment important not important
wind environment important not important
sunshine important not important
thermal environment important not important
environment N N N N
acoustic environment |important not important
sence brightness of the space bright dark
brightness on the desk bright dark
visibility of paper/PC easy hard
thermal environment hot cold
air moisture moist dry
air freshness clean dirty
acoustic environment noisy calm
sensitivity _ |wind/sunshine/smell/sound feel not feel
comfort environmental comfort comfort discomfort

satisfaction |light/thermal/air/acoustic/wind

satisfaction

dissatisfaction

S S EEY B TR AR AN RN AN AN ES IR N N N N RN RN I RN N NN ENEENAEN AR AENAENEENEENY (N3 ENRENEENEENEEN]

classification question evaluation axis] _ scale for evaluation satisfaction |environmental satisfaction satisfaction dissatisfaction

Function _|importance|the destance between seats 7 important |not important impression lactivity active stuck

Impression [importance landscape 7 important |not important esthetics refined unrefined
activity 7 important |not important impression openness opened closed
openness 7 important_|not important familiarity familiar not familiar

Environment|importance |brightness feeling of space 7 important |not important ease to sta calm restless
brightness feeling of desk 7 important |not important satisfaction |impression satisfaction satisfaction dissatisfaction
visibility of paper/PC 7 important |not important workability easy difficult
sunshine 7 important |not important total acceptance |acceptance of work acceptable not acceptable
wind environment 7 important |not important importance _|function/environment/impression important not important
sound environment 7 important |not important satisfaction |total satisfaction comfort discomfort
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2.

Score of each seat

I |||1|.| IA.AuIAIAIAI iin .‘..|

1A 1D 2A 2B 2D 3A 3B 3C 3D 4A 4B 4C 4D 5A 5B 5C 5D 6B 6C 6D 7A 7B 7C 8B 8C 8D
Building side Green side

Fig. 4 Score of each seat

7.000

6.000 mthe destance between se

mlandscape
5.000 i
> Dactivity

Dopenness
4.000 .
Obrightness of the space
Obrightness on the desk
DOvisibility of paper/PC

msunshine

3.000

2.000

The average of each importance

mwind environment

1.000 msound environment

0.000

PC/ Concentration Paper/Concentration ~ PC/ Creation Paper / Creation

Fig. 5 Average of each importance

ats

Fig. 3 Layout of seats in outdoor workspace
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Table 3 Score of each seat by each task
1A 1D 2A 2B 2D 3A 3B 3C 3D 4A 4B 4C 4D 5A 5B 5C 5D 6B 6C 6D 7A 7B 7C 8B 8C 8D

Total 72 16 43 28 45100 7 62119 32 19 26 28 88 38 43 40 12 58149 21 2 10 15 16 52
PC / Concentration 20 7 9 10 12 31 1 14 42 7 6 5 12 12 4 9 11 4 13 36 2 1 2 5 5 7
Paper/Concentration 14 6 19 4 9 25 5 19 15 11 1 11 8 27 19 13 12 2 18 27 4 0 3 3 1 11
PC/ Creation 22 2 11 9 619 010 29 8 3 0 3 28 10 12 13 4 12 37 12 0 3 5 6 16
Paper/ Creation 16 1 4 5 18 25 1 19 33 6 9 10 5 21 5 9 4 2 15 49 3 1 2 2 4 18
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Workplace productivity and comfort in outdoor work space
Part 3 workplace productivity
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Yoshihisa MOMOI*2 Ayako HIGUCHI"2 Naoko NOZAKI*! Kunihiko FUITWARA™
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A subject experiment in the “divergent community space” to evaluates workplace productivity was conducted.
Correlation with productivity and environment and impression in each spaces was investigated.

We found that outdoor environment sometimes increase the creativity performance, but sometimes decrease the
workability by uncomfortable illuminance, wind or temperature.
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Prediction of Thermal Sensation

during Human Thermal Load Change by Irradiation and Exercise
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Irradiation and metabolic rate are greatly changed with time in outdoor. It is required to develop the unsteady thermal

sensation prediction model during human thermal load change by irradiation and exercise. In the present study, the subject

experiments were performed under the unsteady state to examine the relation between the physiological action and the

psychological state in summer. Three conditions were considered as follows: (a) only irradiation change by artificial

lighting and solar irradiation, (b) only metabolic rate change by exercise load, (c) both irradiation and metabolic rate

changes. From a multiple regression analysis for these measured data, the prediction equation for the thermal sensation

was proposed under the irradiation and the metabolic change.
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Measurement of Thermal Environmental Factor and Evaluation of Human Thermal Sensation and

Psychological Effects under Woods Canopy and beside Greening Plant
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In order to investigate the relationship between thermal environment and psychological responses, we examined the

psychological responses of human in greening and reference places. We found that greening places reduce thermal loads

and give psychological relaxing effects compared to reference place. Psychological state was tending to be affected by

surrounding environment, for example existence of buildings, or magnitude of sky factor in the space.
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Table.1 Ratio of premises woods: reference
solar radiation wind velocity
% %
Daytime average 6 38
Standard deviation @) (10)
Nighttime average - 40
Standard deviation - (10)

Table.2 Difference of premises woods: reference

temperature relative humidity
°c %
Daytime average -11 6.1
Standard deviation 1.4) (7.3)
Nighttime average -0.1 2.8
Standard deviation (0.3) (3.4)
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Thermal Sensation Estimation using Thermography in Summer
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Aiming to develop a non-contact thermal sensation estimation method, we investigated the relationship between thermal
sensation and heat loss estimated from thermograms in summer. Thermograms of 8 male and 8 female subjects were
recorded every 10 minutes in climate chambers under the conditions of 4 levels of ambient temperature and 3 levels of

clothing. From our analysis, we found higher correlation between thermal sensations and heat loss estimated from

thermograms and this relationship is independent of the clothing.
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Tablel. Physical characteristics of subjects

Male Female  National average
(n=8) (n=8) Male  Female
Age, years 27 .0=%3.0 20.3%0.7
Height.cm  175.2+6.3 1582+4.1 1716 1586
Weight kg~ 67.3£10.3 49.4%£5.0 65.5 50.7
Surface area, m? 1.80+0.12 1.49%0.08 1.76 1.51
Data are presented in mean * S.D.
405cm }
Trerg cae -
510cm e 8m >

o
300cm

{ room B)
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Figurel. Schematic of climate chambers
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Table2. Conditions of clothing
Conditions
Light clothing

Base clothing
Heavy clothing 0.54clo

Clo values Clothing
0.38clo  underwear, shirt (half sleeves), short-pants
0.44clo  underwear, shirt (half sleeves), longs

underwear, shirt (long sleeves), longs, socks

Change of clothing
83 rgo 100 110

Ergometer

20 30 40 f45 55 65 75 120 130

states _Equi} ping
T mstruments

25 15 5 0 10
Sedentary

Sedentary

Sedentary Sedentary

Every one min.

Chamber A I Chamber B
. 257 27 59
temperature 50 I 2257
Clothing 0.44 clo Do

Figure2. Experimental protocol (low temperature condition)
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Thermal sensation vote

5

©A @B ]
4 7 y=-030x+175
3 1 cdyom R=0.80 eC eD
27 OE OF
1
0 - oG OH |
-1 4 ol eJ
2

oK oL
3 1 p=-007x+14 —©cCEEODID@E@
-4 +— R=0.60 @0 oM ON
-5 T T T T . .

0 10 20 30 40 S50 60 ©° OF]

Heat loss (R+C :W/m2)

Figure3. Relationship between thermal sensation vote and heat
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loss (R+C) calculated from thermograms.
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Figure4. Effect of clothing against the relationship between
thermal sensation vote and heat loss (R+C).
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Figure5. Sex differences against the relationship between
thermal sensation vote and heat loss (R+C).
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Figure6. Effect of exercise against the relationship between
thermal sensation vote and heat loss(R+C).
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Survey on Daily Thermal Environment and physiological

and psychological response of the elderly in winter
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It is reported to be much death incidences in the winter season occurrence. It is suggested that the indoor temperature

has important relation to the death rate. The purpose of this study is to clarify their thermal sensation by measuring

cold/warm threshold and the actual condition of climates in winter at subjects’ houses and measured their blood-pressure

and activity. The results were as follows: Many participants felt their thermal conditions to be warm and comfortable,

although the air-temperature of living room and bedroom were especially low and they might be stressed physically.

1. [ZL&HIZ Table 1 Outline of the experiment

A A A DFER D F1 T & L % g r— K0l S Period | aday from 13 February to 26 February 2014

™ . 11 elderly males live in Nara-Pref.  aged 69-87 (Average 75.25)
y Ff N Sub
B, BHIIC L DETH %f DEBRH Y | LI WIS IS iderly females five in Nara-Pref, aged 65-81 (Average 72.75)
M35 &V HENRLN 1 2. ZEINEEE O Place Laboratory in Nara Woman's University 5F
’%({t W25z AR j:j(% < gﬂxf}:% CRITAES Somatometry || Height , Weight , Body Fat etc.
. Ta(0.Im, 0.6m, [.Im, 1.6m), Tg(0.6m)
" S E t

~D xﬂi ITABT &) %, TYITOMMEE | R H (0.6m), Wind Velocity (0.6m)

SEATARSE 28 /I Ey\}q @%%%@ HEIZEBW L Cold/warm threshold

Physiolosical

T EEEELY %J R O E IR BEREE A HIE S Measurement| responses Skin temperature (Thermography)

Oral temperature, Blood pressure

Nic, SFEIIA MO EEE CREROFHIZ TV, B Psychological ]

ﬂ;q@T 5L AT E S DR NI m\f)ﬂiﬁ LRI responses Thermal sensation/comfort vote etc.
TFBIOFREA R L, LFR - AFRE O F > b R0 Other | necorietetoting

. Questionnaire of Winter sleep and bedroom
R 1T o7,

Table 2 Outline of the field survey

Period [ 6 days from 13 February to 3 March 2014
Subiects 11 elderly males live in Nara-Pref.  aged 69-87 (Average 75.25)
2. ik ! 12 elderly females live in Nara-Pref. aged 65-81 (Average 72.75)
Place In their house ( living room and bed room )
[==] [c=E=A N

2.1 EER=EFHA Beside pillow air-temperature/relative humidity

Table 1 (ZEHHI *E{g % ﬂ——g‘ EER RS j: El< i Environment [ On bed (nearby back) Ta/RH

“ living room air-temp erature/relative humidity

= Ll A oz =13 -
KA EAR 5 BEATE e BRI CRH 21T - 7ot M easurement Physiolosical || Body M ovement
LT AHNIRBETNICERET 5SS ME 11 4 (75,3 responses || Oral temperature, Blood pressure

L .| Record of a day behavior (before)
-+ LAY =R y -+ L =y
6750 M 12 4 (72.8 _4; 8im) TH Y, 2012 Psrghzz‘ical Thermal sensation/comfort vote etc. (before/after)
2013 EE N EIER O FEER & A H ) L TIHEN P OSA sleeping questionnaire virsion of MA
- ) J AN

fobat (BYE2T 4, KIE2T4) OFMLEEOR Table 3  Schedule of the field survey
Mot 23 LI TN TN, EERSREHE Ty H_Dayl Day 2 Day 3 Day 4 DayS  [Day§
E/j fcﬁEZ{‘ j;fmiﬁ‘F%,l_‘\/]i Lf:_;é%ﬁi j\éé‘)@: 60 /\ Body Movement
. pillow air-temperature/ humidity —> —> = = >
'f(ﬁ él:_:fii lL“ﬁi D E‘I‘{EIJV?D{J]IL ,ﬁ:‘ Eﬂfﬁ@ {HIJ JE 73? (1_’_ % living room air-temperature/humidity & >
L 7"” Oral temperature, Blood pressure, Vote [ O | O [ O [ O | O[O |O|O|O|O|[O|Of[O|0O]|O
117272, 0SA-MA 0 0 0 0 0
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Cold/warm threshold

(difference of skin temperature)

The marks indicate mean value of each

Fig. 1

group,and horizontal bar is standard deviation.
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A Study on Thermal Comfort of Young Male and Female in Winter
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To investigate thermal comfort in winter, we measured skin temperatures, rectal temperatures, thermal sensation votes and

thermal comfort votes of the subjects. ALL subjects were exposed to four different conditions in a climate chamber as indoor

temperatures in winter. Both on men and women, mean skin temperatures in the afternoon were higher than those of in the

morning. Men’s mean skin temperature was higher than that of women, both in the morning and in the afternoon. Thermal

sensation votes were linearly-related to SET*, but for when heavily clothed in the morning and in the afternoon.
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TR, EEZR EOITENC L, B T H L nms
LTV 5,

Fiz, L (2013) 12X B &, ORI 2 TR
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Table 1 Outline of the experiment
period 2014/3/1~4/5
Study facility climate chamber in Nara woman's University
Subjects 10 young men and 14 young women
Time —45 5 0 40 45 85 90 130
- Glimate chamberA ’ -
Environment tal condition1 oranooh climate chamberB 16°C50%
condition condition 2 °"’“"‘§§%’;’;bem climate chamberB 25°C50%
Activity sedentary sedentary
condition Tatclo
Clithes condition2 0.92elo 0.54clo
temperature
heart rate <+——— at 1 minuteintervals ————»

skin temoerature,
ractal temperature

Measuremen ts  thermography
at 10 minute intarvals =
psycological
blood pressure, oral| ° Jb o °
temperature
weight [e] [elie) o O O O (]
Table 2  Subjects characteristic
age . . body
height | weight | body fat| muscle BMI
(vears (cm) (kg) ratio(%) |weight(kg) | (kg/m?) surface
old) area (m*)
r FA(n=6) average || 20.17 154.75 48.50 27.67 32.98 20.23 1.46
& 0.75 219 5.02 5.50 1.36 1.73 0.07
r FG(n=8)2verage 20.50 158.50 53.50 30.05 35.19 21.29 1.54
& SD 0.76 513 5.90 4.42 3.05 214 0.09
M(n=10) average || 23.10 171.13 60.56 17.16 47.48 20.72 1.70
T 082 | 478 [ 531 [ 408 289 190 | 009
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Fig. 13 thermal sensation X SET*
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Fig. 15 thermal sensation X thermal sensation(instep)
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Fig. 16 thermal comfort X thermal comfort(instep)
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