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Research on optimization method in operation of heat interchange system among buildings
for air conditioning
Analyzing real operating conditions of the thermal grid system and modeling characteristics
of heat source equipment
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A thermal grid system, TGS, which is the bidirectional heat interchange system among buildings for air conditioning was
introduced to the exhibition hall. Energy saving effect was demonstrated by an optimization system in 2015, however now
the site managers have chosen refrigerators to use based on their experience. This paper aims to improve the optimization
system. The interview survey was conducted to the site managers to analyze operating data and understand current issues.
As a result, estimation of the primary energy consumption has been improved by modeling of the refrigerators, and

optimization constraint conditions have been formulated.
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Table 1 Priority levels of heat sources.

Priority Levels Heat Source
Top Priority R606
Priority (Buildings2,5,6) Each Building's Heat Source
Priority (Buildings4,1,3) R501,R502
Priority (Buildings4,1,3) R101 - R301
Medium (Sopply To Loop) R201
Lowest (Sopply To Loop) R60X except R606
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Fig.2 Water flow state in Building 2
when demand heat from thermal loop
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mRgp  ‘Rated flow rate of grid pump [m3/h]
Mgp;r  ‘Flow rate of grid pump [m3/h]
c ‘Specific heat of water [1/(g - K)]
p ‘Density of water (=1000kg/m?)
Aty Differential temperature of heat source  (=5K)
dyyi “Internal  diameter of piping [m]
v :Flow speed (=2.5[m/s])
QRytit :Quantity of transfer heat [kw]
QLy4qi+1)r  ‘Quantity of transfer heat [kw]
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Fig. 4 Differential temperature of air conditioner of Building1
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Fig.5 The example of the flow rate of grid pump
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a ‘Fixed number
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G ‘Gas consumption [Nm?3/h]
Gy : Reference value of gas consumption [Nm3 /h]
tgvaoutr  ‘Outlet temperature of hot and cold water K]
tp ‘Reference value of outlet temperature of hot K]
vaoutd  gnd cold water
m ‘Flow rate of hot and cold water [m3/h]
m ‘Reference value of flow rate of hot and [m?/h]
0 cold water
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tconin  -Flow rate of cooling water K]
toom ‘Reference value of inlet temperature of K]
onino - eooling water
Q ‘Quantity of heat kW]
Qo ‘Reference value of quantity of heat kW]
a;~a,  ‘parameters []

Table2 The comparison result of RMSE[Nm? /h]

Heat [Number |Exponential |Previous Previous Previous
Source |of data Model Research1) |Research2) |Research5)

R101 63 7.059 9.741 12.347

R201 471 4.288 7.904 6.136

R301 53 8.181 10.975 21.654

R501 333 4.825 6.211

R502 46 6.601 20.465

R602 52 12.409 18.891 27.067

R604 162 20.989 35.066 51.497

R606 513] 5.081[kW] 2.908[kwW]
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Study on Aquifer Thermal Energy Storage System for Space Cooling and Heating
- (Part 5) Examination of Using Multiple Aquifers -
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Aquifer Thermal Energy Storage System can be expected to have an energy-saving effect by keeping and
recovering and utilizing building waste heat in an aquifer. In case of Aquifer Thermal Energy Storage System,
the heat storage capacity is determined due to site restrictions. Therefore, in order to increase the heat storage
capacity in the same area, we propose an aquifer thermal storage system using two aquifers stacked vertically.It

shows that the heat storage capacity can be twice as large as that of the aquifer thermal storage system using one

aquifer.
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Table 1 Initial condition of aquifer cylindrical model

Figure 1 Example of D-
ATES System

Figure 2 Example of D-
ATES System
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Parameters Unit Value
Initial ground temperature °C 18
Calculation range m 200
Porosity - 0.3
Approximate heat dispersion length m 5
Upper Aquifer thickness m 10
Lower Aquifer thickness m 15
Aquifer Specific heat JI(kg-K) 3180
Aquifer Thermal conductivity W/(m-K) 35
Upper & lower Confining layer
thickness m >0
Middle Confining layer thickness m 30
Confining layer Specific heat JI(kg*K) 3060
Confining layer Thermal conductivity W/(m-K) 1.28
Water Specific heat JI(kg+K) 4180
WaterThermal conductivity W/(m-K) 0.59
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Figure 3 Heat transfer image

of model before improvement
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Figure 4 Heat transfer image
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Figure 5 Cooling load in Summer
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Practical Use of Thermal Radiation Air Conditioning System from Thermal Storage Concrete Slab by

Using both Natural Energy and Heat Pump

(part 1) System Outline and Analysis of the Influence on Thermal Comfort that Leads to Calm Preset

Temperature by CFD Coupling with Radiation
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Rinako KATO*!
Yoichi KOBAYASHI*?
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We report outline of the thermal radiation air conditioning system, and CFD simulation result of the indoor environment

which uses this system. Thermal radiation air conditioning system using both natural energy (underground heat and solar

heat) and heat pump is one of the solutions for CO; reduction. In order to decide control target of temperature for the cooling

and heating of this system, we analyze the indoor environment by CFD coupling with radiative and convective heat analysis.

The result shows there is possibility to calm preset temperature to keep thermal comfort.
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Fig.1 Overview of thermal radiation air conditioning system
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Practical Use of Thermal Radiation Air Conditioning System from Thermal Storage Concrete
Slab by Using both Natural Energy and Heat Pump
(part 2) Evaluation of Indoor Thermal Environment and Thermal Comfort of Radiation Air
Conditioning System by Measurement using Actual Building
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This paper reports the outline of the verification of thermal comfort in the building using thermal radiation air conditioning
system from thermal storage concrete slab by using both natural energy and heat pump. The measured indoor air temperature
and radiant temperature distribution of radiant air conditioning system and FCU (convection air-conditioning) system show

that radiant air conditioning system achieved comfortable indoor environment.
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Figure 2 Measurement points of floor plan

Table 3 Measurement cases
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Figure 3 8/20 casel Laboratory1 indoor temperature changing(left)
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Figure 7 8/3 case3 Laboratoryl indoor temperature changing(left)
vertical temperature distribution(right)
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Practical Use of Thermal Radiation Air Conditioning System from Thermal Storage Concrete Slab
by Using both Natural Energy and Heat Pump

(Part3) Questionnaire Evaluations at Government Office Building in Summer
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Toshinari TAKETANI*!  Yoichi KOBAYASHI*! Tomoyuki CHIKAMOTO*?  Shushi DOI*?  Jyoji ENOMOTO*!
Rinako KATO*?
*I'YASUI ARCHITECTS & ENGINEERS, INC  *?Ritsumeikan University ~ **Kyoto Tachibana University
It is the purpose of this research to find optimum operating condition when we operate thermal radiation air conditioning

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

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

difference and no air flow and that this system creat comfortable thermal environment
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Study on Air-conditioning System using Coanda effect
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Keita NISHIKAWA*1  Tatsunori MAEDA*1  Shogo YAMAZAKI*1  Kazuya MORIMOTO*2
*1 TAKENAKA Corporation ~ *2 SHINKO Industries Ltd.

The purpose of study is to evaluate the new air outlet jointly developed with the aim of improving comfort, shortening a
construction period and enhancing the value of design. In this paper, we report the optimum arrangement of the new air

outlet by CFD Simulation and an indoor thermal environment.
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Table.1 Measuring method and Measurement points
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Fig.10 Vertical distribution of temperature (Case.2,3)
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Estimation of electricity demand of the Japanese commercial building stock based on bottom-

up engineering approach
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This paper developed an energy demand model of the Japanese commercial sector and estimated time-series electricity

demand based on a bottom-up engineering approach using building archetypes. The building level estimation result was

validated by using a measured electricity demand data. The model result was used to estimate the reduction in the power

lass of transformers used in the commercial building stock.
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Fig. 1 Procedure to develop the energy demand model
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Table 1 Classification of building by building size

Category Total floor area Category Total floor area
CL1 Smaller than 200 m? CL6 5,000-10,000 m?
CL2 200-500 m? CL7 10,000-20,000 m?
CL3 500-1,000 m? CL8 20,000-50,000 m?
CL4 1,000-2,000 m? CL9 50,000 m? or larger
CL5 2,000-5,000 m?
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Table 2 Specification of archetype building models

M# | IHE CL1 | CL2 CL3 CL4 CL5 CL6 CL7 CL8 CL9
B | EREHE] 132 | 349 726 1,447 | 3,258 | 7,089 13,873 | 31,238 190, 202
iy FAEREPREFE (] 66 116 182 289 543 1013 1734 2840 6559
RE%K 2 3 4 5 6 1 8 11 29
707 A& £ =B, ESEE. KB
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207 A& oE— &E RZ+ RIS RZE+/EE, BERS
ER | EEREE ] 136 | 330 101 1,445 | 3,238 | 7,597 14,696 | 31,309 104, 835
fEz: FAERE RS (] 68 110 234 364 648 1,266 2,449 4,473 6, 989
B2k 2 3 3 4 5 6 6 7 15
707 Rk PRE. FAE. LE | AEHRE RE+FHE. B2 | RAE+I0U
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Table 3 Screening condition for SII data
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Fig. 2 Base load of SII buildings
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Fig. 3 Average electricity demand in May (CL6 office)

Table 4 Case on the energy efficiency of transformer
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MG ASERUASATRIBNC 31T B IRENF A AR
TEVZ NS FRE 25 AFEOBRFREE Z L OPRHREEED
NRIZONT (BMbHHE), FAk 26 £ 12 A,
http://www. env. go. jp/press/19009. html (77 & A H
2020. 02. 18)
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V2H + LiB ZHDEBREEICH T 5 ENFHREZRDRELE
Verification of Electric Energy Supply-Demand by using Model House with V2H and LiB

O Z&R (NLAnfERY)
Hong-Tai LU*1

*1 Ritsumeikan University

EAELT (SLAEERS)

Tomoyuki CHIKAMOTO*1

TIE L GUAE R )
Shushi DOI*2
*2  Kyoto Tachibana University

In this research, we connected an electric vehicle (EV) to the model house's power system by \Vehicle-to-Home system

(V2H), allowed the model house to use EV's battery. In the first part of the study, we connected V2H to home-use

Lithium-lon Battery(LiB) and photovoltaic cells to study the energy flow between this triple-source-system. The result

shows that at the moment loading on, VV2H first responded, but then LiB started, supplied and absorbed almost all energy.

In the second part, we simulated a 24hr-load. Without 10T control, LiB also supplied 90% of the power demand. Since the

battery capacity of EV is much larger than LiB, find out how to control the output balance will be the next task.

FL&HIC

IR, FRORHARERLAE, BTG T o 2D
T <L KEIBERENUKGFE LT TH L L) i
DRk STz, —J7, A PTRE= RV — ORI RIS
EATHDZEHHY | BIE, =3/ —DOMHRI3HRC
FERIZRBNT, EROEPRPEHERICIR ST, KB
PRI R BER S 2L o TE e, Ll
A RMRET RV —OREBEIIRESCFMN A S, &7
ELTEREITIE 2720w, &2 WaRlE %
—IRFAICHTD . BHE R RRRCHEET 5 & 5 2 )il X
EEHEE 220 | (AERETT (Virtual Power Plant,
VPP) 72 E DMLV EENTE T2, ZD7T, %/ iK%
WG CE D ) ITEEREHPEIR SN TS,
AW, ERA®EL [AEEEm &2, X
BEtFSFE (PV) 12 LV S, Co, OHEH &R & 225iE
FIMEME 2 A7 7228 5 V2H 3 AT L (Vehicle to Home
System) (2L > TEMEIEEE, VPP OEHAZBHEL TV
%, Fio, BRABENEY) HHE R A AE L, VeH
& FREFRERL Y T bA A (LiB) ZfAah
®25, L»nL, V2l & LiB, PV LEfE S84, &
PG OZEIN I FERES LTV, ARETIE, —
FREDAETEE HE B LA a2 T, B
FREA IR T D, F7-. V2HLIB & LiB OHD 7 — A%
e[ VoH OB = R PERE A RRET 2,

1. HIEEE - B

AMFFETIL, V2H AT A (LR V2H) % Fv TSR
TLELKHEHE CITE) OFEnm2RE, ERETIC
FFET D, EV OFEMUL, HoMREL Ot —X2—0

W 27972, FREMRERE B (T LiB)
EHARTHEREBHE AN E bigm<FiFahTn g,
LN LZRA D, ERoAME 7R & EV 23 V2H 2> BEELTZBR,
VoH [IHRE L 72 < 72D, E DR, REIEEZMET 57
W, LiB & HBISVEMNAET D, 2F 0, [FFHC 2 FE
HOEEMZE I RTENTWDRETH D, ZDY
AT DE T, A& DAIEART Y 2—/UTE D il
A EE R, =T —Dhci /BN EZ R LI
Z ERAMTEORAE B TH S,

ARG TIX V2H A DOYIMIBRE A4 E L, F 91X BEMS -
ToT #2372V vRRE L 5 2 V2l & LiB & o H cfiliEc &
LReHEFIN AT 5, iz, BV ORFEZEMIC L
0. FAEREZSN L, BNLOFREMERGET 5,

2. EBREIE - K&

FL, (BREARER) & RS Ial—ra v FE
Br) & BB COEME Lz,

HBPE TR, B LR OB o AR E 52, Ao
FRFCHHE - —~Dilif )72 &AL, Agrs V2H
Zilifged RO, EIIXLENEREET 5, ©E
PERMER LT 5 2055 B, IR L5541 5
Al L CTh 2, REEEFERIZE Y 27 4 ko
FHE O A AT D,

FERRAHAARI L Fig.1 12”7 & 912, 3FHOER L 2
RO EM THERL SN TVD, Ve 1T EA R 40kWh
DEV & Bae L, EHsH 77 6kW O & AV, EBREE (DL
T EMH) OB AR C 308 > TN D, LiB I3 A & 12kWh,
TEREHITT 3kW OB Z IV, B ICE R - Tnd, &
TELIAME, rAHEIR & ER T AKW DRGSR
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DITPV) &, ERH 0. TkW O EIAR LT E B
PUF SOFC) ZH, FEEA R L —JRE LT/
ICEER S TND,

(
(

& kW 3EW 4kW 0.7 kW
independence
=

ENERGY interconnection

MAMAGEMENT

HOUSE 103w
..... 102w
E_ Switcher

Fig.1 Composition of equipment

FHREHRICH\ T, LiB O&#lRT 7Y — 22— K (23 :
45~05 : 30 FE&E, 05 : 30~23 : 45 i) SR ET 5, VeH
& PV I A ELERE— NIZRET D,

i BePEOBR ATERRIT 2019 EFN L FHIcRE
WL N AR R BKC 5 v V7S ANIC & 5 FEBRFEEIC
BT, £y — 2% Table. 1 ITRd, 1%
V2H, LiB, SOFC & PV Z¥& & 1kW 725 3kW £ CTHAf % L
FTEX T, %ﬁﬁﬁ@fé@ﬂﬁ%@ L7, &b, W

BEZ ST 5720 SyTEVE 2 DT Tt RS
IESE, HE2S F'EJ ﬁéﬁétbﬁﬁiﬂlﬁ%mﬁl/@@i&

L7c, FIREZRBRY BEHOZEhZ M b 7-0, 1 FHEobH
I R W 72, AWFFEIZFU T SOFC [IFFE% 5
TIHARWD, ARTAIE O BRCEEIDELS | MR~ (I
LR FEETCIEERRVEREER D, REIED

WPRAL, BERILOTWVWE PHEINE, TDD
SOFC Z#&fe L7273, Rtk zfad Lz ) 2, HRO7—
T SOFC %55 Ak LTz,

Table.l Instant Load Experiment Settings & Cases

ZE RN - FIEI ESlin- b1l
EINIF TR R R TR SCE  (2020. 3. 9)

BB S 2 L—3 3 FEERIT 2019 4E 10 H
22 A7 11 A 11 BETORKRAZEE L, B L7,
H EARH OTHEFREN R 2 LE L, R — AT
Table2 (ZR9~ L 51z, Vel £ - &) DE#%R - Any D
H-{KRB) G5 7T r—AL LTz, 5 BEBREE IR
20 | 24 WEEHAZ 580 LTz, THEEA Y 2 —/Wd
[ RAETR TR S 2 V2 (NHK B S kAFFERT, 2015)
CASATEFEARTAE Y (B TRH R, 2017) 2581
L. a2 NGEH4 NOFIEEZET LV E LT, 5
Mg ABE L 16 pEOEE 2R Lo, BHEEAMTX
7 av LEEE, Wi-Fi —X—{Z2oW\T L:Iciém/\&
— UMK TH Y BRI W, RO Z -
oo ZNLISN O BT HEVEER O ST L 0 A LTz,

Table2 Long Term Load Experiment Settings & Cases

WEA | Equipment CASE
DAY THER | Composition SYSTEM LOAD No. INTERVAL
1023| £33 Weekday | VL-SW
Interconnection
1103 | £34 VoH Holiday | VL-SH
10/30 | £3 4> +LiB Weekday | VLW
Interconnection
1/01| £ Holiday | VL-IH 24 hr
wn | 39 Weekday | L-SW
LB Interconnection
1109 | £3 ONLY Holiday | L-SH
106 | £ Interconnection | Holiday L-H
PV Power Supply
LiB Power Supply / Demand
MEASUREMENT ITEM | V2H Supply / Demand
SOFC Supply
SETTING: Grid Supply / Reverse
PV Connected RECORDING INTERVAL 5sec.
in all cases
ACCURACY 0.01 kW
LiB SOC : 80%
START SOC V2H SOC : 80%

WEA | Equipment

DAY | THER | composition

SYSTEM LOAD |CASE No.|INTERVAL

1kwW VLS-S1 | 10mins
V2H

530 | £} +LiB Independence | 2kW | VLS-S2 | 10mins

+SOFC
3kwW VLS-S3 10 mins

V2H " 1-2 .
8/12 ﬁ D +LiB Interconnection ,3kW VL-1123 15 mins

PV Power Supply
LiB Power Supply / Demand
MEASUREMENT ITEM V2H Supply / Demand
SETTING: SOFC Supply
Grid Supply / Reverse
PY Connected RECORDING INTERVAL 1sec.
in all cases ACCURACY | 0.01kw
H - 0,
START SOC LiB SOC : 90%

V2H SOC : 90%

3. EEMER - BREIAMIZHTSH V2H, LiBDEE
Fig.2~3 |ZH#E AR FROER LR L T\5, Fig2 2
B X 9T, PV BNEE L TRET HHELIB IIREIE
DE T TR L7=23, kW ORRENT D &, FDbt
fH LiB O FhLFERERES —BHZIEE v . REIENETRT
VoH 23:MYdo D TR U7z, Z D% LiB 2N E 7= & BtA,
SOFC & AfmfIZhis U CHELBM Lz, £, AfASL
7B | LiB IR U < HRES—BRC I E V| V2H B [F]
FRICARFIE D 2PN LT, 2 [ HOFEEERE I T-7
Ry, A & 2T D C SOFC OFEENNFIKRAH TIEE D |
DWTIZ LiB b ikFE » T, V2H 2SRRE S 2 W L7z,
Z ORI, SOFC AME I L7z & [RIRFZ LiB A2 8
L., BEE— NICERT H7-00EIEZEEZEZ HND,
kW D & NT 72356 (Fig3) . il PV 7213 T




A-29

TOAREHZ 2=, VoH MBI Esr &V, LiB
IFEDRICKE LT, AMZS LTZRRZS LiB K0
V2H 23 B < B L PV & SOFC D 4xlEE /7 A WRIY L 7=, SOFC
& ERRBNOI LTz — R 6/ U84 Lz,
VoH [ ZAMEENT L, B RNZ &2 bioT,

[ Instant-Load 1kW ][ V2H+LiB+SOFC - independence ]

=SOFC =PV LiB  #VZH

= Power Consumption

Fig.2 1kW + V2H+LiB+SOFC - Independent (VLS-S1)

[ Instant-Load 3kW ][ V2H+LiB+SOFC - independence ]

250 y2H e

mPower Consumption 2SOFC mPV LB «V2H

Fig.3 3kW * V2H+LiB+SOFC - Independent (VLS-S3)

4. ERER - REEGICE T 5B NHEDERE
FEWRERIC oW, 9%, VaHHLiB - By & [LiB
D« R O —AZHEET % L BILOWREET V2H
OFENIFHBER EFAER CTHY . FEAERORDY
Lrpode, Fiz, BILOIRET 2kW DL EOBHE AT 2 7>
% & Ve 2B WS LiBIT T R CoOAmZ Iz
IRINSTeDT, =TT gL, EEL 2T,

BRI E R EE RS & VA O— R EIHE
Fr B3 13. 4kh TH D | IKRIEAI 17kWh TH D, PV I
FEROPHZ 8 DM ORI L2728, 10:30 2
DREAIGD, B 13 KEETO, ) 2.5 FFf LVEET
Xlpolz, B —U3EEITN 2. 2kW Th D, F-, PV
D— AR RITIRK 6. 3kWh THh 7728, FfEHIC
BWT—HIXTOAMEHA RN L3bh T, 1
AEEBROFERIZE Y | HlICERXFEEZHET D &

ZESRRRAN - A L T S
TR ERE R Aol (2020.3.9)

12+40kWh OEMA RS 6. 3kWh OFEBEEL ML, Gt
#958. 3kWh T v . —H 15kWh DFEHE R L T 54,
FAFHBIROZEET, $94 HAOEIZ CTX 5 LHEES
b,

— H OB OB ) 1EE Bl T Figd~5 127
— A IVL-SWJ, VL-TH] OfERZRL TS, FEHODOE
JIEENE 06:00~07:00 DOFIERTAICEH —— 2 (BHEA
BRI 3. BkW) (2[4 9, 18:00~19:00 DA fREIT#% & 21:30
~22:00 OIMEAREZICEH ' —7 (BRI 2. TkW)
(21139 AR HIE 11:00~12:00 DEERTHICE ——2 |
17:00~18:00 DA BRI & 20:30~22:30 OISELFIHE
=229, BINHEFELEEA Y 2—
a5 L FEOE— 7 PNHAET DRI REE
FTHY, HIINNOME S| TN H bEEDZRVE
RETh D, 1E-T, VeH [T —e LT, AN
B = AZEDEHRT L REMN D L E X HiLD,

5. XERHER - RELERICHITS V2H, LiB D)

BN OV T, Figd~5 [TRERE R LT\ 5, LiB
1323:45 72D & BITFBEIIAE Y . B, BRI
57 V2H NED - TV D555 LiB OFFFEEZ T T
V2H 23> 7z, LiB I3&EMFEENTE T LTH, 5:30 £T
FEEE— N UfT. HEEITHORW2D, T oMo
BT VeH -7, VeH ITER THDH HOD, &I
FETET, HE LTS, BREICIE, V2H 1ZBEFEK
TBE— R, LiBIFKEET— FICRE LD, PVICL DR
FIESNCEIGA, LiB 1B R CORRE 2%
N LFEESIN, %> T, LiB BAEEICTEE 100%1272 5
7RVBRY | V2H (F—H FHEDHT I,

£, AREIEO Hh0BGEERD L. oL o=
FNXR—JFN D DAL LB 2 b L. B )
D 9 EZ EHTWS, [V2H+LIB « % « {RKH] DA —=A
TILLiB 2N&HF CHRED 72 < 72 ) . Z D% V2H 23 LiB (2
KoL, R4 —AZT, LiB & V2H, FafER &
[FRF 7 B854, LiB 12 90~95%. V2H 1% 0~5%.
PAFAEIL 5~10%DH 1% HH TS, A 1. 5kW
LUFCTH D5A T, LiB ZBr< NI H &I A
Eh b=, TR, V2H BNER ST TDr—A
(BT, V2H AL THRESC, B 40%F% > T D

(80%—40%), EV OEE% 0.124 kWh/km &34UT Y,
40%DFEEETHI 130km D Z LT, V2H & LiB DH
FI3T o AR V2 O TEIE % 60 2 il s 42
ThdEELZLND,
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250 y " LiB
200 . .

1.50 / T

1.00 _
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000 poarats
-0.50

-1.00
-1.50
-2.00
-2.50
-3.00
-3.50
-4.00

A

[VL-IH ][ V2H+LiB = Interconnection = Holiday ]

f,‘whl
Lie |

Fa

m Power Consumption PV =liB #V2H =Power Supply

Fig.4 V2H+LiB - Independence - Weekday (VL-SW)

4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
000 &
-0.50
-1.00
-1.50
-2.00
-2.50
-3.00
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-4.00

N
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:

1
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Fd
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1
T
1
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1
|
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=

[ V2H+LiB = Independence = Weekday ]

m Power Consumption PV =LiB #V2H #Power Supply

Fig.5 V2H+LiB - Interconnection + Holiday (VL-IH)

6. F&H

ARFBRZ I | SR OFE 72 RRE T, V2l &
LiB, PV, R % 85t 9~ 2 IRf DO SRR DB HMRFE T
T, E£o. BT —AOFERRIZE Y | V2HHLIB 2260
G2 CHEANEE) 2N TEDLZ L2HER LT,
fERE LT, £ Ve IIpHERORDY L7220 | BH
DE— I TFHEEIR N, T~ RN CE 7 L s L,
—J7, VeH |3 HEE Ui, FefET— RICEI0 &
DHRNZ Ebbinole, 65T, V2l & LiB OEifEE
HRAAT O BRI, WIRHIESRE A T 2 LR H 5 &5
z bbb, F£72, LiB &, IKBAEEZ — Ot
WHZ 7273723, V2H O 7058380 TR D, LiB D%
ERR Y 72N EWIE TE AN, 5% V2H OHIZ3EE L
V2H - LiB OiglA BT 0B b H 5, ARTIE
FERIZBIT DiaEZEE ZFHE L7223, EVOBENC L v
FEEUNTEITET D Fa—2 a3 D TEOD
T, EV Offfifciifta &0, 4% o s LT VaH & LiB
DEEFIE AR LT,

ECiF22

AHFZEL, =F 2 o HAStLE ORFEIIE TH D, F
72, LiB HIGEHROBHGIZIBN T, SLAEE R PR T
T YA UFRORRBIEIESRC S W R W, Z
ZIZHRL IV EHOEEERT D,

2 ExX#

1) NHK He& SAVATTFERT HARTRATHS ; 2015 4FE RATE RN
HWEE, (2016), p. A (D -(9) . NHK kS LtFeaT

2) NHK BoE SAUATFFER Hamaiais ; B iRzt 2
H 2015 AFEEATERA T — & | (2016) . p. 1-12,37-48,
85-96, 120-132, NHK ki SAVARFFEHT

3) WA ; ke —2E - ik GIEZA) 5K,
K 28 AR AR RAATA, (2017) 5
https://www. stat. go. jp/data/shakai/2016/kekka. html
(=R 2019. 10. 16)

4) EREBE - HEY —7 - Fi5E - AR ;
https://www3. nissan. co. jp/vehicles/new/leaf/charge. html
(B3 2019. 11. 28)
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=EE - SR[EBENARILEEOR - EKEIKICET SR
(ZD 1) B - EBRENEMBENZERNER - E[ERICEZLH2E
Hygrothermal Simulations on a High Performing Single Family House with Traditional
Timber Framed Modular Panels (Part 1) Influences of Window Shapes and Exterior Colors
on Indoor Hygrothermal Qualities

Of#E  #ils Gl Tl R

Seiji GOKA*1

it e Gl TSl k)

Hideki SHIBAIKE*1

*1  Kyoto institute of technology

In this manuscript, dynamic hygrothermal simulations occurred between multiple zones in a building which taken into

account interactions with surrounding building envelope elements are numerically examined by using the windows

application WUFI® Plus. The computational object is a two storied high performing single family house with traditional

timber framed modular panels that was completed in Chiba Prefecture. Quantitative evaluations on sensible and latent heat

components of air conditioning loads are compared for various combinations of window and overhang shapes, colors of

exterior surfaces and moisture buffering infills in interzonal wall cavities.

1. [XCHIC

KA TR 7R OBVETH 0 | Z OfiFTk
e U CTHEESIICET DIRENREN AN K & 223
FERFE DTN D, BN O SR - R EZE D
FEHTFEL LTHTH Y | B stkielt - BHMic
EHHk L. Frfse rTREZ2BR%E BAE (SDGs) (2 BRI L 7= BREEA T
) U7 PR & RIREIC T, L L, Z8iitias & il
HEETFITEE LW EBBET LT —HEEZ RS
LRI DD, WIHFE 2R EDHE & i k4™ 5 Bl
Tl B - BRIBETH A~ O R EHREOBLE DS M EAR F] K
Thd, — 5T, BEEORRERTE - EHICRN 5 ENIE
BPLEPEOMLR L EECH Y . BNIREEN: & ZEHRA
T IR BRI BIRICH Y . N S DITITEAE 2 A
NOEIMEERD Z LT D,

& 2 ATARIEFL SOV TIRIL, RE LIiE & T
D IMEFHE, Bl C O THANE AR, % oIk
LEDAY v MRFRIAEI, Hal THEFREOEHZED
TWD, M TGEFOEFROWAT T, B, /KY)
V) S A S S 7\ P A Ao S SR T RS i A 72
TAN, ERNIST D AR OR4 T KL OVH SR O BLA.
N, B EER S D _ECARAIR R & el D,

RO LS et RAEEE A AR (2D 1) T, A&
ke <RV TiEA VR 2 TR T /U LT,
B OIEEFEN - WA - ZEREMERZ S TR TE 5
WUFI® Plus 2T, et (BEEN - 2N ZHI
L7200, i A AHEROT R, SN A, SRS
L BEELS U IZEBEIVAHS S AT A EOMAER)

RIZOWTHRFT 2, 2GS L < ITBHENRIRHE R > A
T LOER, Z2 - AR O Faif b, SMER DI TN
B G2 DE AR AT D, Fiz, BPREME
(PMV) & & DHERFIC W BE 72 223 fnf % Loiige Ui/ MR D —
X — P BNERBE A HERF T & 2 R A BRI T 5,

2. RENREELHEETILOME

FHHCI, Google SketchUp Z FV TR L 7 iRl
D 3D~ AET )V BOIEEFE - KRR EN D R
FTE % WUFIe Plus 3.2Y% (124 »aR— b L, #uth - &
EGOF T SV IE R 2 AT 5 U CGRHMId 5, B
Skt & U7 TEER A TR HEE S L7 ARk kL
L, 13 7. 28m DR 2 PEET, JERHEFEAS 106. Om®,
FEAFENS 324. 3w’ FMEEAEDS 277. 6m° TH Y . KBHAD
Rz A THD (Figl), BR, BE R, BOAE
TERITA 40, 111, 0. 177, 0.248, 1. 31W/n’ « K, M2y
BER (U fE) 130.266W/m’ « K THD, TF /MEED
V= U ZIXFERRE OO SR 1 ) — 2 L IREER
3V —y (RF - - /NRE) Oftd Y —rTho,

Fig.1 Overview of the model house in WUFI® Plus 3.2
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3. KEEHR/ R IUEEDERESEA

SEVERE, RO R R, BAR - BEO ARG - R
W RGO FE N ZIT, FER % WUFLe Plus OF RS
RSB,

ASTM E1827-967 {233 & | IE 50Pa FFDIRH & & 8T
50Pa IRFDIF A=A HIE L7z (Fig.2),

Q= abPr (1)

(1) &EHNTEDO RO, KFERERrEE 2 F
U7=, FERYBRMEFRE (C ) 1% 0. 69cm®/m’, J£ /175 4Pa
DOIJREREENT 0. 17 [1/h] ThH o7, £7-JE /17 50Pa
oD, SEEIRAIEEIE 1.06 [1/h], SR mEfE 7= v
OJFFEIL 1. 23 m*/m’ « h TH-7= (PHIUS+ 2018 DA
FEMEE - 0. 91m’/m? « h (=0. 05¢fm/ft?),
RETBUEEDRIR « BEL R U ALY o7 AL
KEHAW, K26 (A-5) 47— 2o\ T HE SR
ZPNE Uiz, O B O BEZ YR 5 7=, HE
BT 8057370 > TS HB IR — M EsRE LT
Bra OWUE BTV, T — MRERERED H I S22 A 1E
L. @&V >— Mo BN EH#EET 5 (Figd),

— Pw—Pb R + Rwpp—Rppw . (2)
Ry—Rp ™ Ryw—Rp

HERFERIT, AEER @ 66. 7%, BRI 19.4%, H
EE 68, 0%, BARE: 22 % Th -7, EIERGRIZ,
PEfil - FERHARIBFERIEIC L DM SRET10%E 727,

PRT - BT - /INBEE D B SRS A CO, DR R A7)
HALTHEL: (Figd),

Pn

2SN A LA s
NIRRT SCEE (2020. 3. 9)

PR EmZFHR LT, IR MR E OAMRT D L L, IR
THASREEIE 6. 72 [1/h], PRSI L, SMRITHE L
T 0.029 [1/h], B/ — 1% LT 0.95 [1/h], /NRE
DKL, FMEITx LT 0.072 [1/h], By —1z
XFLT0.48 [1/h] Thoi-,

4. BEEH

FHREHAMIE AR BERIRI 1 » AfEg, 11 A 1
H1BHE4E10 H 31 H 24 £ 0) & L, AARKSS
PRIIARE (TIER) OYERT A X AEUEFAGREE 2 U
%o PUEVARNT GREA « BB, KRS E, Co &) 1Bl
T, BEEZF 44 Fm, ], BF) &L, IBEC
FE LT (FEOBIRFOAEIEAr ¥ a— Y L Rty
B ARTRAER DD BIER L, AFH - &KH - ZFH -
HIRA - FREEPER - PRIBHKRH O 6 2 — 0 TRRIET
%o, PW ORI TIE, FHAREIZHE 0. 5clo. & lclo, HIH]
0. 75clo, =H/LF—REHERITEF 1. 2met 2 W5,
BT RISNER 70%, TEENEIZNER 40%° 42 H]
VAL 1 RS S A7 A (BRV) Z A%, BEERIALES
| FiAS S AT A (HRY) 2 W D85E13 31 7S AR
HRET 2 L5, AMVKIRDY 10°CLLE 23°CLL FOAITIE
BRI A2FTHT, AR EZOE R AFUEFERO 2 %
DOEETHET D, Fiz, FRIREN 20-27°C, EFIAHTE
73 30-65% TN E S K S lc 7 a U AN EEFE S, AR
DT 3 ERHEIE, WERe) 2. 8kW - BZFERE ) 3. 2kW
D 2010 4EFERRGE ENRISRE 13 GO EHIMEETH 5, W
B2 COP : 5. 34, BEFE COP : 6. 01 Z W TCIEARET L #/LE

P—po=(@1—pde ™ B —BABNRIHE L, FOUENOERBIT B 77D
@) A& MW THLIEEL () 23Rk, BEOEARNS 52 BREEEe Th 5 26 F/kih 2 L TRD 2,
1,000 4 100 White Black
1 y=1!i.789x°7376 1] » White /’ || » White /
Ri=09995 g _ go || *Naked i « Naked
_ - S + Black / 1|+ Black
& - 4
E (o) g 60
@ 100 - 1] 2
5 ] <€
14 8
2 g v
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10 —Pressurized Interpolation --Wall:68.0% 1 .‘/ --Wall:22.9%
0 — e
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Fig.2 Relations between air flow rates and pressure differences Fig.3 Measured albedo
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Fig.4 CO2 concentration decay
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Table.1 Window type and overhang position
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1%, AR OB AL 25. 4%, 4ERBOE IR 383
REEOHEA TE 72, LML A THRBSEZ >~ hL
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AL 1. 23 (5 CTH Y | BB G 455 FEZ < 725 C
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5.3. FRIBHMIC & ZERARHIFR

Fig9 (Z Hardwood, CelluloseFiber, WoodFiber .
FiberGlass Ol & /KR A2 ~T, ZOH)NLiEEE
FTIDENER & LT WoodFiber Z38E L, RiftE0Y B
ZERICTFE LIS, BLOHZEL LIBE0MEL
5, MDY BEORREFTIE 111, Im* T, H2EBIIEX
25 105mm Tdhr D, HZ T AT LILERV & HRV 25,
HRZEREITRT U C TR, AT A7 AR 537
AT 508, 2 THD (Tabled), Fig.10 |35
b (SHR) OBATTHY | BaRfnEEL 725 SHR 2%
LTCW5, FEIMNIZZD SHR ZiE 2 HAmOEIEZ R L
TEY., HETITEORIY TROSABEIUTES T
%o Z 2 THRENTY) Y BERZERE L R IEE TH o T2,
FEEOA MBS 597 HRV 13 ERV (2 He~BERVE fR 53
V., FRIZEHER 2 2 hb Iz 6, 20 4 r—ATiE
R 0 BEFRIE ) > HRV DIF TR/ N 727~ (Tabled) .
T 3 COHRGE - REO B2 L 725 SHR=0. 70 %182 %
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Table.2 Annual heating and air conditioning loads in window types and overhang positions

Case Window type Overhang position Case 1 2 3 4 5 6
"1 South, Top Sensible heating load [kwh/m?] 149 148 146 148 147 145
2 | VerticallyLong West, Top Winter |Latent heating load [kWh/m?] 0.3 0.3 0.3 0.3 0.3 0.3
3 ; Total heating load [h] 1925 1904 1877 1913 1904 1866
4 South, Top Sensible cooling load [kwh/mf] 192 191 195 190 190 194

5 Square West, Top Summer |Latent cooling load [kWh/m?] 38 38 38 38 38 38
6 . Total cooling load [h] 2485 2488 2505 2484 2476 2498
Accumulated conditioning cost [jpy] 18,812 18,717 18,848 18,665 18,616 18,738

250
_-—-G.SQ (NoOV) n_ 6/22 {[—Black —White
—3.VL (NoOV) AN = 200 A
—1.VL (OV: S,T) / £ :
l---asQ(V:sT) pr; Z 150 |
|---58Q@OV:wT) X 100 |
|—2veovwn i ]
=~ 3 = il
/ T 0 JWYUHIHUVAULRTE, ‘ ‘M|,HJ| uuuuu
—— — = -50 ‘
3 6 9 12 18 21 71 7111 7121 7131
Time (h) Time [m/d]

Fig.5 Overhang position (Case.1)

Fig.6 Hourly solar gains for SW windows on the summer solstice Fig.7 Heat Fluxes for SW exterior surfaces
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IRB Verlag, 1995.
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Latent Cooling Load (kW)
(-]
(3]

J:(:ﬁ’%‘i LTW5 00 05 10 15 20 2500 05 15 20 25
B ° Sensible Cooling Load (kW)  Sensible Cooling Load (kW)
Table4 HRV and ERV effects on Annual heating and air £ 15 Air layer, ERV Wood fiber, ERV
ditioning loads with different moisture bufferi i g [ SHR = 0.45 (91.7%) SHR = 0.45 (92.2%)
conditioning loads wi 1Terent moisture outi€rig capacitics _a 10 - -.SHR =070 (847%) ]--- SHR = 0.70 (85.2%)
ALHR+BP ALER WF,HR+BP WF,ER a |l SHR = 0.86 (LSF) —— SHR = 0.86 (LSF)
SHL [kWh/m?] 12.1 14.9 11.9 14.8 ) S -7 R -
Winter | LHL [kWh/m?] 0.9 0.3 0.7 0.1 =8
THL [h] 1678 1925 1660 1901 [&] .
SCL [kWh/mz] 17.2 19.2 17.1 19.2 E 00 05 10 15 20 250 05 10 15 20 25
Summer| LCL [kwhim?] 4.9 3.8 46 35 L Sensble Codling Load (kW)  Sensible Cooling Load (kW)
TCL [h] 2190 2485 2137 2473
AC cost [jpy] 17,361 18,812 16,945 18,557 Fig.10 Relations between sensible and latent loads in summer
_ 200
Table.3 Annual heating and air conditioning 15l Black White = —HW
loads for exterior surfaces |l =Black_curve - -White_curve % 150 4 —CF
Black  White = —WF
SHL [kWh/m?] 146 180 §100{ FC
Winter | LHL [kWh/m?] 0.3 0.2 - §
= °
THL [h] 1875 2330 & i 8 50 -
SCL [kWh/m?] 19.3 14.4 { g ]
Summer | LCL [kWh/m?] 3.8 3.8 0 d=r———y
TCL [h] 2498 2115 15 by 1 N . . . » 0 20 40 60 80 100
AC cost [jpy] 18,699 17,761 Time [month] Rel. humidity (%)

Fig.8 PMV profiles for exterior surfaces

Fig.9 Sorption isotherm
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- BREWENARIILEEDR - ERMERICET SHR

(£D2) ZHE/WIRBOZE
Hygrothermal Simulations on a High Performing Single Family House with Traditional
Timber Framed Modular Panels (Part 2) Influences of Interzonal Air Flow Networks on Indoor
Hygrothermal Qualities

O Jept Crlfl Tl R

Hideki SHIBAIKE *1

A8 i O LS R F)
Seiji GOKA *1

*1  Kyoto institute of technology

Dynamic hygrothermal simulations occurred between multiple zones in a building which taken into account interzonal

airflow networks are numerically analyzed by using the windows application WUFI® Plus with the airflow function.

Influences of buoyancy. wind directions and velocities, and mechanical fans with the energy or heat recovery function as

well are all investigated in the computations successfully. The computational object is a one story high performing house

with traditional timber framed modular panels that will be constructed in Choshi. Quantitative evaluations on sensible and

latent heat components of air conditioning loads are compared for mechanical ventilation systems including ERV and HRV.
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WREIE BN BERIEIRCEIN ST — 2 & LThH %
BB « JEGEITRAT L, B T4 - 285Uk O Rk
L LT MRS D, ZEEOIEEFEL WA - 255
MEIR A SAETHITX 5 Windows 77V 77— 3 o WUFIe
Plus Clf, ZHEHSEIRHREIC LY | @F O - X
R & RIREC A R AR S R TRR T TE 5,
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I XL DR BN HRE S LC3Esn g Y,
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BTEEETMIEL T, BYOIEEFE - BX - ZXE
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2 - R O EEL - R - ZEREMERICE 2 DR
FRET 5, AT, BHENG 2\ BN RS A e o e
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KOOI B ERERF AR L, 0 K LEHR R S5
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Fig.1 Overview of the model house in WUFI® Plus 3.2
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7. FEEE ORI CHRZE R OB EE AT 5HE
(T, WA R T DR R E TR EF, 2RI T2,
BN IT A TRE TR B X D, B Do
F AT 52, SR TR EE N EARUE L, EEE
DR & BT 2 B LR L 25 Tk
BRI %KD %, BB Zdi 2 E R R T, A
SRR 2 Tl 2~ & SRAI TR 9%, A RO
PRIRAFCIRT 5 /37 A — 2 —FpEfE% Tabled |23, K
e R BE EPNEBESEOA LS OBESRIT, Orme
(1999) 4k E (ZHASWTRAE L, SMUTBI LTl
(£2D 1) VOB LIEREMRRRER RICHE L Th 27,

4. BMEEH

FHEIM, SRR GG, NEREATIE, & THIER (20
1) VERURREL Liz, MKUEE L LCd, 2R
%1 FER S AT A (BRV), A RA[EIEKO B 2 TEENA]

Table.1 Airflow parameters adopted in WUFI® Plus 3.2

Building Component Airflow parameters Related to
Exterior walls Flow coefficient 0.711 dm*/(s m* Pan); Flow exponent 0.035 Wall area
Inner walls Flow coefficient 0.52 dm*/(s m® Pan); Flow exponent 0.67 Wall area
Floor Flow coefficient 0.52 dm*/(s m? Pan); Flow exponent 0.67 Crowl zone
Roofing Flow coefficient 0.012 dm*/(s m2 Pan)Flow exponent 0.65 Roof sides
Windows, closed Flow coefficient 0.001 dm*/(s m® Pan); Flow exponent 0.711 Joint length

Windows, open

Discharge coefficient 0.6; not specified in cases

Opening area

Duct Cross sectional area 0.01 m?; Hydraulic diameter 0.056 m
Roughness dimension 0.15 mm dynamic loss coefficient 0
Table.2 Annual air conditioning loads for upstream three zones with Energy, Heat or No Recovery Ventilation Systems
Zones | Performance items \ Cases — AF_ERV AF_HRV AF_BV NoAF_ERV NoAF_HRV  NoAF_ BV
Sensible heating load [kWh/m?] 3.9 6.3 7.0 46 3.6 8.2
Latent heating load [kWh/m?] 0.2 0.2 0.2 0.1 0.3 0.3
L g [TOt! heating time [h] " 20932 " 3006 | 38651 3203 3045 3873
Sensible cooling load [kWh/m?] 15 1.6 1.3 1.3 1.4 1.1
Latent cooling load [kWh/m?] 1.0 1.0 1.1 0.8 1.0 1.3
Total cooling time [h] 1890 2028 1453 1467 1596 1155
Sensible heating load [kWh/m?] 15 3.4 3.7 1.6 1.0 4.1
Latent heating load [kWh/m?] 0.1 0.1 0.1 0.1 0.2 0.2
L gr |Tot! heating time h] " 1832 " 2456 © 2816 1999 1591 | 2991
Sensible cooling load [kWh/m?] 2.9 3.1 23 2.3 25 1.9
Latent cooling load [kWh/m?] 11 1.1 1.2 0.8 1.0 1.1
Total cooling time [h] 2784 2939 2097 1993 2171 1558
Sensible heating load [kWh/m?] 6.1 10.8 11.7 25.5 23.0 33.7
Latent heating load [kWh/m?] 0.4 0.4 0.4 2.1 2.4 2.4
4 Lok | Total heating time- [h] " 1749 7 2328 " 2635 7 3426 3273 | 3798
Sensible cooling load [kWh/m?] 8.9 9.3 7.3 6.1 5.5 5.5
Latent cooling load [kWh/m?] 2.2 2.2 2.3 5.6 6.0 7.0
Total cooling time [h] 2374 2456 1818 1353 1423 1141
Accumulated conditioning cost [jpy] 14,722 19,224 18,486 24,249 23,099 31,713




A-31

5 1 FEHAS S AT A (HRV) SRS 1 fES S AT A
(BV), BSNERI @ SRR % 3 RO 3 s A
= 2 (EVH: - -FL+2875mm, EVM: - -FL+1435mm, EVM:- - -FL+300mm)
Ze AFM CRa L7z, 7272 L. HRV ORI L/ S A 7S A A& D
TEERE S —E & Uiz, ARMEHRLIZAH VM= SA (NBV TliZ 0A)
77 3L OWRA (NBV, EVH, EVN, EVL TIZEA) 77 ®
FeMEdiiR A . # 4 Fig2 | T, 7eds, | EREED
BENRNZNEE, 2SR ORER - I, =7 2 > OFESIHE
B G  BR (F0 1) VERUREE L

5. AtEHER

ERV. HRV, [EUHE B 1 FRHASUEER (BV) 12 K 2 ik 3 =8
TOZEFRICHE L 72 HHEF OB L O AN 2
Table.2 |Z7%7, 7272 L. ERV,HRV OFFEHEEIT. 2YalY
DN BY OFER (BA) KRS LRDIZAAR (SA) i -
TREERERY A2 WA & L C, RIERHEORR (SA) i - i
FERFRANZ AR U, 480 IR LEFECIOR S THY | 34
[EIOME D I UARIE L5 (SA) BERIINICE D HDOTH

ZESRRRAN - A L T S
TR ERE R Aol (2020.3.9)

R NURD i, B Z 3 H 2 &4 3 HIH
[ZOWTC, R EETH 5 LK TOIR - IELH) % Figd
(2 B TR E 725 WIC TR « IBEZHh % Fig.s (045 %
T, AFM OFFEAERIT, KE THRE OEKHFERDIK
BES D IEHE FHR OIS T DERITHAT, BfiEA~0
FaEDSE 2 D72, ZEMAGHTHIN L, TIt=EDIR - 17
FEREREIIHNT D 2 &R L,

6.FLH

Al <V LiEE WS ERE CEEET /U
LT, @BoIEE i - iR - 25 EMRREFIE L, B
& DT RENANRHA SRR, BEIEE L o0 1 S D
VNIES 3 FEMARUIEE DER S a . ERICAE L 5l
SUROE S, FELGHAN (R - B T -
AR - ZEVEMRIRIC G- 2 D58 % it Lie, FRIC, ERV B
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TRERERYIOME Y K UFHRIEO TR Z R LT,

B. HRV OHER (EA) T SRR AIOF AT TR e Supply [P
SEFREDTITR L et DRSO A Fig3 200 | " oy
(RT3 EIRREEOMR Y IR LEHHCHER (BA) RERFIITIN .
RHLUTERELTEY, ERV bEERICHR L T2, :
Fo. BRRKAEINRRD 3 FEEON 3 ik = 100
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200
Table.3 Annual air conditioning loads for upstream three zones Exhaust *&13‘
with three Exhaust Ventilation Systems 1504 = & LDK
Zones | Performance items \ Cases — AF EVL AF EVM AF_EVH E e
Sensible heating load [kWh/m?] 10.1 9.6 9.6 g 100 1
Latent heating load [kWh/m?] 0.5 0.4 0.4 %
Total heating time [h] 3878 3907 4014 E 50
1.MBR
Sensible cooling load [kWh/m?] 12 12 12
Latent cooling load [kWh/m?] 1.7 1.7 1.8 0 0 . Pl 2
Total cooling time [h] 1274 1283 1292 Volumetric Airflow Rate (L/s)
Sensible heating load [KWh/m’] 6.8 6.2 5.6 Fig.2 Performance curves for fans
Latent heating load [kWh/m?] 0.3 0.3 0.3
, g |10l heatingtime_[hJ [ 3483 3411 3237 ot
Sensible cooling load [kWh/m?] 2.0 2.0 21 <
Latent cooling load [kKWh/m?] 1.6 1.6 16 -\‘Z 0.1
Total cooling load [h] 1773 1842 1964 =
Sensible heating load [kKWh/m?] 12.4 12.0 12.2 53, 0.01
Latent heating load [kWh/m?] 0.6 0.5 0.5 -
Total heating [h] [ 2791 7 2150 T 2141 -
3.LDK
Sensible cooling load [KWh/m?] 6.8 6.8 6.8 0.001
Latent cooling load [kWh/m?] 2.3 2.3 2.3 0.001 OB Re(;éual ) 10
Total cooling load [h] 1661 1676 1680
Accumulated conditioning cost Ljpy] 22105 21,365 21,254 Fig3 Convergence on EA residuals for HRV
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Fundamental Study on CFD Simulation of Convective Heat Transfer Coefficient and
Static Pressure on Skin Surface
OBk H# B M (fEHFRF) A B (EIHERE)
Yoshihisa MOMOI*1  Shin YAMAMOTO*1

*1  University of Fukui

In an air-conditioned room, the airflow is an environmental factor that strongly affects the thermal sensation of a person,
and it is very important to accurately predict the airflow around the human body. In this paper, CFD simulation on the

pressure and heat flux on the human body surface was conducted and the effect of the surface mesh and the turbulence

model on the accuracy of the calculation was examined.
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Fig.1 Analytical domain

Table 1 Area and temperature of body surface

Whole| Head | Chest | Back |F.Previs|B.Previs
VM [n?] [ 1.652 | 0.138 | 0.186 | 0.155 | 0.051 | 0.136
TM[n¥] | 1.525 | 0.119 | 0.168 | 0.190 | 0.067 | 0.089
Temp [C]| 34.4 35.7 350 | 353 35.0 34.7
L.Shoul| L.Arm | L.Hand| L.Thigh L.Leg| L.Foot
VM [n#] | 0.071 | 0.061 | 0.036 | 0.165 | 0.112 | 0.048

TM [nf] | 0.074 [ 0.052 | 0.037 [ 0.108 | 0.115 | 0.062 VM
Temp [C]| 350 | 33.8 | 348 | 33.6 | 33.1 | 355 (2) Back
R.Shoul| R.Arm | R.Hand R.Thigh R.Leg| R.Foot .
VM [nf] | 0.071 | 0.061 | 0.036 | 0.165 | 0.112 | 0.048 Fig.2 Human shape and
TM [n?] | 0.074 | 0.052 | 0.037 | 0.108 | 0.115 | 0.062
Temp [C]| 34.9 34.0 35.0 33.7 332 35.7 bOdy Segments
Table 2 Simulation conditions
CFD Code Cradle SCRY U/Tetra V14
Algorithm SIMPLEC
U=1.0 m/s, T=28.0°C
Inflow Boundary TE0 % = 120 % -
£=0.0001, £=0.0001 | k=3/2(UTI), e=C,x k** /I
C,=0.09, /=1.4m
Outflow Boundary P=0 Pa
Wall and Human Body Boundary | Velocity: noslip, Temperature: measured value

Table 3 Calculation cases

Human body shape Virtual Manikin

Thickness of the first mesh 0.25mm 0.50mm

for boudary layer

Number of layers 4 [ 111412026 4 9 |14 ] 20
Toal thickness of boudary layer|1.16 |4.63| 6.99| 14.3[27.3|4.74|6.79| 14.0| 28.6
Averaged y for whole body 1.79]1.68]1.68]1.67[1.67|3.27|3.25[3.24| 3.24
Number of total meshes 55million 25million
Expansion ratio of meshes 1.1
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Table 4 Simulation conditions

|

Fig.3 Mesh and octree layout
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Algorithm Steady flow Unsteady flow
Low-Re k-¢ (AKN)
SST k-o LES (DSM: Dynamic

Turbulence model RNG koe Smagorinsky Model)
Realizable k-&

Time step — 0.004s (250Hz)

Discretizatign scheme QUICK

for convection term

Number of total meshes 30million

Table 5 Calculation cases

Case-FO [ Case-U0 Case-F10 | Case-U10
Foward [ Upper Foward [ Upper
Turbulent Intensity 0% 10 %

Airflow direction
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Case-F0: CHTC Case-U0: CHTC Case-FO0: Static Pressure Case-UQ: Static Pressure
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Fig.6 Distributions of CHTC and static pressure on human body surface (TI=0%)
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Fig.7 Area weighted average profile of temperature and static pressure for each human body surface (TT=0%)
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Study on the Compatibility between | mprovement of I ntellectual Productivity and Energy Saving
in Complex Indoor Environment Conditions- Part 2 Comparative Analysisfor Evaluation results
of Before and After Air-Conditioning Renovation in the Actual Office Space
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The authors conducted a questionnaire survey and atest of simpletask to consider the effect on productivity and wellness

of indoor physical environment changed by building renovation. As the result of analysis, however productivity was

comparable as there were no major changes in the office room, it was confirmed evaluation on wellness was improved

obviously.
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Some companies have started to improve not only comfort and health of occupants but also workplace productivity. It

is necessary to clarify the relationship between the indoor environment and workplace performance, but the physiological

responses of occupants toward the indoor environment are still not clear. This study ultimately aims to examine the

psychological and physiological effects of the indoor environment on workplace productivity. This study focused on the

break time between office work in terms of effect of the relaxation on workplace productivity. In addition, the lavender

essential oil was atomized during break time.
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Experimental Study of Productivity and Environment of Occupied Zone

in the Building with Intermediate Space
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Intermediate space is connect outside and inside and it enables to adjust environment of occupied zone. To clarify

significance of Intermediate space, practical experiment of productivity and self environment selection was done in the

building with Intermediate space. The character of Intermediate space has possibility to adopt as ABW and place which can

promote resident's self environment selection.
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Effect of Aroma on Attention in Learning
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It is very practical if the diffused aroma recover our concentration in learning. Twelve participants performed the mental

work which was reading review papers assuming learning situations. In the first part of reading phase, no aroma was

diffused in the experimental room. In the middle break and the second phase, aromas those were the pink grapefruit, the

spearmint and the vetiver were diffused. It was investigated about the achievement rate, the error rate, the number of

eyeblink and psychological votes. Consequently, it was revealed that the hedonics evaluation of aroma might be effected

on the achievement rate of mental work and the concentration.
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Evaluation of Adaptation
and Effect of Intermittently Sprayed Aroma on Mental Work Performance
(Partl) Index of Adaptation Based on Real Time Intensity Evaluation
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Koki MINAMIDA™ Akihisa TAKEMURA"™ Yuta WAKIYAMA™
Yasuyo SUGIMOTO™ Hikaru NANATSUKA"™
*1 Setsunan University *2 Panasonic Ecology Systems Co., Ltd.

Exposed aroma at interval so as to feel all the time, due to this will be able to improve mental work performance.

Therefore, the method of aroma exposure which could reduce the adaptation was considered. The experiments were

carried out conditions in which different concentrations and different intervals between aroma sprays. Real time intensity

evaluation was approximated based on exponential function, thus it converged to constant term. Constant term was

considered as adaptation index. Conseguently, higher concentration condition and longer interval condition resulted in high

intensity evaluation.
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Evaluation of Adaptation
and Effect of Intermittently Sprayed Aroma on Mental Work Performance
(Part2) Investigation of d2 Test, Mood Evaluation, Flicker Value and Salivary Amylase
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It must be meaningful for improving the workplace environment to make the occupants keep feeling the good fragrance.
Therefore, we looked at the effect of the interval exposion on the olfactory adaptation. In this report, indexes of mental
work performance, moods, mental exhaustion and stress were compared among conditions those had three different
intervals and three different concentrations. It was revealed that percentage of achievement might be effected by aromas
and their sprayed interval. Flicker value was also better effected by interval exposure. There was almost no difference
about evaluation of moods and salivary amylase value.
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Learning Performance in Odor Environment with Aroma Oils

(Part3) Influence of Aroma Qils on Evaluation of Impression and Indoor Environment
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Recently, the psychological and the physiological effects of the essential oils have been widely

researched in various fields. The purpose of this research is to examine that if odor environment given

by essential oils has positive effects on learning performance. In this paper, the influence of rosemary,

lemon and peppermint essential oils is investigated using the subjective evaluation. As a result, panels

tended to like the odor environment of essential oils, but they feel unacceptable to utillize in lecture room.
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The purpose of this research is to examine if the odor environment of essential oils has a positive influence on learning
performance. Experiments were carried out with ninety-one participants using three kinds of essential oils with different
preference: rosemary, lemon and peppermint. In order to assess the learning performance, the reading task and word
memory task were utilized. The score of each task was then analyzed considering the difference in individual ability.

Additionally, the relationship between the subjective evaluation and learning performance was also investigated.
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