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The verification of vertical temperature distribution inside elevator shaft for glass-bounded observation
(planning design stage)
In case of Amarube crystal tower (The 1st report)
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The elevator of the Amarube crystal tower (Notation as EV) is 47 meters high outdoors and the EV shaft is three-sided. It is
expected that the thermal load due to summer solar radiation is expected to increase, and it was inferred that it is difficult to meet the
temperature condition (40 ° C. or less) within the EV shaft in response to only natural ventilation. In order to satisfy the temperature
condition inside the EV shaft (-5 to 40 ° C), we proposed "Hybrid Ventilation™ which combines natural ventilation and mechanical
ventilation, and considers energy conservation. It describes its effectiveness from its design method, vertical temperature / airflow

distribution analysis result.
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Tab.1 Comparison of Heat Load Processing in EV Shaft
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Yellow part: Louver (opening ratio 50%)
Fig.5 Solar Heat Load Condition Design Location
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Fig.7.1 Casel: Upper part of the EV shaft
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Consistency of Simulation Analysis Results Based on the Actual Measurement of the
Environment and the Actual Measurement in the Elevator Shaft for the Glass-bounded
Observation In case of Amarube Crystal Tower (2nd Report)
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The elevator of the Amarube crystal tower (Notation as EV) has adopted the "Hybrid Ventilation" method
which combines natural ventilation and mechanical ventilation, and considers energy conservation.
Moreover, design studies utilizing simulation is performed in its design. In this design, design is being
studied using simulation. In this design, we are considering equipment design using simulation. Therefore,
we examined the thermal environment inside the EV shaft during the intermediate period and examined to

improve the accuracy of the design method making use of the simulation based on the result.
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Verification of the Performance of the Water-type Ceiling Radiative Air-conditioning System
which can Select Heat Sources (Part2)

Improvement Effect of Radiative Air-conditioning System by Slab Insulation Refurbishment
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In this paper, we verify the precision accuracy for model experiment by comparing the result of the previously mentioned
experiment. We create analysis model reproducing not only movement of heat and air but also radiant heat transfer. In this
verification, we conduct a CFD analysis using this model. Based on the above, we create a CFD analysis model reproducing
indoor space and slab. We conducted case studies of slab insulation refurbishment. Through the above analysis, we verify

improvement effect of radiative ceiling air-conditioning system.
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Fig.1 CFD analysis model (left: cooling, right: heating)
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Fig.3 Comparison of vertical temperature distribution on y=4.5m (left: cooling, right: heating)
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Fig.6 Breakdown of cooling load (left: case0, center: case3, right: case5)
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?® case3 THHEBFEUZ L > T RFVE FIZEE > Tz
B3, cased TIHRLOLNRL RoloZ & h, IEXNK
FHEICEFR L2 EN00D, ZHUT L0 KA
DY 213W B L, ZEE B2 % 414W B8N L7

(Fig.6), Fig.13 ? case5 |3 case0 & b CHmREDIE S
BhERED IR T%[A E L TWND Z &5,

ZDZEMBAT TWEGE L7z T, RIFmDOAIL
AT 2 & C BRIV L VEGET D 252 D,
33 BEROEBITHER

Fig.11., 12 (ZHEFE R D _E RIREE AT & BN OfTRE SR
BT, RV OEANEE: & REICKT L ONEMlO AT 2
IE, BRERIOARTEHE & LTORLTWD, BER & RS
IR CE TV D,

case0 & 3 DL TlL, A7 7 oWt ARk 5 = &
2 &~ T, case3 ODRHATIREN 1°Cir< EH- Lie—F,
FENIRET Y 12i3d £ 0 EOR R Ao 7 (Figdl),
ZHUFIA T T b 0BARE TIUW BB CTE 72729 Th
% (Fig.10),

case3 & 4 DL ClE ABEDWEWEZ TR L L7 2 & C,
cased D=EPNIEFEN 05°CIZE R Li-micxt L, KHE
IFRZEORECTH - 7= (Figdl), ZIUTEE D B OEATT



A-d44

[T TTT T
0.0 i (s 01

L —,
Fig.9 Temperature wind speed distribution on

0.0

o1

2—17

257

TTTTTEE—— U ||
ZH;-.‘,,‘HJ L-ﬂ“ 0.0 W n's] o 2 wELC L 1)

y=4.5m (left: case O, center: case 3, right: case 5)

257

RAFORT ) MBEOAR

Fig.10 Breakdown of heating load (

===-case0 ===-casel ~==-case2 case3 cased case5

! ) 3,
] \ ) )
3 1 3 {'F 3 3 i
25 75 kN 125 32’1—’
_ V7
Z. )ﬂ N ﬂy 5 7 N 1//
b i =
115 15 4 15 15
@ [
1 1 1 1
i
0.5 0.5 w 0.5 1 0.5
o L V[A]mTm] | 8] | [] , REY
20 22 24 26 28 20 22 24 26 28 30 20 22 24 26 28 30 20 22 24 26 28 30
RE[C] REEC] RBEC) RErC]
Fig.11 Comparison of vertical temperature distribution
75% P 75%
70% | BSOYHR 70% |—cases
Pcase2 casel|  cased 50+ A,
65% -rcase3 65%
# 50 ’t;b———f%qw _ 7%% % case3 .c:;: casel
Eso% 1H60% | 150 B-u. | t10 | case0
ety case4 L " X
55% - t25+9EE 55% case
t25+51 B
50% 50%
05 1.0 15 20 25 3.0 05 1.0 15 20 25 3.0
FHRMRFEW/miK] SRR AEIW/miK]

Fig.13 Comparison of operation efficiency (left: cooling, right: heating)
WE K 400W B Lz Th D (Figl2),
case3 & 5 DE#E T, case5 DRI EIREN 0.6°ClE L
FH L7 (Figll), Fig9 OIRESAMIZE S & case3 (TR
F SRV R ONEAEZE5IREE 7S 26.4°C L@V 73, caseb T
1 246°C LRV, ZDZ ENBHEILIEE ST Z & T,
WE > COERRBEANKIFEIZ EH T 30D, &
72, cased TIXRHEDRHIME T L7272, Rlkr=v
MZ X BRFER DN L= (Figl2), AT 7B 0E,
BATAY 260W B S 4072 2 &I ko TRAER AZE:
75 326W Jib L7= (Fig.10), case5 Tl case0 & bHfiid %
& BB 930W 1 X EHIB X A, Fig.13 7> HIEERE
DIEHZNED 8.7%[0 L LTS Z ED5nd,
PUEDZ L AT TIBGHEITIN A T, RHMmDH
LA EHCT 2 & C, BIEFERNZSETEHEE X

(E#&) x#® 1 ‘#&i (22 AR 3{#? (%) FFE 3{#?
57 ggazok \7 p1%:3 sz 287 1 Iﬁil—/b \? 1243 5w 279 B ﬁ'i:l._jF \#“’&A #5 259 164l
(f#%) w0 L (95#;) aw ﬁ L (i#s) L
<§Vq) ASSUZ:2N REAE <§m> /\*}lz?“)k (e ﬁ <§m> /\*}lz?“l ErT
(ER) 1256 (EA) 1252 510 (ER) 27
4t Hh & ] Py
fia= )| |G Em| | A ()
EEl<it Ll gﬁﬁﬁ BEIHLT 77 ﬁ'ﬁﬁﬁ BEIHLT m |,
E}“iﬂﬁllmﬁﬁ D NRHAORR (2R <§m> €

RAFORT ) MBEOAR

eft: case0, center: case3, right: caseb)

SRV RAL S ERA T kW]

e wE

e mE

case5

t50+H A,

mE wE

case2
125

mE A

case3
t50

¥ HE

case0

E-= 3

mak AH

casel
t10

cased

t25+5h B

Fig.12 Heat balance of heat input and load

Hha,
4. F&H

AHFFE ClE R 22 2 O - &8 % CFD fifhir2e
e LTHELL, AT 7WiEASIEN 5 2 52O T
FRAE U7z, FERIRF O FELM:OMGE CIIREEREE O TN
TR TR 128 T2 B, KTz, T, BRI
EBIZKIFA T TOWEGRIIZIN A, KIF SR DOH L

RO L > T, REERH AT LAOERhFE A=
THIZ L MER ST,

R
1) PERREET FigLIORTHIERA > b (A~D) OWEE LTND
2) ZERBABE: | SRS K o TSR B NI S 7B
3) MR | AR ABR I D BN ABEOFIS
BE3THR

1) EEH ﬂiﬁ%@ﬁﬁ%&*ﬁ#ﬁk&f SHHOVERERRE N OER
ZEPE O (20 1), BARBEZS K2 FEME D2,
p1249~1250, 20154£9 A
2) WAIFED - B A SR ATRE 72 KA KN 25 OV ERERRAE R OMER
ZERE O (Z0 3), ZEKFN - FETFAREFARMRICRE SR
4. 20169
3) ZJHED 2y VT T RE— A% W RAEPAHEIRER 2]
AR (5 3H) CFD Z V2 E /R & K SR LRSI
ETRTIEORT, 2200 - fE LA R HIRRGR . p37-40,

X\
2015.9
4) ZEFIFN KTy 7 SETB IR, HLskaiatt, 2008, ps7
5) ZEKGHFN - WAETR  ZEKGRFEAE ToHETEES 14 iR 1 SRR,

p.86,2010.2



A-45

BEBERERRE LEIRLF—FREETILOMSE

Development of energy demand estimation model in commercial building

Odeft  #ath (KBRS iRk

ARFS 2 CRBRORS) 36 HER] CORBROKR)
Takuya KITAMURA*!

Shun KIMURA*!  Yumei KOU*!

Kosuke IKEDA*!

B CRBRKRY) & @R ORI
M I CRBRS)
Yohei YAMAGUCHI*!

TH #HZ (KBKF)
Bumjoon KIM*!
Yoshiyuki SHIMODA *!

*1 Osaka University

This study attempts to reveal the energy demand structure in commercial buildings. For this purpose, we revealed feature of

facility specifications by logistic regression analysis. Then we developed energy demand estimation model which can

consider the difference of building characteristics such as scale, HVAC system and behavior of people. Finally we estimate

the total energy consumption by multiplying consumption rate and total floor area. The estimated total energy consumption

of commercial buildings in Kinki region was 120PJ/year
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Table. 1 Classification of facility
Heat Source System HVAC system
HVAC system Package Unit System or Multi Air
Conditioning System(PAC/MUL)
Constant Air Volume(CAV)
Variable Air Volume (VAV)
Fun Coil Unit(FCU)
Fun Coil Unit with
Outdoor Handling Unit(FCU+OHU)
Outdoor air System Direct intake
Mixing at AHU
Unitary intake control
Central intake control
Table. 2 Heat Source Systems
Case | Heat Source Energy Source
Name System
EHP Unitary Electric Heat pomp
GHP Gas Heat pomp
B Central Turbo Chiller+Gas Boiller
AB Absorption Chiller+Gas Boiller
ABCH Absorption Chiller and Heater
AHP Air Source Heat Pomp
COM Electric and Gas Combination
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D BRI AR - M TR T — & Y 2, Y
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Table. 3 [ Z[EfAHT TRV =3B 2 g, ARFSE T
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loge 2" = fo+ ) BiXi (1)
k=1
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Table. 3 Predictor variables of logistic regression

Explanatory variable Definition of explanatory variable

Year 1986-1990 Year of completion

Year 1991-1995

Year 1996-2000

Year 2001-2005

Year 2006-

Area cold Area

Avrea east

Avrea west

Specially shop Business category

Food supermarket

General Merchandise store

Department store

Loguw(TFA) Common logarithm of Total Floor Area

Discetralized HVAC Heat source system

Centralized HVYAC

Connected to DHC

2. 2 PE¥MERICBT B ZeHRmER R
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FEIRIZ IS PAOMUL oA &< 1ERHE
FEOBENNZ - TERARNBD LT, £, [Eifeik
MO A—3— L il L CTHEIGIZIBUV T VAV O
FENE < HE Tl FCU OFAZRNIEFE IR & HE
iz,

100%
0% B FCU+OHU
L 60% BFCU
g 0% VAV
0% BCAV
0% mPAC\MUL

34363839404143444547
Logio(TFA)
Fig. 1 Adoption rate of HVAC systems
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Fig. 3 Adoption rate of Heat source system
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Fig. 4 Adoption rate of Heat source
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Table. 4 Architectural Specification of representative models

Category Business category Total Number
Number Floor of Floor
Area
RI1 ConvenienceStore 183 m? 1
R2 SpecialityShop 110 n? 1
R3 HomeCenter 7,231 m? 1
R4 HousingClothingSuper | 6,000 m? 2
RS ConvenienceDrug 892 1
R6 SuperDrugStore 2,462 m? 1
R7 SmallGrocery 1,262 m? 1
RS MediumGrocery 2,308 m? 1
R9 LargeGrocery 3,846 m? 1
R10 SmallGeneral 9,538 m? 3
R11 MediumGeneral 27,273 m? 3
R12 LargeGeneral 92,727 m? 4
R13 MediumDepartment 32,727 8
R14 LargeDepartment 76,364 12
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Fig. 5 Annual Primary Energy Consumption by Business category
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Fig. 6 Facility stock of HVAC system
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Fig. 7 Facility stock of Heat Source system
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Fig. 8 Total annual primary energy consumption in Kinki area

5. £&®
PSRN RR DFERECREULAR, ARAfAR. b s
EEE LRV —REET VOB LTV, UTkE
DM IR AT —HEBOHEG 21T - 7o, PHERR
DT R)LF—HRITERR CE DR E RN RE < i
D, EEH LTS RRD T LA LI >
oo ATHEFENZ I 2 BRI R DA — IR =R L —H
I3 120P) EHERF S AL, BRIASCZER AR O = R L —iH
BENZNZ BB ST, AT TR L=
RIVX—TREE T VTP OISO D2 b3 R T ]
BEOT RN X —FHEIC KT THEL ERLTE D7D,
BT ARG LT2568 O 3L X — I HI R 2 E
BT 5 ZENARETH D,
# e
AN ISPS BHFEY TP16H04463 DBIRLA S22 D Th 5,
% & Mk
1) Swan LG., Ugursal V. 2009. Modeling of end-use energy
consumption in the residential sector: A review of modeling
techniques. Renewable and Sustainable Energy Reviews, vol 13,
pp. 1819-1835.
2) H & MR L 1B BT I 2 2B X
GYDBRTE, AERAHRN - B L R TGRSO 2013
3) —MRAEEIENRERMENE S R IRET — ¥
ELPAC2010
4) —FLENEN BARY 27 F 7 Vi s SRS OBR
EERSET— &~ — X 2006 4FEE~2008 T — X
5) BEAL ORI kY 7 AL T TR L F—
TREET VOB, 29 Mlm L F— AT A - 05 - B
Fiar 7y Lo AEGERSUE, 2013
6)  YusukeSuzuki, Analysis and Modeling of Energy Demand of
Retail Stores, Proceedings of Building Simulation 2011, pp. 1824-
1831
7 RRRPENEA - RR 26 FEPEFERRT



A-46

PHCIRBCHAR D B 5 B PERR IS B3 2 ARS8
- PRI K D ISR 0 BT F BRI -
Research on Reflection Performance of Folded Plate
— Expression Effects of Anisotropy Reflectance by Folded Plate Shape —
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Kodai NAGAME*! Masatoshi NISHIOKA*! Minako NABESHIMA**
*1 Osaka City University

A reflection technique that can change the performance of reflecting solar radiation such as solar radiation absorptivity rate

while controlling the direction of reflection is required, as a method for controlling heat island phenomenon and the

cooling and heating load in summer and winter. In this paper, focusing on the folded plate, numerical simulation revealed

the influence of the shape of the reflector and the material of the reflective surface on the performance of reflecting solar

radiation. As a result, it is possible to change the solar radiation absorptivity rate by 27% in the south and reflect the

sunlight upwards.
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s 2
p BRDF kg  Diffuse reflectivity
ks :Specular reflectivity n :Phong parameter

BT I
Fig3 1:1type Fig4 1:2type Fig5 1:3type
6,¢9) = (a cos\/a, 21 fz) ?)
(@ ¢) = (acosg ™Y, 21 8,) 3)
0 :polar angle 0] :azimuthal angle
&,&,  :uniform stochastic variables over the interval [0,1]
a :the angle between the perfect specular reflective direction and
the out going direction
0<&<ky :Diffuse reflectivity
kg <é3 <kg+ks :Specular reflectivity (@)
kg t+tkhks<é3<1 :Absorption

Table.1 Reflective material parameters
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Black absorbing surface 0.09 0 —
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Fig.6  Opening surface

Fig.7 Injection point

Fig.8 Receiving surface Fig.9 Periodic interface
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Table.3 Construction of reflective surface material

Name Reflective surface 1 Reflective surface 11
w/B White diffusion surface Black absorbing surface
MIRO/B Aluminum bright surface | Black absorbing surface
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Ain = - (5)
Nin
N,
Pup = th (6)
a;, :Solar absorptivity Pup  Upward reflectivity
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Pground = g;;un 0
L
Nwau
Pwall = % (®
Napsorp
oy = e o

Pgrouna : Ground reflectivity Pwan - Opposing wall reflectivity

a;n - Receiving surface absorptivity

Table4 Calculation condition and case study

Number of particles 8120 pieces
Angel of incidence 30° 50° 70°
Reflector shape 1:1type 1:2type | 1:3type
Reflective surface material w/B Wiw MIRO/B
z z
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Fig.15 Periodic interface
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Energy saving effect by thermal interchanging system among two buildings in built-up area

O# Bk 2 (A K¥) bk B R (PR
GengCheng Lin*! Hideki TAKEBAYASHI*
*1K obe University

Energy-saving effect by the thermal interchanging system among two buildings, which uses optimum heat sources in
those buildings, is evaluated by the energy simulation. Objective buildings for office, commercial, hotel use are selected
from Sannomiya district in the center of Kobe city. Hourly cooling and heating loads of objective buildings are
calculated by using the energy simulation tool ‘EnergyPlus.” The optimum heat sources are selected based on the
calculation results of cooling and heating loads. The simulation results of the energy interchanging system among two
buildings are evaluated in comparison with individual case.
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Table.1 Representative building in each building use and scale

Use Scale ] Representative building

Large Office A
Office | Medium Office B
Office C
Smal | Office D

Large Commerce A

Commerce Medium Commerce B

Smal | Commerce G
Hotel Medium Hotel A
House Medium House A

Table.2 Combination case of energy interchanging system

Case Combination

Casel Commerce A + Commerce C
Case? Commerce A + Hotel A
Case3 Commerce B + Hotel A
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Fig.1 Air-conditioning load in commerce buildings
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Fig.2 Air-conditioning load in office buildings

3500 —cooling load
3000 e
2500 ] eating loa
2000 Hotel A
R 1500
11000
500
0 -
FAMTOONONO~ANMITLO~NODNDO —ANM
VOTNODOTN—ONLON—OINTNO 0
MO —OLONOCOTO—LODODNTNTOTONOOM
T ANANOOOT T IO O OO0
hour
2E+10
—cooling load
§1.5E+1O —heating load
S 1E+10 House A
@
o
= 5E+09
0
—O O~ OUOTON OO~ OOTON—O
O M CO 0 000 000 0O 0O
TR OO DO MNME M —LODM
- ANNOOONTITOONO OO~~~
hour

Fig.3 Air-conditioning load in hotel and house building
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ro: BE@EE N (0.2286[m]),

At D REZE (B5[K]),

H o H oy B & O I IKEEm],

k : 0.02+0.0005/d,

f o BRAREL],

g: HHEETOMEE (9.8[m/s7]),

L: EHEORS[m],

n: W TORE QIERE) Tho.

4 BRRGBURATLOEAHR
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7 ERGELY, @EE OB & R
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4.1 FRDBEAHRE

R OB AN F (— IR =L X —H &) % Table.3
|\Z7R9". Commerce A & Commerce C CHliE L 7= 54

(Casel) 1%, BROEEDOENPKE S, FBORE
12720y, Commerce A (Case2) , Commerce B (Case3)
& Hotel A TRl L 7255 3B NIRDB IR TE 5.

Case2 & Case3 DB Rl EICHHHI D5, 6, 9,
10 AIZE LUz, FEH @RIz Figd, 5117,
ALEIC XD — IR F—HEBEOR TR S
5.

Table.3 Annual energy savings by interchanging

Case Individual (GJ) Interchanging (GJ)

Casel 14, 481 14,268 (-1.49%)
Case? 22,570 20,848 (-7.6%)
Cased 16,678 15,680 (-69%)

Eourrent

Hone heat source
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15000 ”
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Fig.4 Primary energy consumption by interchanging in case2
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Fig.5 Primary energy consumption by interchanging in case3

4.2 Case? & Case3 MEVRRLBEDEREN T

A OFEREIX, LLAFNIZH I D.
(DCommerce A, B—Hotel A
@Hotel A—Commerce A, B
Otz L

Commerce B, Commerce A, Hotel A DEJRAFIZ,
Z2h 14,511[MJ], 19,637[MJ], 11,579[MJI] T ¥ ,
Hotel A 1< Commerce A, B £ 0 H/h S it~ T, #h
TERERR DOZhRAFRASE U Ch iU, Hotel A DEHA
BAEADETIE, AMROEWEFIIRZ B L
THEMAT 572, OHotel A—~Commerce A, B 73
Ih, YRR EAH x5 &, @Commerce A, B—Hotel
A L7e%. FIZ, Commerce A, B OERA &4 2
LHE&, Ol Ens.

Case2 & Case3 D H fi- DE s O ERE 2 Table.4,
5127”7 Case2 T, 6 A & 9 HIZAEES Hotel A
DEELBZ D512 <, OCommerce A—Hotel A
OFIEIZ XV 1.7%, @Hotel A—Commerce A Ol
IZR D 5.9%D—RTRNF—{HEEDHIRS L7z
Case3 T, MCommerce B—Hotel A O fliERFf] 1148
<, @Hotel A—Commerce B DFIEIZ L Y 4.9%0—
WL X —{HEEPHR S L. FREmEL T
Case3 L ¥ Case2 DEIAKRENAR=0, —RT RV
F—IHEREOHIBRIRA K E .
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Table.4 Monthly energy savings by interchanging in case2

(DHotel A—>Commerce A @Commerce A—Hotel A @noenergy | Primary energy
interchange consumption
Hour | Amount of energy Reduction of primary Hour | Amount of energy | Reduction of primary Hour(h) of no energy
(h) interchanging (MJ) | energy consumption(MJ) (h) interchanging(MJ) | energy consumption(MJ) interchanging
(MJ)
may 308 1,378,596 234,375 2 23,015 1,922 0 1,775,582
june 299 1,927,383 314,075 50 743,011 33,934 10 3,425,345
september | 251 1,782,995 273,932 109 1,488,605 91,744 0 3,875,426
october 308 1,182,390 180,816 12 145,616 11,475 0 1,672,978
yearly 1661 8,731,101 1,323,810 558 8,111,780 397,785 111 22,569,625
(5.9%) (1.7%)
Table.5 Monthly energy savings by interchanging in case3
(DHotel A—>Commerce B @Commerce B—Hotel A no energy | Primary energy
interchange | consumption of
Hour | Amount of energy Reduction of primary Hour | Amount of energy | Reduction of primary Hour(h) no energy
(h) interchanging (MJ) energy consumption (MJ) | (h) interchanging(MJ) | energy consumption (MJ) interchanging
(MJ)
may 234 959,962 133,723 0 0 0 0 1,328,194
june 230 1,333,171 190,798 27 316,577 17,781 13 2,476,802
september 207 1,360,241 185,020 63 720,048 46,554 10 2,934,884
october 248 878,994 113,294 0 0 0 0 1,181,547
yearly 1289 6,099,555 809,379 300 3,594,526 188,572 183 16,677,675
(4.9%) (1.1%)
5. #ER Bl AR OZEITICH TV HERFHR ST D
FRETT X = X2 361 2 il « B & o TR, SARBHRIC I HRIAVWV.. HEERLE
ﬁ%@%@ﬁm%@ﬁ%ﬁwfﬁﬁ%ﬁ®@%#— R
R ZRRE Lo, ARG & lomis s s LTt
ﬁ%yﬁv~7%aEL,ML%a®ﬁE%%%L SE X
B a2BE LT, BRRED AT AOHANR A 1) Hex ATk, %%%W:%WVi:waaym
LT K DB IS 1T 2 = R LT =B RO
BJR DB D)3 K & Commerce A & Commerce B9 D HFE, %’ipﬂfﬂ - fE T eSS A

C CRE L1 5

4 (Case2, Case3) I3,
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’*ﬁééﬂt Commerce A, B & Hotel A Tl L7~
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AJFRNROFEREE ST LIZ L =4, Case3 Tl

Commerce B—Hotel A Ol
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SCEE, A83, 2017.3
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(£ 1) PHIUS+ 2015 BEZE - T ILEF OMEREFE
Numerical Simulations on Energy and Moisture Control Characteristics
for the High Performance Detached Houses Designed for the Cold Climate Zone
(Partl) Performance Evaluations for the PHIUS+ 2015 Candidate Model

it st Gl sl R
OfA 2 Gl LIkt R )
Hideki SHIBAIKE™

K |

fil Orlh Ll )

Tohru MIZUNOUE™ Mai MATSUMOTO™

"1 Kyoto Institute of Technology

In this paper, a detached timber framed model house with three kinds of building envelop performances on thermal

insulation and airtightness have been examined by using WUFI Plus 3.1, that is, the hygrothermal building simulation

application, on their annual air conditioning load for heating/cooling and humidification/dehumidification as well. The

specified climate data is the AmeDAS reference year of Sapporo. The result on the computational condition with PHIUS+

2015 envelope assemblies devised the balanced ventilation system with the heat recovery circuit (HRV) shows the lowest

sensible load for heating and cooling. However the dehumidification load is greater than the rest of results for the inferior

performances of building envelop assemblies, such that it could assume to install the dedicated dehumidification equipment.
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Figure.l Overview of the model house in WUFI Plus 3.1
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Table.l Thermal performances of building envelop combinations

Part U-VaIue(\N/mzK) UA-VaIue(VV/mZK) Continuous thermal Insulation Cavity Insulation
Roof 0.136 PH*1 50mm GW*2120mm
Wall 0.201 PH 10mm GW 120mm
Standard Base Floor 0.277 0.280 — XPS™ 100mm
Level  Base wall 0.22 PH 50mm XPS 50mm
Window 1.33(SHGC:0.29) — —
Roof 0.136 PH 50mm GW 120mm
) Wall 0.141 PH 50mm GW 120mm
High Base Floor 0.144 0.222 XPS 200mm —
Level  Base wall 0.161 XPS 100mm PH 50mm
Window 1.33(SHGC:0.29) — —
Roof 0.095 PH 110mm GW 120mm
Wall 0.103 PH 100mm GW 120mm
PHIUS Base Floor 0.144 0.156 XPS 200mm —
2015 Base Wall 0.105 XPS 200mm PH 50mm
Window 0.8(SHGC:0.59) — —
PH*: 7 = / /7R — K (EMEESR : A=0019W/M-K)  GW*27 T 27—/ (BYREF : 1=0.032W/m-K)
XPSCHPHIER Y =F Lo 74— A (BMRESE : 2=0.03W/m-K)
Table.2 Computational conditions for cases
Casett Envelop Level C-Value Natural ACH HRV Bypass
(cm?/m?) (U/h) efficiency Ventilation
1 Standard Level 10 0.196 — X
2 Standard Level 10 0.196 0.87 X
3 High Level 0.5 0.098 — X
4 High Level 05 0.098 0.87 X
5 High Level 05 0.098 0.87 O
6 PHIUS 0.5 0.098 — X
7 PHIUS 05 0.098 0.87 X
8 PHIUS 05 0.098 0.87 O
10,920 10,920
| |
[ we
20—t
BE ut e | ]
] il _
o e I O e
o . i
FErd] ElIE= FEfneth
15w pli R SlE|

Figure.2  Floor Plans of the Model House
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Figure.3 Monthly Profiles of Heating and Cooling (Sensible) Loads for Cases
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Table.3 Accumulated Cooling and Dehumidification Loads

Case Bypass  Cooling (kWh) Dehumid. (kwWh)
High Level X 274.72 272.75
High Level O 163.24 431.25

PHIUS+ X 326.77 251.98
PHIUS+ O 146.80 475.62
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Figure4 Bypass Effects on Monthly Profiles of Cooling

and Dehumidification Loads for PHIUS Model
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Figure.5 Tempral Profiles of Indoor Temperature, Cooling and
Dehumidification Loads
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Field Survey and Analysis on Airflow for Air Conditioning Load Control using 10T in an
Underground Mall with Outdoor Opening

Off & & ¥ (FFKRF) ok 3E B (PR
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Iroha FUJIMOTO*!  Hideki TAKEBAYASHI*!  Tsuyoshi NAGAHIRO*!  Hiroyuki SHINDO*?
*1 Kobe University " NIKKEN SEKKEI Research Institute

In recent years, commercial use of underground mall is progressing. In such a space, the energy consumption required
for air conditioning is large, due to a large number of visitors and large outdoor openings. In order to reduce energy
consumption and CO2 emissions in these spaces, we have to control the air conditioning equipments highly efficientlly,
respond to heat load from outside air flowing from large openings and visitor's behavior. In this study, the possibility of
outdoor air cooling is examined by measurement data. Airflow distribution under the natural ventilation condition is
considered based on the CFD results.
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Fig.3 Measument results of supply and exhaust air balance

August

35

Fig.4 Measurement results of vertical air temperature profile at the

center of public passage in representative period in 2017

3. SARABEDFREEDRET
31 A LDNRABHR

MG RSB OINRIET — % 2 AV, HIZ L osh
OB N RTRERFM & 2RI T 2 EIG 2R L. §F
REMTE AT BENED D [EEMIBIT BN
BREE ORI B9 DA 1TSS &, IREIX 17~-28C )
OEBBENKIRLLT, ML 40~80% & &=, A5EEA
AIRERE Y, 8 A 136 W#fi)(19%), 9 HIiX 480 FFfH]
(75%), 10 A 1% 369 FEfH] (58%) & 722-7-. 1REEA 80%
AR Z - HERIE, 9 AT 100 BER, 10 A1C 259 FEf &
0, WEEOKEET 10 H OB AFRERFI VD72 < Ze o7z,

SRR X D BN & @ O BE IR B E
A% Table. 1 12779, HIBENEIT, BN OXIR &AM
m®%LEA77/@mJﬂ£%%LTﬁﬁLK.m
ANTEEE OGN SN TZ 9 100% Z B 2 7.

Table.1 Potential of outside air cooling in each month
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BAOEOBAM L 7 7 v OEERIZ S &, AAK[EAD
B — % Table.2 (ZHEBEL7=. Case3 (Fig.5) @il
BB A SRR OSEIZ, BIO A D BANBEMNA LTz
BRO®B AT Lz, B0 A TOERIE 0.27m/s, AN
JRZ T 2 1mis, B3RV &I U 2 3mis DRt A%
REL, BEANOKIMIRE CFDIZ LV R L.

K25 1.5m TORGESG 4 Fig.6~Fig.8 (277
B AMDIRA L7oAMVRIT, 8O DRI
KV R& BN E R, JRASEDY 0.27mis D355 3B
A 25 120m AT TREEEAS 012720, 1m/s DA 1T
150m, 3m/s DAL 170m TH 72, WTFHOEHAI
BNWTH, HARRK TR OBKIINETH 5.

%1%, BUEOREWETT~O, ROzl <%
7 EOREIZ LD, SNTROEEDMER A RETT 5.

August Table.2 Patterns of outside air cooling
Number of hours available Cas | Cas | Cas | Cas | Cas | Cas | Cas
for outside air cooling [h] 136 Patters el e2 e3 ed eb e6 e7
Average temperature difference 0.9 Natural ventilation | Mechanical ventilation
between inside and outside [C]
Heat load reduction [MJ] 25,058 Ope AlO | X|OlO|lO|lO]|O
Heat load of public passage [MJ] 420,552 ning | o X O Ol o
Ratio[% 6.0
] SA X [ X | X|O|O|x|O
September
Number of hours available 486 Fan | RA | X | X | X | X | O] X O
for outside air cooling [h]
Average temperature difference 31 EA | X X X O X o0
between inside and outside [C] :
Heat load reduction [MJ] 76,977 |
- SA
Heat load of public passage [MJ] 239,059 ﬁ RA EA
Ratio[%] 322 —%
October _
Number of hours available 374 Orln?mng A Opening B
for outside air cooling [h] H VANNYVAN —
Average temperature difference 58 o H
between inside and outside ['C] ' Open H
Heat load reduction [MJ] 142,938 ¥ RA O}l’ﬁ'“
Heat load of public passage [MJ 117,996 =
p passage [MJ] “_4_ VB1FL “
Ratio[%)] 1211 e !

Fig.5 Conditions of fan and opening in Case3

— 120m H

Opening B

Opening A

0.27m/s
Rate 0

L R

0.0000 0.5710

Flow rate[m/s]

Fig.6 Wind velocity distribution when inlet airflow is 0.27 m/s

——

150m

Opening B

Rate 0
0.0000 Flow rate[m/s] 2.0786

Fig.7 Wind velocity distribution when inlet airflow is 1.0 m/s
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170m  pr——

Rate 0
I ] e
0.0000 Flow rate[m/s] 6.1363

Fig.8 Wind velocity distribution when inlet airflow is 3.0 m/s
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Research on performance data analysis for high-efficiency operation of air conditioning
equipment in an underground mall with outdoor openings
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Energy consumption by air conditioning and heating in the underground shopping mall may be large due to many visitors

and large openings to the outdoor. So, the potential to reduce energy and CO2 is large. We analyze the actual data and

grasp the actual state of energy consumption. Furthermore, we analyze the energy saving effect by introducing highly

efficient equipment, by comparing with the past data. And, we analyze the actual condition of production and load heat,

after that we examine the possibility of high efficient operation of heat source.
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DATENRFE A I F 2 72223« WA T35 O B R 23
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JBICXY, BrolCNESNT-T —X 275 LB
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Fig.2 IC K G fiiak DREEREHT & T DA ¥ 2 — )L
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BT =2 EHNTZ R X —H{EED AT,
20174£5~8 H OEET — X # W THE 1, 2R =ED
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passage2(661m?2)
j g, \ Plant room1,2
\ Plant room3

o __ restaurants2(1,150m2)
stores1(2,050m2)

e passagel(2,903m2)
\\\ T stores2(1,140m2)
stores3 stores * restaurants restaurantsl

(2,340m2) (2.020m2) (1,440m2)

Fig.1 Air conditioned areas of objective underground passage

Energy consumption

anglysis N
Calorie and

Heat source

operation
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D B

Air conditioners and Fans,etc Renewed
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analysis Nol

Fig.2 Renew of equipment and analysis periods
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Table.1 Outline of inspection record

Power receiving daily log

Inspection record Monthly power consumption of tenants

Patrol diary

12,000MWh Refrigerators and boiler
= g ] 0,
o) Cooling towers, condensing
10,000MWh water pumps and chilled
water primary pumps
939 Water transports
8,000MWh .
Air transports
6,000MWh Kitchen exhausts
66%
. Ventilation fans
4,000MWh
0 Lighting and small
80% power(public aisle etc.)
2,000MWh
Lighting and small
power(tenants)
OMWh Others(hydraulic pumps and
2013FY 2016FY packaged AC's etc.)

Fig.3 Comparison of annual energy consumption

600kWh/m
m Heat source
500kWh/m m Transportation system
A400kWh/mi i = Lighting and outlet
2 2 Others

300kWh/m

a 8 i
200k Wh/mi 239kWh/m . .

176kWh/rri 3
100k Wh/mi 113kWh/mi
94k Wh/m 81kWh/mi 2
OkWh/mi 49kWh/m
2013FY 2016FY General

commercial facility

Fig.4 Comparison with typical commercial building
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3,000,000M1J
2,500,000M1J
2,000,000M1]

1,500,000M1J 2,736,798 2 628,452

MJ
1,000,000M1J pi
1,312,300

1,038.808 MJ

500,000M1 M

Ml

May June July August

Fig.5 Monthly integrated cooling load in 2017
120,000M]J
100,000MJ ) et
80,000MJ ST
60,000MJ
40,000MJ
20,000MJ

OMJ
0% 20% 40% 60% 80% 100%

Fig.6 Daily relationship between outside relative humidity and cooling
load
120,000MJ
100,000MJ

80,000MJ

60.000MJ
40,000MJ it
20,000MJ

oMJ
0°C 5°C 10°C  15°C  20°C 25°C  30°C 35°C

Fig.7 Daily relation between outside air temperature and cooling load
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R
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.
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wLn
20,000MJ -
OMJ
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Fig.8 Daily relationship between outside enthalpy and cooling load

5. VR AR DS T EEL D A REME D 1R ET

201745 A 25 H (OR) @ 1K & & oSl b
AmEE, AMRE Fig9 | oRd. 1 & oAk
Rh 777 EIOoRT. REE L AnEEO B
BITIZIER U TH DA, 1 = & o3 LT
BoT, AMEBESETANIES L TWD. )
(2, ARG S TANRIESh DS &, Aff
FORNWRFRINAE L 5.

AT IS S TEZBIE L7258 OARPROH
BES L AR % Table.2 |R§. AMFRD 80%A
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ELTZGA D, ARFITxHn Uiz iEis & ARl iBhE S
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T, AMICKRHE LB OS54, ARFEIME <
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Production heat quantity —_ Load heat quantity
Chiller capacity 5/25

6.000MJ 3% 7%62%85%88% 76% 66%67%69%69%75% 7% (THA2% 2%
5,000MJ
4,000MJ
3,000MJ
2,000MJ
1,000MJ
0MJ

Fig.9 Production, load heat and load factor at May 25, 2017

Table.2 Load factor when the heat source operates according to load

Load factor ~80% 81~90% 91%~
May 61% 9% 31%
(530,763MJ) (138,185MJ) (369,859MJ)
June 57% 13% 30%
(564,437MJ) (248,623MJ) (499,239MJ)
July 33% 27% 40%
(458,159MJ) (889,123MJ) (1,389,514MJ)
August 36% 40% 24%
(492,387MJ) (1,326,899MJ) (809,165MJ)
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Table.3 Energy consumption in current case and load responding case

Energy Energy Reduction | Reduction
consumption | consumption amount amount
in operation in current (MWh) (%)
correspondin operation
gto load (Mwh)
(Mwh)
May 115.2 92.3 229 19.8
June 137.8 1140 238 17.2
July 239.1 238.6 05 0.2
August 2253 228.1 2.8 -12
4.5
4
3.5
3
2.5
y =-4.8466x” + 8.7432x
2 R2=0.9955
1.5
1
0.5
0

0% 20% 40% 60% 80% 100% 120%

Fig.10 COP of heat source equipment according to load factor
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CFD Analysis on Unsteady Airflow in Room with Air-conditioner,

Partl Airflow Pattern in Room with Two-way Packaged Air-conditioner
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AR (CRBROR )
AT ORBROR)

Norikazu YASUDA*' Hisashi KOTANI*' Toshio YAMANAKA*' Nahoko NAKAT*'

*! Osaka University

Packaged air-conditioner is widely introduced into buildings in Japan in recent years. Simplified estimate method of

airflow in room with air-conditioner makes energy saving planning more easily effectively. To analyze an unsteady airflow,

analysis in steady-state is needed. The purpose of this study is to make a simplified CFD analysis method which can regard

an unsteady airflow as a steady airflow by using average wind speed and wind direction and turbulence statistics. In this

paper, the airflow pattern of the unsteady airflow in room with air-conditioner was clarified.
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CFD Analysis on Unsteady Airflow in Room with Air-conditioner
Part2.CFD Calculation Method for Unsteady Airflow by Steady-state Analysis
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Many building service designers predict to airflow pattern in room for the optimization of the diffuser layout design.
Today, they often use CFD analysis. However, there are some problems. One of them is too much computational time. I
focus on airflow from Air-Conditioner. This makes unsteady airflow, so they calculate by Unstedy-state Analysis. In this
paper, I study about calculation mothods by steady-state analysis to cut down computational time.
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Table2 CFD Condition in Unsteady-state Analysis

CED Code ANSYS FLUENT 17.2
Finite Difference Scheme QUICK
Alogritjm SIMPLE
Turbulent Model Standard k-¢ model
Near-Wall treatment Enhanced Wall Treatment
Turblent Intensity 26%
Turblent Length Scale 17mm
Inlet Velocity 5.4m/s
Time Step 0.01s
Number of Time Steps 1200
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Table3 CFD Condition in Steady-state Analysis

CFD Code ANSYS FLUENT 17.2
Finite Difference Scheme Second-order Upwind
Alogritjm SIMPLE
Turbulent Model Standard k-¢ model
Near-Wall treatment Enhanced Wall Treatment
Turblent Intensity 26%
Turblent Length Scale 17mm
Inlet Velocity 5.4m/s
Supply Direction 40°
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Table 4 Analysis Cases (4.2)

Alm?] b[mm] v [m/s]
casel 0.012 20 5.4
case2 0.024 40 2.7
case3 0.048 80 1.35
case4 0.06 100 1.08
case5 0.072 120 0.9
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Table 5 Analysis Cases (4.3)
1[%] L [mm]
case4-1 2.6 17
case4-2 26 17
case4-3 2.6 170
case4-4 26 170
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This paper describes the effect of reducing the energy consumption of the heating system by changing the

cold-water supply temperature.

IZL®IZ

1970 4ELIRTL Y 225 AT LD Td D HRER
FHR (e I VEYEFANL, =R AT
FUAEO R I EHERBA T 4 AV EHILNTEE <
BHAINTWA, 7 4 AL ETELEEHASLTH
DI AT ME, RiRAE 22~26°CICE>7-0I12, Hi
X TCLLFD®mK, &% 45°CLL EDIRKEEY | 223
DOIRH 7 SIS EE K E 2 Ll k> C2El %
1To08, BRHER O/ MRE 2 S D7 THIEE K]
&I D & T AR ER O T2 D mERAL N ATRE & 7R D,
AMFZE CIIE S OKIRE A 2 bS5 2 & T, B
TR AT DARD 3L —HE B O BEIR 2R
Do

1 Y2alL—v3ary—iL

RRFZECIE, FATET BT DB AT LOWE
B R AR 572512, LCEM Y —/L Ver3.10 % (i
L. BT — REFIA LIRS 21T o7z, Attt

A 11 iﬂ 7k Ka —Rr ]
&14: FS5— RoT '1'/7
x&Ft2tvb — %@l
BREMH
—R
2t H F— H HoT
xgt6tvh

1 BIETIL

BB AT eSS4 =
KAFS— AERESI160RT 2
MENE AEEEH185RT 2
—REKRT 1610L/min X 11kW 2
ZAHPFS— | E#ES25.8RT X 9IM 6
—RKR T 260L/min X 3.7kW X 9M 6
RS 34551 /min X 30kW 5

®1 RV AT LSRR

WK & L, ZERREFEAYY 50,000 miDEfEA~7 AL
NWEFE L, BURS AT LAORMTET VAR LT,

B AT AOFNTET VER TITR L, 2RV AT A
BRI AR 1 ITRT, RS AT NIk TF 7 —2 7
LLEBTF T —6 B E LTV D, BURY 2T A3
REGRME L MBS CHIRIRI R 21TV RS
BB RTE— RE2RE LTz, LCEM Y —/UZRiT5
KIRO AR A fifE— K&K 2 (R T, 28X

8 Rf~20 WfD /XK — 2 %9 %, 1201h 7*5 1600h O
KENZRBWCTHEAM 0 LLT & 72508, ENEAAT &4
KEAMOEELVEEIN TR, ENAMITH D%
KAMMBHEIE LTHE L QD Z L 2T, AlRlidd
R AT BEW D 728, EBNAM VAR OE RN
0 LU F ORIV A 2 B8 LT iEZ Om B AR T
MEET 5. mEAMIIIEERALTE— FOAMRIZ

MICRO-PEAK (T & 2 BEE M FH I TR B L=

ERFOER v — 7 Btz g U R Ebto

5,000 35.0

30.0

*

4,000 *~s "
o0
3,000 - 1 ® 25.0
Hoo, *°e .
2,000 - oo o6 20
[ Y ° o

1,000 - s -Il—r—04 15.0

B [kWh]
HRURE[C]

nE

A
7
o

-1,000 —+ 5.0

-2,000 0.0

h
AREH (AR n AFEEE HER)

* S RELERIRE o S SUTBKIREE
2 AREREREHE—F (KR)



E-5

3 FKEBEZLFIZEEDI X T L COP #F

(1) fEtTSEY

BRSSO DR 2D BRI, BYRS AT LDAE
MWHEEIEN ED X I ITHERE T2 05T 5, TSR
a3 21T, BKIBEIZTC~9CL L, HOiEEL
B DHIFEREZEE/NS LLADREZES LTV,

(2) fEMTHER

Casel DFAFIZBNT, FHOBHT AT AOVHETE
NEEFEE L, FHREEREZR IR, £5MCBT
LIHEENEOMILE 3, K4 (T, BYROKK
H RN EE DI :fmf WEB I JITERT D03, 2
R AT LOVHEE N =ITBEMIZR D, 2k b,
2 aiéﬂqﬁfg“%.m&bé_é: i3 BYRS AT ADE
HERIEHRI W 535 Z LR D,

&2 FEASEMH (CASED)

4 7K ZEEKR R Hil{En (VWT)

(1) fEMTEM

i O NIRE A FMEZE U T—E LT 2%5
& BERFOARERITIN U TED D Im7K rI 2816 /K IR EEH)
fHI(VWT : Valuable Water Temperature) 2171 9 A& DEk
W AT AOFRNEEE &5 ik U=, st 23R
4 1 TRY, Case2-1 [T IREZFERB LT 9CL L,
Case2-2 [FAMRIIIL U THMBEZ 2 STV D,
BEZIINTIOSRME 5CE L,

(2) fEMTHRER

Case2-1, Case2-1 DSAFIZIWNT, FROERT AT
ADO—REFNFX—HEEZEI Lz, FEEREEZX 5
R, BT T —EIEABIIREK 4 Ao TND,
2T 7 —OFEEEIIAE E— 7 AR HEE LT
57 A RIS TIIBEIT 2 KRN EZ 2 Hivd,
WoEE ) ITmARA D « RN U D780, &5:44
TZIFNS, CASE2-2 Tid, MAKHIMRERNEE S
Z & TERERD COP 23A) L LB S AT A fRDTE
HENEZINZ TND,

5 BRDEER COP ZEE L&k
(1) T
—fkiz, 22 HP F 7 —13AmEME T35 & COP
iR F'U:T%)*B PRRIRECEN T D, mRhR2%n HP
&4 FENEH (CASE2)

CASE [CASE |CASE
1-1 -2 |1-3
HORE[C] 7 8 9
ADRE[C] 15 14 13
REZE[C] 8 7 6
8000 +—— ———
7,000 ~l—.—r AR EE
6.000 _ mZERFIF—NO6+1RP
s 2AFS—NO5+LRP
X, 5,000 -
ol B ZERF5—NO4A+1RP
%‘%4000 - B 224 FS5—NO3+1RP
m 3,000 uZEAFS—NO2+1KP
2000 - mESF5—NOL+1RP
' B KAFS—NO2+1RP
1,000 - [ KAFS—NOL+1KP
0 T T J ZHRRT
o o o
Ll Ll i
) h )
<C < <
(@) (@) o
K3 FRERTLHEENE (CASED)
_ 8500 ——
<
E] 8988 T £3 HABNEHML
g 7->00 (CASET)
R 7,000 +
B oo L CASE [CASE |CASE
ﬁ 6’000 1-1 1-2 [1-3
E i ZE | 90.8% 88.9%| 85.6%

TH 48% 5.0% 5.1%

fPES 44%  6.1%  9.3%

CASE1-1
CASE1-2
CASE1-3

BIR maEs mix
X4 HEEHEEK
(CASE1)

CASE |CASE
2-1_ |2-2
X E[h] - 1- 101- |201- [301- |401- [501- |601- |701-
BFE - 0.83] 071 067 0.60] 053] 0.41| 034 0.26
HOR E[°C) 9 9 10 10[ 10| 11 11 12| 12
ADURE[C] 14 14 15| 15| 15| 16| 16| 17[ 17
B fE[h] 801—- [901- |1001-|1101-{1201-{1301-[1401-|1501—
| B 0.23| 021| 0.19] 0.47| 0.14] 0.10| 0.05| 0.00
H R EE[°C) 12 13 13 13 13 13 13 13
ADURE[C] 17 18 18 18 18 18 18 18
6,000
5000 +— o —1 — AEEARIKP A
A F5—NO6+1RP
= 4,000 -
E 2 AF5—NO5+LRP
X
Ol 3000 - B ZEAFT—NO4+1RP
7’
ﬁ] u ZZAFT—NO3+1RP
ﬂ 2,000 - B EAFS5—NO2+1RP
uZEAFF—NOL+1RP
1,000 - B KAFT—NO2+1RP
B IKAFF—NOL+1RP
0 .
. ~ ZRiRT
o o
(%) (%]
< <
() (&}

B5 BESRTLHEBEENE (CASE2)



E-5

F T —ORHEE X 6 17T, BRHESH I AARTERDS 40%
BN T, FOAKIBETE COP Bk Ed,
CASE1, CASE2 [3IRVR DB 2T e 10 A
e L7z, COP 23K & 7 D AMER 40% DA
Rl 5HZ & THRICEEEERIZ RS LB bD,
% 2T, CASE2 OFMTEYRD 5 H22m HP 7 —0
B SR 2 AT 40% DA EVE S D2 W E E L
CASE3 & U TR L7z, BB A2 5, B A —
ZX TR, AEEDS 3000kW D4, CASE2 1%
5 FdEds, CASES 13 8 Bidlins 725,

(2) FEATHER

Case3 DOSFARZIRWT, FHOER AT ADHEE
TEERE LT, #HEERAX 812”7, CASE2 Lt
L CHICHEBNBZEB TE TV 5, 9 Iz
CASE2-1, CASE3-1 (28} 5 Eikkis O1ElnH 4 4 X
M2 EloRd, XM 701h £ TLEhTF 5 —2 Bl L Tk
V. CASE3-1 CIHEHHEIIZ Y, COP 23\ VAT
RETHE L TWDHT2D, YRS AT AOHEEE&EIT
Tz 6N TND,

6 &

MK IREZ @D 256, SRS AT LAOFEMHE
WEAEITMZ HNDP, RENREN TH D, FELm
OEFEIZHVE LCEM Y — /L OFE$EEE T — N T,
BNV TEESVIREEZ VTV D, FEE Tl
B WVRIRE OB S B AR RAE L, EICEYR
SRR RIE R L 70 D720, THBEBEHEITEL 25 L
Bz bbb, Fio, AR E 8 ARk & L7273,
TEAHPF T —%hF Y 2— /LR & LT3 A OBEE
FEMEA R T & Tuvewy, A% OMREEE LT, EdmIc
Jix UT- Attt & 22y HP 57 — Ol o o &
TSR £ TE DTV AT MERROBRENET Hid,

FED

AFTET, BNRRERZR OW AR AIREEZE IS © B
AT LEEOHEEBNEOEAET S Z L2 AL
L7z, ZORER, MKEKIREZmD 5D Z L TR A
7L UCHEE R TRE L 72 D,

& Z XM
D EIREEREEFEE T ER 3 - BB
[LCEM > —/Lver3. 10 =FA TV =7 FOFHET /LT X L)

10
9 NSRE
—8 4K ORE]
|
27 1 ——20°C[9°C]
©6 —8—25°C[9°C]
> ?E % —4—30°C[9°C]
4 ! ! T ! o, o
000 025 050 075 100 < 30CI[7C]
BrE—]
6 ZAFS—HE
4,000
3,500 - xS ZEAFI—
= 3000 7 EVRIBER &
X 2,500 -
i CASE |CASE
g 200 2-12 |3-12
& 1,500 aEnE
® 1,000 - @ CASE2-1,2 [kW] 817.2| 326.9
arReE
200 O CASE3-1,2 [L/min] | 2340.0] 936.0
0 =
00 00 00 00 00 00 OO0 0O
B e BB e B} B X B
— N M < O O N~ 0
1T TEAFS—HREBERA A
6,000
uAHEGAEIKPEET
>/000 ZEAF 5—NO6+1 P
£ 4,000 ZHF5—NOS+LRP
M B EAFS—NO4+1RP
R 3,000
g B ZEASF5—NO3+1RP
ﬂ 2,000 HZEAF5—NO2+1RP
1,000 W ZEAF5—NO1+1KRP
B IKAFF—NO2+1KP
0 P ~N o~ EKAFI—NOL+1IRP
g8 8 2 ezmkuT
< & 2 <
(@) (@) (@) (@]
K8 EFEATLHEEN= (CASE2, 3)
900
800 JERI:CASEZ-1 |
=’% HEICASE3-1 |
= 600
=z
I# 500
& 400
#8300 -
200
100
. |
T T L L
O O O O O O O O O O O O O O
4 N M T HOR®OOOAdN®MST N
L e B B I I |

X fE[h]
BKAFS—nol& it BKAFS—no2& i B EAFS—nolAit
B EAFS5—no2&E B EAFS—no3BE B EAFS—nodEEt
EAFI—noSEEH m EAFT—no6E it

X9 ZREERE% (CASE2-1,3-1)



E-6

WwhER T/ > B35 7 FRGEZER D X T LD MEREREE
Performance Verification of Non-draft Comfortable Air-Conditioning System for Hospital
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The airflow draft by air conditioning is one of causes that hospital patients on the bed feel uncomfortable.

To reduce the airflow draft, the all-air radiant air-conditioning system is recently set up. This system has

air conditioning effects of both convectional airflow and radiation. We developed the new air outlet of

diffusion of which convectional airflow effect is controlled to reduce against the patient on the bed. This

system was introduced into a hospital, so we'll report a result of temperature, velocity and wind direction.
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Eco hospital realizing energy saving and BCP
by utilizing environmental load reduction technology

HiE Rz (EARER ) EE PsaL GEARERER ()
KH BZ QEKER #) RS AOG (KRR (BR))
Shigeyuki YOSHIZAWA*!  Katsuhiro ASANO*!  Akihiko OTA*! Tomohisa NAKAMURA*!
*1 Shimizu Co. Ltd.

This hospital is a disaster-resistant hospital equipped with structural safety and maintenance of clinical functions at the

time of a major earthquake. Constructed an eco-hospital that utilizes the following energy-saving and

environmental load reduction technology. Disaster-resistant medium pressure gas, Co-generation system,

Introduction of cool outside air from the forest, Solar radiation shielding, and LED lighting.
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Study on climate atlas and Thermal environment adaptation measures in Neyagawa city

Drawing up climate atlas in Neyagawa city.

OfMA Kt (FERIRZ)
i FoiE (RS

Daiya MATSUMOTO*! Masakazu MORIYAMA™

AR TER (R
A BERE (FERRE)
Mizuki ICHIDA*!  Keisuke YAMAMOTO*!

*1 Setsunan University

The climate atlas is the reference maps to make the environmental masterplan, town planning and architectural plan.

The purpose of the research is to show the characteristics of the distribution of air temperature and wind flow in Neyagawa

city. From morning to afternoon, mountain breeze brings the cool air to urban area. From evening to night, sea breeze

blows from south-west.
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Fig.9 Wind direction and wind velocity on fine weather in August
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weather in August
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Fig.11  Neyagawa city in the moring from midnight (°C)
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Fig.12  Neyagawa city of late moring (°C)
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Fig.13  Neyagawa city in the early afternoon (°C)
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Fig.l4  Neyagawa city in the evening (°C)

Neyagawa city at night (°C)
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Study on climate atlas and thermal environment adaptation measures in Neyagawa city (2)
Thermal environment adaptation measures for detached houses and apartment houses.

Ofil  &Hi# (EEIAKS)  Mizuki ICHIDA

Setsunan University

In this research, Neyagawa City is surveyed and two detached houses and two apartment houses are selected. The site was

analyzed locally using Google earth and Google map, create 3D models and cover diagrams with Sketch up, Auto CAD,

and building coverage, green coverage and paving ratio calculate are the covered state of the block. The adaptation

measures suitable for the land and application of the selected block are proposed. The present thermal environment are

compared with the land cover ratio and SET *.
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Fig. 1 Object location and Ia use map
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Table 2-3Countermeasure menu

RE DT

| <PEEE>

Y| OB RSO OWER KN D,

~ | Bk E T,

D | <EERb>

x| B LERRIRIEY &R 2 kb D Rk,
K| ERHRELUIEORELEPL,
WrEAME D) e ERFET BN D,

| <HEE - ZEORKME>
| BERZ{EY 3 EEHICHE M2 A T — |
~ | TA T FESOBEMCIENE DRI 7208 5,

<BEH OfkAl >

t— T A T FEEORME D

BRI DR D, FREER DA LI i,
<EARIZ & DRk >

BARENZ D Z LT & o TRIBICHEE Z T 2
LINTE D, 7Y FiIlARS

*f

3. BUR L ER O
3-1 HEEHEFEAL

BRI O T b K OO RN ALE S D LA
TECHEPNC AR TREER RV, v v a YO I
JIFEMIT 2> TE Y RPRITTT T 0EE L S
H»TWD,
Table.3-1 Land coverage rate of apartment building Al
jees 28% 28%
RS 43% e 76%
CIEIES 24% 12%

3-2 HLAEMETA2
TR OHTTHRIRD @O RN ALE L R
NTHPRDPEN, v vz VO RBEORE VI
VAR E M & 5 23 BEH L O EREAN A D Tz
RIIEDTH D,
Table.3-2 Coverage of Apartment A2

R 33% 33%
o &S 15% B 75%
AAER 48% 20%

3-3  FE{EEBI
FERE)ITOFTHRURMENWEMTH 5, S FOHH
PHIZEARRIEAR D B 0 SRR @, O P THE
EHEAREEN D D RIS,

Table.3-3 Land coverage rate of detached house B1

iR 32% 32%
o & 20% U ETA 30%
A AR R 48% 46%

34 FEEE B2
ERE)ITORTHEIROEW MO FREE, Z 0
ATJERIIZ BN b BEHPHEARNE & A e <
FEHERNIFIE 0 ITE WX IZ /2> TV B,

Table.3-4 Coverage of detached house B2
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Table.4 Surface temperature of each element
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Fig. 2 Current status of selection location and comparison after improvement
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Fig. 2 Current status of selection location and comparison after improvement
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Study on clima atlas and thermal environment adaptation measures in Neyagawa city.
~The thermal environment adaptation measures focusing on waterways~

OlA Bt (FEmART)
Ml HE (AT
Keisuke YAMAMOTO*! Masakazu MORIYAMA*!

A IER GERK)
A K (ERK)

Daiya MATSUMOTO*!  Mizuki ICHIDA*!

*1 Setsunan University

In this study, we selected the western part of Neyagawa city as a target area, focused on the waterway which is a big

feature of western Neyagawa city as a part of the proposal of clima atlas preparation and thermal environment adaptation

proposal, and changed to a space that can be used as a thermal environment adaptation measure.

Since the waterway

functions as a cold heat source during the day and wind is likely to occur around the waterway, improvement of the

thermal environment can be expected.
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Fig. 1 Waterway map in the western part of Neyagawa city and the

waterway to be studied
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Table.1 Heat countermeasure menu used
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Fig. 6 Area T after improvement
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Table.2 Area T change in coating rate
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Fig. 7 Area | after improvement
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Table.3 Area | change in coating rate
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Fig. 8 Area N after improvement
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Fig. 9 Area K after improvement
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Table.4 Area K change in coating rate
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Study on how to create Cool Spot
~Measurement Result of Hot Area and Cool Spot in University Campus [1 17]

(FEmK52)
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Masakazu Moriyama**

*L Setsunan University

For the influence of the heat island phenomenon, it is considered that measures and improvements can be made by

understanding the factors in detail, considering the arrangement and size of buildings, trees, etc.

Although it may describe the same thing as the heat island phenomenon mentioned earlier, in recent years, the area

affected by the thermal environment is increasing due to the global warming phenomenon. Therefore, we are considering

improvement plan for thermal environment.
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Figure 1 Location of measurements in Setsunan University
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TRO T FEHEE L 0 @7z, fizid, 10 SAERT]
LUy RF v REL FNENO A TREIMEN NS
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Research on Efficient Heating System for a Plastic Greenhouse in Winter
-Estimate of High Floored Sand Temperature from Outdoor Temperature-

KA BRI CRBRHINZR) g BT ORI
vaiE BERs CRBRHNZRS) K RZ OR L skl tth)
A 16 (SIS YIN i) AT b (7)) =27 7 — LSt

Shunsuke KIMURA™ Minako NABESHIMA™ Masatoshi NISHIOKA™
Yoshiyuki OHASHI*?> Osamu OKAMOTO** Kazutaka MAEDA**
“'Osaka City University *TORAY Construction Co., Ltd.

*3 Sigehirogumi Co., Ltd. *4 Green Farm Co., Ltd.

Because there is less information about heating sand culture for the growth of leafy vegetables, estimation of
sand layer heating demand in various cultivation districts is useful. This paper simulated sand temperature of
high floored culture using a concentrated constant model on the bases of the outdoor weather data. Sand
heating degree-day is calculated from the estimated sand temperature for each districts. As a result Niigata,

Sendai, Obihiro were 1.7, 1.9, 3.2 times, more degree-day than Shijonawate.

1. [FLsIc 1.1 EAEE

BfE, BEAE =T A TOEKRAH "%ﬁ%ﬁiﬁ% KBRIFIU el dda S 7z TR ORER =
HENTW5, ZOBEEORME LT, BEEENE NG AZBNT, BANE AT AN, By RICHlER %
IENFOME TS Th A%, mVVAEREN: & /B é%ﬁ& axiE L, FEEIT o7, HIEHH % Table 1, HgeaxE

EZ N5, —HT, M;@ E =N AND RN u%% Figure 1~Figure 3 (Z7~57, SEHIHARI 3BT BRI
KTF9 5L, JEX 100 mfEE Oy RORSEIEE K A 20144 11 A 22 H~201541 A 23 HTH 5,
T LRI O Al R 2 < 0%, AT HEED— Tablel Measurement item

AEEL SPRIETH7-0120, T ANZELH D WVIE Outdoors In plastic greenhouse | Sand bed

Air Tem,
WIB DN VZE & foczmx RAHI LB /R R L X Humidit)F/)

- Wind direction Air Temp
TRV, Ko TREGRIFO R 2 HUHIETY | \Wind speed wﬁgd,ty ; S??jd Iﬁmp
= . - . indspeed of dep
BTSIEBR O E RS 5 = L IFAHTH D, rSaTici)zrattion WaVE | Short wave radiation Sand heat flux
9T A B D3I R A RT3 WRITENF AR Long wave | Long wave radiation

By 7 NeRAWEGE= AT ADY I ab— 3y radiation
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LD N ANDEEE L SEOMIEREL, KRE g
G ORGSR Z bl L=, fER L L CHEAHIcINT ”é’ e |
VLR B (22 SR 0N & 0 IR D8 OB 0 J773%) P |
EHNIE A TE 5= LR LT, UL, ol
ENX 201541 A 27 H DBRDBRANLMZ T2 T> TR Y |
B 238 L AT A B A S O TUARL
= = CARBIE T, i L BAVE ST — 2 i D e g
BEEZHEETDRED dDTT VA HAWT, SHUE TR ) e Figure 3 Sand bed(heating)
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Figure 2 Sand bed
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1279V —74

IRAHRD ON/OFF il CTdh 5 15°C L ibEIRED
1AV EEZT 7 ) —T 4 & LTy R 1unit(1.2m
X1.8m)dH7= v D 1 AEEIEEEIE S OMBEBEGRE
Figure 4 |ZR"T, ZORERDET TV —T AL 1HD
FERIHE ) BT b b B I E OFRBE S R N
EWmD, N1 LVAROEET 7Y —7 A 1XEER
ED—Z DN LR (RFEAM) ORHIC
HANWoid ZEhn, AT H LB NG DO
BELTT 7Y —T A 25,

H, =KSx24xD @)
H, : Heating load (Wh/Season)
KS : Heat transmission coefficient (W/K)
D :Degree day (°C - day)

2. \JRAAZER. BWEEBENGRETILERAVLHER
21N RRNESEEDHTE

RSO CIIEINESIREIC L D =BOAT v
VB % 72 FRER B (1 BN O CIT L L B S
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22 WBESREDHTE

N ANZEFIRE 7 W CHY IR OHEEZ1T 5, 2N

11~ 15 1ZBW TR ZESIRE DO BRI NT ANZER
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N ARNELKBEIZLAWEIREO AT v TINE
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2.1 KV RDINT ANZEKIREEHEEAE > DAY
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A RS 5720320 LT T ANZERIEE & B H
FEDDRD DO, cur 7 AT, SHRBMBRERICHAWS
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e, HERIDEEDY 0.1 DORfrpgfiE 0.88 THEFEAD /)N
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h .
Green house air RZ Sand
R temperature 6 R

temperature ' s
oA\ el
Green house air
Outdoor temperature 6 o temperature 9 R 02
Ci1 ;
77;1;?;/ 4
Figure 7 Equivalent electric Figure 8 Equivalent electric

circuit(Outdoor-Green house air) circuit(Green house air-Sand)

pH)=1—eM @
Y(t) = by — be™ ®

1 @
Yo=1- m(l —1)



A-58

- ®)
Pi=a -1
1!}0 = bo - bT (6)
Y; =b(1—r)r’ @)
r=e Mt ®
QR,n =@ (90,11 - rneo,o) (9)

n
+ (21 Z Go,n—jrj_1
=1
+ (bo - bT)Hn
n
+br(1—r) Z Hp_jr/™t
j=1

+ 71"z,

5o [P (Bn— 0" o
N
Por(t) =1—e™H (11)
1
Yoro=1-— 1At 1-m) (12
I (13)
ORJ = A7 1)1
Tor = e_AORAt (14)
eR,n = (pOR_O(Go_sat,n - Tlneo_sat,o)
n
. (15)
+ Por 1 Z go_szlt,n—jrl]_1
=
ap *
Oo_sar = 0o + o) (16)
hg
hy =32+2.6x%xV —0.0065xV? 17)
Ac *
Or_sar = Or + s+ (18
hs

3. EAMDOAHIZEIT A EEEDHTE

FETHIOD N T A NZE SRR M O @i AR EvE T L
ZRWTHEEZ1T 9, HEEOX G LCTHE, I5.,
HILNDOBREET — 2 (BAVERIREE, A&, 82 v
b Flo—THEEME L TRIROERET —4% & FHWT
AT 5, BB HORINRE T — 2 1 IKGT DT —
=2 W, HEESMIZ 201541 A 1 G 1
A 80 B & L7z, DUGERCIN S iz PR ZE LIRS
1%3.9C, 1 HOWHHSHEIE 82.8W/ni Th 7=, KK
DO BAVZEFIREIL 6.3°C, 1 A OV HNEIT
107.6W/ni T~ 7=, BrBOVHRIZEKIRE T 3.1°C,
1 H O B EEIE 58.1W/nd Tdh - 7=, liE DFERH¢
ZEIRETX 2.5°C. 1 H O H I &IE 101.6W/m T -
Too HIROINRINELRET - 8.6°C, 1 HOYEEHE
13 91.0W/ni Th - 7=,

o) :Step response of indoor temperature by outdoor
air temperature
o) :Step response of indoor temperature by heating

‘Triangle wave response time series of room
temperature with outdoor air temperature

Yp; ‘Triangular wave response time series of room
temperature due to heating

r,b,bo ‘Undetermined coefficient
AT,
T, :Time constant
H Heating/h)
& :Mean residual
6, :measurement value
6', :Calculated value
:Step response of green house air temperature by
outdoor air temperature
: Triangular wave response of green house air
~  temperature by outdoor air temperature
dor  UTc or
T. or ‘Time constant of green house
0o sar : Equivalent outside temperature (‘C)
ap Green house Solar radiation absorption rate (-)
hrp  Green house Overall heat transfer coefficient
(W/(m2 K))
8, :Outdoor temperature (‘C)
J :Outdoor Amount of solar radiation (W)
h, :Convection heat transfer coefficient (W/m2 K)
V  :Wind speed(m/s)
:Equivalent room temperature(‘C)
as Sand Solar radiation absorption rate (-)
hs :Sand Overall heat transfer coefficient (W/(m2
K)

0r ‘Green house air temperature (‘C)

1REET IV % O TR IR ORI Z2HEE T D BRI,
2 TED/NY ANZEZHEEIRE @) 2 HR 18 LV FEHE L7
O sar (AHFRIEE 0.1)% AV THEE L 72, rrs fE1 0.88
Rz, TUERBEOERRET 8.1°C, KD FHE
% 9.9C, FEOTEET 4.7°C, IHE O FHRE T
5.4 CHIADYEEREL - 4.8CThH o7z,

BANZELIRSE | BAMNEXFIE MR EE(H SN 0.4),
N ANZESIRFEREENE, WYRIREHEEE O 2015 4F 1
H 1 H~1H 30 AOHKE., A, i IMi% Figure 13
WORT, 1EE AL O CRAMZESHRY VIR, T
AWZERIRIE, EIRIEDOEINARREZ /25 Z L3y
Motz ET-RBR & AW TR NEDZED )5 %
IMEDZEL Y K& 72D 2 LDV oT,

2014 4F 11 A 22 H~20154F 1 H 23 H &355H &
L. WO INEADHIENRE 2 15°C & LIz o4
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HOT 7V —FT A ZRDI=, FiR, . HEOT 7Y
—7 A% 589.1, 661.7, 1,096.7°C + H & 72 V) JUSREED
1.7, 1.9, 82 f5& /et MERENEAEILT 7 ) —F
AP D Z s, BRBHNISIT D BRI

3,56TMdJ/unit THUZMED 1.7, 1.9, 3.2 5L Ro72,
- SRR OBE L U CHUHUROFIE & OREAVEZ R

DMEND D,
2% ik

BOVGRBRE OWITT 7V —T A Dl EZE LY, TUSESR
DOFFEH O MIENEEDOIFANEDS 1,111MJ 72D T
LIRHO VB ENEEOHEEMIXE I Figure 14
DX 912 1,9156MJ/unit. 2,152MdJ/unit. 3,567MdJ/unit
THDHZEDTMND,
4. FE®H

ABEVET VA W HEE TR E O CTRBHID T A
WZERIREE L W EIRE OHEE Z4TVWT 7 ) —FT A L
SN E D s 21T 72, FHE., IE. LD
SR @ AR OHEEEI 1,915MJ/unit, 2,152MdJ/unit.
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Figure 10 Triangular wave response temperature
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Figure 12 Comparison of calculated value and measured value of sand temperature
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Study on Improvement of Condition in the Plastic Greenhouse in Summer

-An Experiment on the Effect of Solar Radiation Shading and Mist Spraying -

O=% && (KB k%) s ERT (KRIRMNLKE)
vERE ERR (RPN RS Kt Bz CRUEZRASH)
Yuki MIYAKE*!  Minako NABESHIMA**  Masatoshi NISHIOKA*!
Yoshiyuki Oohashi*?
*1 Osaka City University *? TORAY Construction Co., Ltd.

The temperature in the plastic greenhouse in summer is very high and it might raise heat stroke and the growth delinquent of
the crops. The purpose of this study is examination by the environmental improvement effect by solar radiation shading and
mist spraying. As the result of this study, it was found that the shading has a higher temperature rise suppressing effect than the
inner shading. In addition, it showed that 1 minute-mist-spraying has almost no cooling effect, but the thermal environment can
be improved by 30 minutes-mist-spraying.

LI
UTEE, HIERIERRLIC 5 BHIONEE B N & 2 f=
TEEPOBWIERE ORARDMEINL TBY . E=an

T AN TOEAEIZ L 2 FETHH] b FEHRE STV D,

E =D A ED ONRERH OFRE R TE | F
LM LSEONDHAY Y BB D, £D—FHT, B
ﬁ’iﬂ?%ﬁ@ﬁhﬁﬁim%%tz,W%@iﬁ
iz EES - 0AERR S RS S Y,
t\WMHﬁiﬁ¢f®EE%YQ(%C)%ﬁz\ﬁ
HEFSIE DfERIED & < AFEE 1T & > THERIRET
b5, ThHDZ LnbAT ANBBRE A WET DY
BENRH D ENGND, & T TAMGE CTIE B FHEH L O
I A MEFIZ L D @BERRIC OV TR ETT 5.

B =Ny AD B EHERZ X, SMABERE & PR O
2 B0 OFERDD, TI T, ENENOBEMGIEELT
STZBED N AN ZIIT HEADFA % Figure 1, Figure 2 (2
R, NUAZRIUKRE SOHFNREZELZETD L,
HIE~DOWINEE T2 Lz, & B SO ETH
H 26 OxH - BEHEAEIIR U LB 2 525, L.,
R > MW S 7= B SMIBER OS5 A 13 RIM R
DD LT, WHBERZOS G 1IN AN RS Z
& IR D T3~ T ANGRIEE < 725 & BRI
WIHEE SN D, & 2 CAMIE CIIEERTED AR
ﬁ%%%%ﬂ’i@@ﬁ#é

EARRD NLI R BEBIEET D AWK
&, AFICEREL MFTRNWRH L Eb, B=
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Z OB, R v b B OSSR CIHEER PSR S
7oy, TEBOZER CIRIRERE FI3E & A ER L)

77 2 TAMITTIE, R > b LY FOMEN S
7 ANZERITHRT LEBEAZ S A NEFEEITH 2 & TDOH
HZhRAN DN TRRETT 5,

1 EERHTE

T TSRS RENT |2 & DIPTSR E ST D
E= N RZBWTE N ZITo7, E=T ZADRE
&% Figure 312~ d, HEHERIFEERIL C AR, I R M
FEFEBRITBHICB W TITo 72,
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Table1 Result of solar radiation shading

Shading method
Outside Inside Without
shading shading shading
(T)1~100W/m? 323C 376C 378C
(11)100~200W/m? 375C 451C 396C
(IIT)200~300W/m? 448C 476C 51.8C
(IV)300~400W/m? 46.7C 49.8C 576C
(V)400~500W/m? 48.6C 53.9C 574C
(VI)500~700W/m? 49.6C 516C 59.9C
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Numerical analysis of the impact of urbanized land cover on summertime precipitation in

Keihanshin area

OfA R CRFRRH)
7R B AT CORBRRS)

Kenshiro Kasamoto*! Hikari Shimadera*!

iy < ot ORBRORE)
SRS B CRBRRE)

Tomohito Matsuo*!  Akira Kondo*!

*1 Osaka University

The urban heat island may affect rainfall frequency and intensity. This study utilized the Weather Research and

Forecasting model (WRF) to estimate the impact of urbanized land cover on rainfall in Keihanshin area. The impact of

urban land use was estimated by comparing two simulation cases with the present land use data and no-urban land use data

in which “urban area” was replaced by “grassland”. The urbanized land cover increased rainfall by enhancing the

formation and development of convective clouds under unstable atmospheric conditions. While both rainfall frequency and

intensity increased because of the urbanized land cover, there was a remarkable enhancement in the intensity of short-term

strong rainfall.
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1. FHEEH

1.1 |SRETIL

A E Tl A G £ T /L IC Weather Research and
Forecasting model (WRF) 9 ¢ 3—20 5235 ZffiH L7,
AWFFECHEH L= WRF OF%E % Table.d (2737,

Table.1 WRF configurations
Parameter Setting
Topography USGS (30 sec)
Land use GIA of Japan (100 m)
Initial and NCEP FNL, REG-SST-HR, MSM-GPV
boundary
Nesting No feedback
Cumulus Off
Microphysics WSM6
Radiation Dudhia / RRTM
PBL YSU
Land surface Noah LSM (without UCM)

Analysis nudging Off

1.2 FHE5EE - STEHAR

AL TR L7z WRF OGS L UMK 5481
WIFrONLE % Figl (S, TR LT 5 2 x5
&% DOL & mfphiea ki 5 & 375 D02 & Lz, 7HH
A% 2006~2015 FEDKAED 6 H 24 H~6 A 30 H &8
LI, 7 A~9 A 3 4 AR ZFHIixISHI & Lz,

134°E 138'E 136'E 137°

Fig.1 Modeling domain and locations of meteorological observatories
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Fig.2 Land cover of URBAN case and NOURB case
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Fig.3 Scatter plots of temporal mean observed versus simulated
temperature, wind speed and precipitation in each month.
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Fig.4 Daily time series of observed and simulated spatial mean daily
average temperature, wind speed and precipitation in 2009.
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Fig.5 Daily time series of observed and simulated spatial mean daily
average temperature, wind speed and precipitation in 2015.



A-60

2.2 fRHTRA

ARFFETIE, BT 2 Rk Extg L LT
WD Z LD, BJE - AR DOL (CHEIT L7z H 2t
LMD LT, BRI,

1) BEOHL DOL A5 300km LINIZ A - 72856

2)  RifR)S DO1 Z i@ L=
L LT, ZORER, 54 920 H x5 333 H RS
Eh, FHTRISHIE587 H &tz

2.3 #TMEDEKIZRtT B2

(1) ZEEZ IO T

D02 [Z2WNT, Tkt H o FXUR,
FE, JEGETS KOV A Bk B URBAN & NOURB D7
4y% Fig6 (g, M FRURIE, #ifiic sk
F-U, E, FiHRcBs TR Lz, 2o Enb,
ETNAN, B— T A7 REIBRORHEUEIEZ TV D 2
ENbND, THBEEBOE(LIZEE, AT T v 7 AN
TR Lz, Zhucky, BT T v AR 1
F Uz, Fiz, REENEE ST LA L, BKRETHM
L7,

Temperature

Humidity

Atmospheric boundary layer

Fig.6 Spatial distributions of temperature, humidity, sensible heat flux
and latent heat flux, atmospheric boundary layer height and
precipitation (URBAN — NOURB)
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Fig.7 Diurnal variations of the simulated mean precipitation in
URBAN and NOURB cases.
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Fig.8 Diurnal variations of the simulated mean ground-level
meteorological variables in URBAN and NOURB cases.
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Fig.9 Spatial distributions of precipitation each classification
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Table.2 Frequency and increase ratio of hourly rain each classification

intensity | URBAN NOURB  ratio

(mm/h) (%) (%)
Weak rain | (0.5, 10] 4.39 3.82 1.15
(10, | 0.30 0.24 1.28

Middle rain | (05,201 | 11.71 10.90 1.07
(10,] | 1.47 121 1.22

17.11 16.74 1.02
486 434 1.12

Strong rain | (0.5, 10]
(10, o]
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Analysis of nitrogen discharge from the Kako River Basin to Harima Nada using water quality

model
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*1 Osaka University *? Hyogo Prefectural Institute of Environmental Sciences

In Harima Nada, nutrient concentration has decreased due to regulation for water quality improvement, which may be

attributable to recent decrease in fishery yield. In order to evaluate the attribution quantitatively, it is necessary to

grasp the dynamics of nitrogen in rivers flowing into Harima-Nada. In this study, hydrological transport of total nitrogen in

the Kako River Basin, which is the largest among basins around Harima Nada, was analyzed by using water quality model.

While the model well captured temporal variations of river flow, it tended to overestimate nitrogen concentration probably

because of an overestimate of nitrogen load originating from area sources.

[ZL&IZ

WA T, A REMICIIE B L OB IR
DM L CUEs, T N R A A K D
HIHIEIZ X0 KEHERABM EIIRE B L, KE
DOWENEATE T, ZO—J7T, 1990 FEHE LI
NI B DI TRMERCH Y, 2 ) DD
L EShTna Y,

FRLOREOER D 1 SIZERBENEZZ LD, &
fFiERgrezEs% (DIN) ZiXUw &9 2oL, W
WMODEE & IR DR T T 7 b DRERECETH DD,
WE PNHE CHE ROV ISR S T= 0 L RIFEIC, 8
FNTEBE O EEHE 3\ Tl DIN SO T3 A
T3 Y,

Z DX D IR AR D T2 OSEEE TR TR O
o, EMlossEERtEiMisnEzch s, £
DIN JEEZCIITIRARI NS K D EHRAR RO L)
B2 TWAHZENPELMNT-> TS 2, k77, #E
BOFEN) TN 3 R OFHkIEfE & £ > T\ b
T ERSMmoTNAE I,

PIE X 0 ARZEClE, EHIORBETRHAIT O D0
SRR L UOKSC - KEET VEHEL, fRE#HE~D
TR D C e RO FIsaife & R0y ) | Feis & k15
I, Vs, REFRREOHFER, MENOREROTS
BORM E Lo kpzER (TN) OEHfiftT 217> 72,

1. fRHTAE

1. 1 KX - KEETIOBE

IKICET NV CHUES KT — %, LHRIH T — %,
RRT — 4 D LIUEN OB RS FHE SN D, it
WCKEET /UZT, ACET /ML GRS b
R, FIAKNL « e, SBRAMRERT — 205
KR 2R OBIREDMRAT S5,

1. 2 HEEHE

FHESEIRIT Figl (ORI CH D, Fles
% 1852 DIEHEMIR A v = B RA v =) ITKAYL,
FHRIARNE 2015 0 LM & Lz,

20 Kilometers
11 1)

Hunamachi

Manganiji
(Nishiwakibashi)
Itaba (Itababashi)

Hurukawadaini
Oshima (Osumibashi)

Besyobashi N

A

Nakasaizyo

™ Ikejiri
@ =TN Concentration observation point
@ =Discharge observation point

Fig.1 Kako River basin and observation point
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Table.1 IZ&BUHALSIZ 1T 2 FRABIIIE E %, Table2 12
B2 IS8 A AT - 72 HRE AR, BRI~
TN S DIREZ AR T 5 Z ENmH TS, 2
DOHFCHEDOFEREREZATEO L & FihrE S 58
& KT, MRERREOFERE R A BRI SR 21T
S TR & FPESRIC OV ORT, FIPEZRIZ OV T DA,
FERIZ D 2 REf 2 L ICSE A AT 72, Fiz, RICHAT
O FERNE T, BUIETA A RIS KUK ROk
ERRPE L, BRNERORERRE TR LOBFET
% DT, Fig.l, Table.l NOAFEIMNZ BRI O EE R
DG ST BIITA & T,

Table.1 Observed items at each observation point®

In
. After rain ordinary
Area Discharge ™) water
(TN)
Hunamachi O - —
Itaba O O (Itababashi) O
Hurukawa
- O - -
daini
Hurukawa - O -
O
Manganji O L -
(Nishiwakibashi)
O
Oshima O o —
(Osumibashi)
Minougawabashi - O -
Besyobashi O - —
- O
Nakasaijo — —
(Every 2 hours)
Ikejiri — - O
Kunikane — - O

Table.2 Survey date at the time of rain?

Survey date
Year Survey date B
(Nakasaijo)
8/20 —
9/17 9/16-17
2015
10/28 10/27-28
11/18 11/17-18

Table.3 (ZILibk, /KM, J0, it HHRIHEIG %,
Fig.2 (245 TR OFHRAIZ F61T D 004 27" 9, Wik
IR L SIHES D 2 &30 %, EHRARMIEANR
T =4 & UCHP b QBRI O e An, N
JRE UTRARIERS & 2K b OEFR AR 2B RE LI,
AT Tabled (7R3 HHIFIH Z & OEFOR TR

ZNT, BKEDRSRIIZRITIN U TRRERARTD)
BLEAVD EARGE LTz, ARKERE; & 3 BITEh i
PR DRI LOERIRED A AMHE, F1EEEZ AT)
LR Z T oo, F7, RFEE IRV TRH Lo
ERAM RN ER L, FHOERAMOTEHHE
FRM U, mRAROFELFARLHI-0IZ, 2TOME
YA B LRI, ERARZZE L OEtE
{17,
Table.3 Land use ratio in the Kako River basin®

LandUse | Forest | Ricefield | Farm | City | Water

Ratio (%) | 664 187 | 10 | 113 | 26

Table.4 Area source load unit for each land-use categoly”
Rice field | Farm | City

Land use Forest

TN leach rate
(kg/halyear)

578 50 24 45

Ratio (%)
M 0~20
21~40
41~60
M 61~80
M 81~100

S

Fig.2 Distribution of land use ratio within Kako River basin

2. FtEHER

Fig.3, Fig.4 (2 & KIBIZHT 2 it BRI E O FH R
& E B4, Figh ([t =B RIZ I DA ED
FEME & FHRAEO LR 2~ g, AR R T ARRYL Tt
REMIER Tixd 573, Bk & KEIZBWCIFANEDZ
BHE A 2 FHEMEAMEZ TRY, BHREREVZD,
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Fig.3 Calculated and observed hourly flow rate at Itaba in 2015
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Fig.4 Calculated and observed hourly flow rate at Oshima in 2015
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Fig.5 Scatter plot of calculated and observed annual mean flow rates
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Fig.8 |2 DL T <4172 10 A 27~29 H OHFE
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Fig.6 Calculated and observed TN concentrations at Itaba in 2015
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Fig.7 Calculated and observed TN concentrations at Nakasaijo in 2015

5 - -0
=
£
= 7
= -
=] £
s A T
Z 25 4 )/ \ - 500 o
c i (1]
3 / \ S
< / N~ ]
Q /o e
g 900909 _00%00
0 . 1000
10/27 10/28 10/29

— Calculated TN === Calculated TN (without area source load)
© Observed TN === Calculated Discharge
Fig 8 Calculated and observed TN concentrations on October 27-28
at Nakasaijo in 2015
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5 1 4 bt ® =In ordinary water
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= Kunikane 4 -After rain
g A
A3
Itaga Ikejiri
0 T T 1
0 1 2 3

Observed TN (g/m3)

Fig.9 Scatter plot of mean calculated and observed TN
concentrations

Fig.10 | ZHtlkN DR AR O R BRI O 522 7R~
o WHMPIRROFGRZRLTEY, 2 FHIZRKEWD
DPFEFThH T, WHROFERORE SN D
IIARDEFFRA R S N2 b D L EZ HILD,

Rice field

178 (t/year) Sewage treatment

Plant 237 (t/year)

City 95.4

(t/year) Industrial wastewater

(without Sewage
treatment Plant )
482 (t/year)

Forest
786 (t/year)

Farm 7.26 (t/year)

Fig.10 TN contribution rate by source

3. B
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AW ORIV D JFHEAIIRERZ O b OOAR b5
ATTNDM,  Seq TRERRAEIRFRT-C S, THE R 72 & D%
MIERTOYISE KT 5 b0 TH S ¢, SHICHK
REDT — X DA THEM LT FHAL TR O T AT & LR
R — & 30 TR LA O A& & TlE
3ELOENRHST-Z ENRESNTND Y, LoT
TR AR O JFUEANT | X RIRE & BERRIRE TRl &2 OfEiZ V5
TENWMELEZ BND, EmE L Y 2k b L,
WRIFREIGaE R, TAITREIEHE Y A, TRIBRE Y AT BERT
MIHRA R Z W ERHARTENRE 72, RREREE
FUTOWTIIFFEBARTIR K & WVIE ST AR
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—EL LTEY, BEICEAHEOENIHZE L Ty
78, ABILARORIFEMERL 2 E 58 L G A m
NERETDHZET, L0 IEHMREREENRAHTE
BHAlREMEN B 5,

4. #Em

AFEOTERELLTFICE LD D

® EEL7KIC s KEET L, IE)IFERicRT 5
R % BAHCER U0, BNt O =R
TP 2 ETHG L 7=,

® RIEHRIEEOWSGHMEORIAL, mREAR OB AGE
T o Z LAVRIRESNIZ,

® LD DRERFG NN TH ST,

LSHOBEE LT, JFHAL O E Z RN & G REEC

AYF, TEEDS ORI H OB KGHE A2 TaET 5 Z L3

HFoinb, koL EET 570, THIFH

DRIy EMGHE L, L0 EMfERmEE DRAET DiER

AWM EEHET AL HEILND,

& E XM

1) WF OB I HONT - S IRST MoK EERTR
Gy H—OEZE
http:/mmw.hyogo-nourinsuisangc.jp/15-onefone_2709.html

2) RREEMED S ARREREE & T R D FRE R OV R IHGTR Y
HAT I - BRI
https://Aww.env.go.jp/council/former2013/11seto/y111-hearing0
3b/mat03_1.pdf

3) WEHFPNHE AL ) | — L
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OneBox BT IILF AT 4 TETIERAWZRIREOYIL D 7 B DREENREAEHT
Analysis of environmental behavior of sulfa drugs in the Yodo River Basin using OneBox type

multi-media model

o= F0E ORBRR)
7R B AT CRBRRS)

s =<5

ot ORBRORE)
B CRBRRE)

Shengyun LI*'  Hikari SHIMADERA*' Tomohito MATSUO*' Akira KONDO**

*1 Osaka University

This study focuses on Sulfamethoxazole (SMX) that has been used in livestock husbandry and emitted into the Yodo

River Basin. Emissions of SMX were estimated using statistical data on SMX usage and livestock excrement. A OneBox

type multimedia fate model was utilized with the estimated emissions in order to simulate the behavior of SMX in four

environmental media (atmosphere, soil water and sediment) in the study period from 2005 to 2015. Based on the

calculated result, SMX emitted to soil was efficiently transported to water, which resulted in the largest amount of SMX in

water among the four environmental media.

IZC&HIZ

WA, EHEGALNE SR FE DO S— Y v 78,
(Pharmaceutical and Personal Care Products, L. T PPCPs)
B ENDTFWED, BETNOMERD RS
T 5 ¥, PPCPs |23kl 2 Ao fBEA B 1) | AT OYIR
3k, B HIESEN, fLhEh, BB RS, HEAL 2
WSS 72 E3E E 4D, PPCPs 13 H AU R Al
I, REPA~EHEHI SN TWA Z &, 18HErg
B L AAEENREIN WD, [EIRMDS NIZHEH
SNTE. EICEENEFWEI RN TR S 1
7ot G & U TR S 4, FARALERES, T
SNFIFR ST b O~ L END, —T7, B
HAEEGSPFZIHEH SNZHGE, £2IC8Ens3
YEITEN TR S %, IR & L CHEE S
N5, FROKEEL, T2V GBI CALER L - &
D REHISE T SND, Flo, BRO—EIEL, R - BEA
ALERCHE A LA A M T 0k L, D Tlddd 5 D3 B
OFEI Y 72 EORBEEN BN TN TN D, EFGHD
EHEIIANCRT 2 5O L 0 bFEEICKT 5 HO0KN
%<, FIROBRE~OYHREZBES 5 & BREGY
W2kt LTRSS OERRE W EEB X HLD,
AR TIE, B HIEIEL O THRHITIRGEEN S,
ZNT F T I RRGMEERNCR T 57 7 #Hil %kt
G35,

{EFE DB ) A7 Ml 5 7-0I12iE, BREHO
{EFWERRE A HEET DRENH D, EDHED—DL
LT, K& - 1 - Kk - JRE & W o T EDBREA T
A4 TN AT 4 TRIZET 26 E D=8 % KT 5

2 NT AT 4 TiEMTHET ML AEEY I = —
2 VT HND, ABFZETIE, EEEW - ) kAt
ZZ, OneBox B~/ F AT 4 TET NEHNT, BRERE
HICHE S NT=BREF YL 7 7 K OBIREFRIT 21T > 7-,

1. YIILT 7HEIOBEEHET

1.1 &HmE

SEERPIEA L L TEEMIDAL EbiIvTing, AL
77 A hFY > —L (Sulfamethoxazole. LA SMX) %
KR L Uiz, SMXIZERIETH D=, Rt
AT HIRA Tl iR 2 7, EMOKES OFRHEE
Nekne, SMX TV L7 7 HEM LY < D&
DMEHA ST D, SMXIZAIZHHWDILD M, S
IZHART, EHEP DR REREA~DOEEI NS L
FIR L, AAFFETIEAD B DOBREEH~O PRI 305
e LT,

1.2 2EERE

EMOKPERBH 62 S lhi A 3K Bk AR R O 2 A
\ZFHASUNT, 2005 4005 HARR[E O BRI IR FE DR
RN STV D, ABIFSETTIL, 2005~2015 O
AEE SR EER R S TV S, 2EO SMX
DFEARBREE @R (Tablel) ZIHiZ, BREIH~O
PEHEEHERF LT,

1.3 SRIREIZH T 28HE

FaI G ST SMX 13, TESHGEH %, Hkric
PRI & USRS D, AR T, BEE
A7 SMX IR ANC A TERERICHR S s S ROE L
770 F7-. FE LEEHT- VO SMX i & L OMEY
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BENEEARETHS LE LT, Ik E b 2
Table.1 National SMX usage (unit: mol/y)

Year Pig Broiler Layer (Hen)
2005 239045.4 19786.8 8823.8
2006 346112.9 17119.6 89319
2007 257784.2 15147.3 7573.6
2008 267719.8 4556.9 125316
2009 274549.2 10235.4 16256.2
2010 217701.6 3126.0 2456.1
2011 209620.8 10116.4 155275
2012 221407.2 143411 15850.7
2013 237189.0 16357.9 19084.2
2014 192707.7 44873.7 11717.0
2015 189509.8 382824 9986.7

Table.2 Amount of livestock excrement (unit: ton/y)

Animal Pig Layer (Hen) | Broiler
National 22380 7450 5140
Yodo River Basin 400 607 191

FFa4E (KPR, 7UEp. Wi, . =@, &BB) 42F
2B D FE SR Y (Table2) DEEITHANT,
K@) i@E v . @I 5 SMX OFEHE Egem 25
HL7,

E 1 local
E local — E i, a,I.I. €

r. all

T FEORE, Egl3EEICBIT S SMX PR
7, SauiootUS.oca. ITENENEER LOv)IFsRic ks
FathitEThH 5,
WM%@:%ﬁézm&&m5$®ﬁﬁwmx%m50
HERHRE R 2 Fig.l 1O~ d, ABFFETIE, SMX 13T HE
~EPRHE NS ERE LT,
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Fig.1 Estimated annual SMX emissions (unit: mol/y) in the Yodo
River Basin

2. IINFATATETIL

2.1 ETIEE

~“NVF AT 4 TET ML, ALFWEOBRREAT « 7
OBENER LIZET LV ThD, AMIETIE, BEEE K
K. T KL JEED 4D AT 4 7 TR LTZ, %
AF AT OMRE 7T v 7 A% Fig2 (T, K& K
BCIIBRIC LA EFWE O EEE L., KEITR
FH, RFHDN B . FERKEIRGEICHY T 5 TE
KRRD 2 JEZaHERE LT, KIBITHAR, ek 87 Bk
D, HENSORHESRCEE & O BE LT,
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eposition Mixing
Wet Lower Air  py
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Evaporation

U

Water
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Out-flow

Particle

ﬂ Equihbr\umﬁ (] 55

. o
Sediment A Emission

— Flux

Fig.2 Schematic of multimedia model

2.2 OneBox BETFIL

KIGAEICd 28 itk (Fig.3) 2 1 2D LRE L.
B AT 4 TIZBIT HREIFY— SAET D OneBox <
NF AT 4 TETNERWE, FHRERT, A
9 111km, SRPEJFENTH 74km, i & 516 2km & LT,

v

Fig.3 Yodo River Basin as simulation domain of OneBox type model

2.3 EEEH
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HEND EE LT, BEHEHERT 21T 57 2005~2015
FEDOIE) T2 %5212 SMX OB 21T > 7=,

FI BT IVND/RT A—H D 5 BRFEA7: 35 FRIZD
T, SMX IR EE GRS S O D RS A LU T D 51k
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IZ Lo TR LT, 8545 1 7 | ORERI S HXQ)
DS \EET B,
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l 0.5Y,

ZIT YIIRT A= HERFOAT 4 THIREE, Yoo,
Yors 1TZNENRIZNT A —H % 125, 0.75 i LI=FED
AT A THRETH D, AT 4T ORI S & B
W AT 4T DIFERDRIZE > T, T A—FD
BREERATO SMX JREEFHRAE TR DR A
@I Lo TRedi=,

Zﬁﬂ%%

S = n—W ©)]
i=1"1

3. FEHR

3.1 REOREZLEL

2005~2015 FEDK AT 4 7, T b HREEMT (gs) .
KREBLHEF (pt), 3EF (), skddagdas (o). K
SRR AR (ss) & IEEH (sd) I2d61T A ERE (M)
B LOVREE (C) ORI HERE R A Figd 38 XN Fighs 7~
AWFFETIE, SMX (32T HBIH & D ERE L7223,
SMX JIKIBUC iR b 2 < AHET DGR & 2 oTe, ET2.
SMX DIRFEEABNIPEHEZEE) (Fig.l) ([ZIZFS LT
BY ., MEANCTEIICERE SIS Z Lideh ol
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Fig.4 Amount of SMX in each media (unit: mol) from 2005 to 2015
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Fig.5 Annual SMX concentration in each media (unit; ng/L) from
2005 to 2015
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B & FARMELOEIE, HERE LCORFIF, R0
PR 72 8 —UIBETE QLR BET— X DI
LTV, KRR EHEE 21T 5 2 & T BHERS
BoEENE 20 LSS 0ENH 5,

E5HI2, ABFFETHZ OneBox i~ /L F A5 4 7 &
TIVTIE, AT 4 7 OEMEMPEETE TR,
U LELSEIZIE, SR ) NS —I2 0 Am L
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Table.4 Result of Sensitivity Analysis

scattering rate
Velro Sc.)il particle 3.27E-05 SD
rainfall outflow
Eps Porosity 2.75E-01 SSSD
Sita Moisture content | 2.33E-01 ARPT SL
oc Organic carbon 3.77E-03 PT SL
proportion
Rainfall surface 1.02E-01 ARPTSL
RO outflow rate
Vesdp Sus?ended S(?Iid 6.58E-02 SSSD
settling velocity
Hsd Sediment depth 1.05E-01 SD
Vadrs Sedim.ent 8.17E+04 LQSD
floatation speed
HE Henry coefficient | 8.15E-08 ARPT
VP Vapor Pressure 3.06E-08 ARPT
pPOwW Octanol / water 3.06E-03 AR PT SL
partition
coefficient
DA Atmospheric 8.17E-08 ARPT
diffusion
coefficient
DW Water diffusion 5.72E-02 sD
coefficient
HL gs Half-life in 2.73E-06 ARPT
atmosphere
HL_lgq Half-life in water | 3.20E-01 LQSSSD
HL sl Half-life in soil 4.28E-02 ARPTSLLQSS
SD
HL_sd Half-life in 2.07E-03 SD
sediment

AR means Atmosphere. PT means Particle in air. SL means Soil. LQ
means Water. SS means suspended solid and SD means Sediment.

Variable | Parameter Sensitivity Main influenced
Explain Index media
War Width 1.69E-11 ARPT
Lar Length 5.85E-06 ARPT
Wind speed of 5.68E-06 ARPT
Uard ]
lower air
R Cleanliness of 2.94E-07 ARPT
ar
upper air
. Thickness of 8.69E-08 ARPT
Hadif
ground layer
RO Rainfall 2.50E-01 GSPTSL
RW Raindrop radius 4.68E-10 ARPT
Rain drop 2.19E-10 ARPT
Vow .
velocity
Vptdd Settling velocity | 5.44E-07 ARPT
Particle 4.47E-22 AR
Gpt .
generation
Particle surface 2.52E-08 ARPT
SC_ptd | concentration in
lower air
Particle surface 7.38E-09 ARPT
SC_ptu | concentration in
upper air
Area of water 4.70E-01 LQSS SD
Swt
area
Hwt Water depth 4.50E-01 LQSSSD
Annual mean 4.82E-01 LQSS SD
Qwt
flow
) Ground diffusion | 5.74E-02 sD
Hwdif
layer
Hsl Soil depth 2.35E-01 SL
Vslrs Soil particle 8.29E-06 ARPT

& XH

1) kBl KRBT FHERGNOEEREER O
BFEHREO TR R AT 4EHR

2)  BEPECS - A5 - IaTE T OKEREEPIC T DIESE
anOREH 5 37 [l HAOKEREE - RFER 2003

3) BT SO B SRATT - JEbok
PER
http:/Ammww.maff.go.jp/nval/iyakutou/hanbaidaka/index.html

4)  FERPFEOWOEE LRI OBLR & ROV T B
e
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The reduction effect on the urban air temperature by the wind from the suburb
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Coastal cities are strongly affected by sea breeze and the air temperature rises as it moves away from the coast. In the

same way, it is assumed that inland cities are also affected by wind from the suburb and the air temperature rises as it

moves away from the suburb. In this research, for the inland city (Berlin area, Essen area, Karlsruhe area of Germany), the

reduction effect on the urban air temperature by the wind from the suburb was analyzed. Further, the calculation results of

the urban air temperature distribution in inland cities and coastal cities were compared.
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Table.1 Calculation condition

Calculation period
Vertical grid

23,July,2008 — 23 August,2008
28 layer (surface—100hPa)
Domain1:3km(120 X 120grids)
Domain2:1km (103 X 103grids)
NCEP:final analysis

(6 hourly,1 degree grid,17 layer)

Horizontal grid

Meteological data

Geographical data Terrain height |United States Geological Survey
Land use (about 100m X 100m grids)

Microphisics process

Purdue Lin et al.sheme

Long wave

RRTM Longwave scheme

Radiation proc
P | Short wave

Dudhia Shortwave scheme

Planetary boundary layer process

Mellor—Yamada-Janjic PBL scheme

Urban area
Surface processes
Non urban area

UCM(Urban Canopy Model)
Noah LSM

Cumulus parametarization

None

Four—dimensional data aasimilation

None

Fig.1 Calculation area (outside

: domain 1, inside: domain 2)
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Table .3 Definition of fine day

Sunny day

Weather
Sunshine hours

Mostly Sunny or Sunny

7.0 hours or more

Precipitation 0.5[mm] or more

Table .4 Bias, RMSE, Correlation of temperature and wind speed

H Temperature Wind speed
Berlin area Essen area Bias[°C]|RMSE[°C]| Correlation|Bias[°C]|RMSE[°C]| Correlation
o Alexanderplatz 0.11 0.61 0.93 - - -
: Urban Buch -03 | 058 0.93 - - -
= Dry cultivated land B Dahlem 144 | 184 0.94 - - -
[ Irrigated cultivated land ae Marzahn 047 | 073 0.93 - - -
] 1 Mixed cultivated and grassland rr Tegel 0.59 0.78 0.94 1.29 1.35 0.84
B Mixed culti d and f e | Tempelhof 0.73 0.84 0.94 0.97 1.08 0.82
Ixed cultivated and forest a i Neuruppin 015 | 127 09 208 | 214 0.79
] Grassland n Potsdam -0.74 | 1.88 0.91 0.86 0.9 0.74
] Deciduous broad-leaved forest Zehdenick -0.28 | 095 0.91 - - -
M Evergreen coniferous forest Heckelberg 002 | 094 0.91 - - -
B Water Bochum -0.15 0.73 0.87 - - -
‘?v‘;;k;;;: -053 | 184 0.90 - - -
KarlsrUhe area Essen—Bredeney 047 0.76 0.92 1.37 1.40 0.74
F|92 Land use condition "I\I'Ianisvors;t -0.69 0.95 0.92 - - -
E uppertal— - - -
a Buchenhofen 1.19 1.34 0.91
) o " s|_ Remscheid | -056 | 082 090 - - -
Table.2 Physical properties in each land use 2 ©| Ludnghausen- | _ oo [ op 092 B _ ~
n Brochtrup i i i
UsGs Abedo |Evaporation|e . . [Roughness|, . i Duisburg—Baerl -1.00 1.32 0.91 - - -
efficiency length
— Waltrop—
Land use code Land use [%] [%] [%] [m] |[§/mi-K-595] . -0.12 0.45 0.92 = - -
Urban 15 10 88 08 126 Abdinghof
2 Dry cultivated land 17 30 985 0.15 1.68 Gevelsberg— ~0.60 088 0.90 _ _ _
3 Irrigated cultivated land 18 50 985 0.15 1.68 Oberbréking ) ) i
5 Mixed cultivated and grassland 18 25 99 0.14 1.68 Bergzabern-Ba -1.63 1.70 091 - - -
: Mixed nuléivateld :nd forest :: ?: 9:: 00.12z :22 K Heidelberg 203 300 091 - _ -
1 Deciduous broad-leaved forest | 16 30 93 05 167 i Kaiserslautem | -0.99 1.15 093 - - -
13 Evergreen broad-leaved forest | 12 50 95 05 209 a Karlsruhe -1.60 173 092 -054 | 061 0.73
14 Evergreen coniferous forest 12 30 95 05 167 r Pforzheim-
6 Water 3 100 08 00001 252 o i Ispringen -0.13 0.72 0.92 0.46 0.66 0.61
a Rheinau- _ _ _ _
E Memprechtshofen 044 071 091
. e Neubulach— _ _ _
4. ﬁ;ﬂﬁ*ﬁwﬁ*ﬁ Oberhaugstett 012 0.94 091
T L ZBAADEER (BUAD 75 DORRfE & SUR OB R
oM LIz, E5IT, MRS OKIRDAT DOHTRE R & 5
PR U7, Z0#Ti2i% 2008 47 A 23 HvD 8 A 23 H Ok
RKHDAH (9 RF~14 Kf) OFHHEAERZ AW 15
~ - s Y]
4.1 xBoIHY D DEERE & URDEER T
i 3 S 3 =y i g .
WA OBHEMFZE CIY, W RME B OKGRI T ED 51 —Berlin
il - [
SOHED 2 /30 1 FZHBiIT 5 L BRI Y. Ak 5 —Essen
SN - o
FBHTZ BN T BRI b DORFREZ IR & LTt L7z, €05 ~~Karlsruhe
U
o - . =
FHURDZRRIND D OFERE L R A 45 L7 50E B3
DOEfRZE 31259 3 HilliE & IZRRA DD DRREEA K 0
&< 7% LIRS LS D BIM AR STy, AHBIR 0 > 10 15 20
distance(km)

BONSOERKIR EAOBE O/ SV HE biER S,

FEWRE D/ NSWH ORI E LT, H—/L A L— il
DT H 24 B 14 BORIE « A2 SR LTSS D
PR & SUROBIR A MR 20 R H 7 H 25 H & T
4, B5 1”7 QiR EAOBEED/NSWHORFE L
T, Ty Hlo 7 A 28 H 14 FFOKIE < | v
O3Ai &R DR & RIR O BEfR 2 B 72K B
7TH 24 B EPFETKG, X TITRT. TIPSR S
NRIBROFETH D L BB SNT-.

Fig .3 Relationship between distance from suburbs and air temperature
rise on fine day in each region




25, July

(Typcial fine day)
Fig.4 Air temperature distribution in Karlsruhe area at 14:00

(Small correlation coefficient day)
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Fig.5 Relationship between distance from suburbs and temperature in

Karlsruhe area at 14:00

28, July
(Small temperature rise gradient day)

24, July

(Typcial fine day)
Fig.6 Air temperature distribution in Essen area at 14:00
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Fig.7 Relationship between distance from suburbs and temperature in

Essen area at 14:00
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Fig.8 Relationship between distance from the suburb and coast and air
temperature rise on fine day in each region

Table.5 Air temperature at windward and leeward points of the city

Inland oity Coastal oity
Temperature(°C) Temperature(°C)
#9 | oumpomt | botiompoint |97 | Y | oimooint | bottom poin | 4Feronee
7/25 304 312 08 8/3 276 358 83
26 314 318 04 4 217 36.1 84
8] z 307 314 08 7 276 356 80
el 2 305 312 07 22 277 358 8.1
& 2 300 306 06 | 8| 23 280 359 79
31 29.1 29.7 06 | o[ 2 218 375 97
8/1 309 316 07 |2 = 280 368 89
7/24 243 258 16 26 279 359 79
28 303 316 13 27 217 356 79
30 268 284 16 28 217 350 73
8| a 300 315 15 29 279 344 65
<[ e 202 216 14 8/5 288 348 60
&1 s 272 285 13 21 284 344 60
14 198 210 13 | g | 2 286 344 58
15 202 216 14 s | 25 282 335 54
16 205 218 3 |5 2 28.1 347 66
7/24 253 265 12 |°] 2 28.2 34.1 59
25 276 290 14 29 28.7 354 6.7
28 239 244 05 30 284 35.1 67
o | 20 286 296 10 8/4 279 316 37
5[ enm 231 242 1 |s[ s 276 33.9 63
I 283 290 o7 |5 7 271 324 53
] 13 214 236 22 § 25 280 343 63
[ 1a 213 223 0 |Z] 2 278 328 50
16 208 22.1 13 29 215 32.7 52
17 226 24.1 15
18 25.1 265 14
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Karlsruhe area
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Fig.9 Air temperature distribution at 14:00 in fine day
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