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Environment Performance Evaluation for City Hall with Large Void Space and Solar Chimney
Part 5: Time Series Calculation with Network Model
using Wind Pressure Coefficient Obtained by CFD Analysis
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Installing Natural Ventilation(NV) system in office buildings leads to the reduction of energy consumption
of HVAC, which accounts for approximately 50% of total in an office building. However, it is difficult to
estimate the NV performance before its completion, because the NV system is easily affected by the outdoor
environment. Thus, its design method is not yet accomplished. This study aims to easily estimate the NV
performance by using transient network model, and the wind pressure coefficient used in the model was
obtained from CFD analysis. The theory, CFD analysis and network model are described in detail by this study.
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Fig. 2: Schematic of network model
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Fig. 1: Schematic of NV system at the target building
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Fig. 3: Model of target building
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Table 1: Method of Analysis

CFD code Fluent ver. 19.2
Turbulent model SST k-o
Discretization scheme QUICK
Algorithm SIMPLE

Steady state, Isothermal condition

Table 2: Analysis condition

Analysis domain 77.918m
X min.: Velocity inlet
with velocity profile (See Fig. 6)
X max.: Pressure Outlet
Y min.: Wall
Y max.: Symmetry
Zmin., Z max.: Symmetry
Wall o f building: Wall
N (preliminary analysis)
16 directions (Main analysis)

Boundary condition

Wind direction
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Table 3:
Method of Calculation

Programming
language
Solution Explicit

Time Transient
Algorithm See Fig. 9

Solar chimney

—@ Nodes
@ Outdoor air
O Indoor air

offi .
e o é! Stair-

s 30
Office

area SF

Fortran

Table 4:
Calculation condition
Model See Fig. 10 ]
time step 1.0x10° ms | void spoike
Initial condition
Temperature
Outdoor air 24 °C
All the others 28 °C

area 2F-E
Other conditions Offce s
(identical at all the node)

Gauge pressure 0 Pa

calculated by| 2%, 1y e’

(Eq.9) Fig. 10: Target building model
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Indoor Environment Controlling for Universty Lecture Room with Displacement Ventilation
(Part 1) Prediction case of thermal and air environment in lectureroom by CFD
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In recent years, social concern for global environmental problems has been increasing, and compatibility between
comfortable classroom environment and energy saving is required. It is important for university lecture hall to provide
comfortable thermal environment for students receiving lecture. Therefore, displacement ventilation is proposed to use as
ameans of obtaining high indoor air quality in lecture room. This study is intended to investigate the validity of the system
and optimal design proposals are made. This paper shows the results of CFD simulation.
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CFD Code Stream 14
Turbulent Model Standard k- model
Algorithm Steady State b) Y-Z section
Number of Mesh 224 x 247 x 57 (3153696) Fig. 2 Mesh layout [mm]
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Table 2 Boundary conditions
Generalized log low
Wall Condition Definition temperature
Emissivity: 0.9
Definition flow rate
Definition temperature
Inlet Supply opening ‘o 3 Uy, e ikg
2 ' L
(1=1%, C =0.09, L=0.003m)
Outlet Exhaust opening Define flow rate
Heat generation 7, 200W (60W/person)

Table 3 Conditions of each supply air temperature

Air flow rate | Temperature of supply air Temperature of supply air| Temperature of supply air
[m¥h] 1-4 [C] 2-5[C] 3.6 [C]
Case 1 20 20 20
Case 2 20 18 20
3000
Case 3 18 19 20
Case 4 18 20 18
Case 5 7200 20 20 20
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Controlling Method of Indoor Environment in Sickroom with Ceiling Induction Diffusers

(Part 9)Effect of the Proportion of Induced Flow Rate on

Thermal Enviornment and Ventilation Effectiveness
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Tomohiro KOBAYASHI*1

Toshio YAMANAKA*1

Nare CHOI*1  Ying LI*1

*1 Osaka University

In the previous studies, we disscussed indoor thermal environment and ventilation effectiveness by changing the location

of exhaust duct, tracer gas and also compared the results under conditons of "with curtain" and "without curtain". In this

study, further, based on the previous experient methods and results, the authors changed the size of induction area of

diffusers for figuring out how the proportion of induced airflow influences the indoor thermal environment and ventilation

effectiveness.Meanwhile, we also measured the heat transfer radiation under different conditions.
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Table.2 Equations for radiation temperature

S - R TR
PEAFBIER R (2019.3.11)

2.2 IEHBE

XD ICKVBHEEZREH L, ZOREREZX (2)
WZARAT D Z LTV HRE 2R 3 %, (Table. 2)
Table.3 25551 126 - B - RPAKRMFICE T 245
VT T "C D TS Ko OY A Wi oD et & S8 NI D
PESRER 2R T, BRI BIT D HRE 2O FR &
LT, R L BRRRIBEEORENTHEND, £
72 BEHEENER I snZ s, JIEROSR
EENE < RIFWENRE O _EFHIC L0 RIFEIEEN
Lo WEBLE X LND,

Table.4 Equations for CO, concentration

Equations Nomenclature Equation Nomenclature
£ U to(8 4 273.15)* (1 U: Volt[V] Cn: Normalized concentration[-]
=— 4o . . ) C, — C.
S S: Sensitivity coefficient[-] Cp= % (3) Cp: Indoor concentration[-]
7 A~ Csa

)

6: Indoor temperature[°C]

o: Stefan-Boltzmann coefficient=5.67*108

Csa: Supply air concentration [-]

Cga: Exhaust air concentration [-]

e=1
T: Radiant temperature[K]
Table.1 Results of induced air velocity and air flow rate
Induction Full open-the first time of measurements Full open-the second time of measurements
area[m’] measurement | average air velocity[m/s] air flow rate[m*/h] measurement | average air velocity[m/s] air flow rate[m’/h]
points wall side aisle side wall side | aisle side | Total points wall side aisle side |wall side | aisle side | Total
il 0.14 0.15 il 0.073 0.17
0.046 2 0.11 0.09 i2 0.11 0.12
) i3 0.11 ] 0.13 | 0.08 | 0.13 21.6 219 | 43.6 i3 0.09]015[015]020| 249 | 324 [573
4 0.14 0.18 4 0.21 0.30
i5 0.16 0.17 i5 0.28 0.25
Induction Half open-the first time of measurements Half open-the second time of measurements
area[m’] measurement | average air velocity[m/s] air flow rate[m’/h] measurement | average air velocity[m/s] air flow rate[m’/h]
points wall side aisle side wall side | aisle side | Total points wall side aisle side |wall side | aisle side | Total
il 0.26 0.29 il 0.27 0.32
0.023 2 0.24 0.13 i2 0.23 0.27
’ i3 0.24 | 0.27 | 0.21 | 0.25 222 20.3 42 .5 i3 0.27 1 0.26 [ 0.27 | 0.28 | 21.9 23.5 454
4 0.30 0.30 4 0.25 0.30
i5 0.30 0.30 i5 0.30 0.26
Table.3 Results of heat radiant temperature
Radiation to upper side plane Radiation to under side plane
. Radiant & Indoor . Radiant & Indoor
Radiant temperature[°C . Radiant temperature[°C .
P [*Cl temperature[°C]-section A P *cl temperature[ °C]-section A
o 29 - A-+~B=C %T 29 —e-radiation temperature o 29 -+ A4+BnC =) 29 —e—radiation temperature
= 2 28 — 28 indoor temperature 2.8 e, 28 indoor temperature
(PR =N I} I 3} ®
Il ERY) 52 £ 27
QS|s = = 2
25|52 —ft g 26 — £ 26 £ 26
? 2l = o g = o] — , —"°
L E|E2s g 25 g2 g 25
S5 o8 24 = o 5
= = 24 2 24 S 24
x1 - x2 x3 x1 x2 x3 x1 X2 x3 x1 x2 x3
Section number Section number Section number Section number
S,T 29 e A-+BanC gj‘ 29 = 29 oA-4+B=C o 29 —e-radiation temperature
8 ‘: 28 = — 28 .28 2. 78 indoor temperature
selegl =< | - .
58| > é 27 Ew .\/‘ ERY
&5|5 2 5 26 - S 26 ———— g 26
=l R a. —e-radiation temperature 153 2
= 5]lg & g 25 . 225 g 25
< o2 S indoor temperature £ g
sl = 24 = 24 [“_’ 24 = 24
x1 X2 x3 x1 x2 X3 x1 x2 x3 x1 X2 x3
Section number Section number Section number Section number
=} 29 *A+B#C o 29 —e-radiation temperature — 29 *A+B=C =) 29 —Q—lradiation temperature
e, 28 o . O 28 5 28 indoor temperature
= = 28 indoor temperature e —
23 E 27 - - - 2 2 o 27 /‘ g 27 ~\/0
._SIE:' s 26 S § % ——o—° § 26 = § 26
A = ¥ r
= 8 S 24 g g 24 E 24
- & x1 x2 x3 = 1 ) 3 £ x1 x2 x3 = x1 x2 x3
X X X. .
Section number Section number Section number Section number




Table.5 Equations for local mean age of air

Equations

Nomenclature

(%)

Cp(t) = me(t —1)Rp(t)dt
o

Co(®) =f Q- Cs(t—)Rp(mdr -..(5)
0

0 ) x<a
Re(6) = {b cemct-a) x>a

..(6)

_ Sy tRp(t)dt
™= Iy Rp(t)dt

A7)

Cp: Indoor CO; concentration[-]

M: Emission rate of tracer gas [L/min]
Rp: Impulse responsiveness|-]
Q: Ventilation rate[m3/h]

t: Time[s]

T: Local mean age of air [min]
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Displacement Ventilation for a Four-bed Hospital Ward

(Part 1) Influence of Cooled and Heated Walls on Temperature Distribution

OF o CRIRKT) s R (RIRKT)
ABR A CORBRK) B L (KIRKT)
FE K& (RIRKT)
Miho WAKASA™ Toshio YAMANAKA™ Tomohiro KOBAYASHI™
Narae CHOI'™ Taisei [HAMA™

"' Osaka University

In this study, displacement ventilation is proposed to obtain high air quality of the occupied area in hospital wards.

However, downward and upward air flows along the cooled and heated windows or outer walls are likely change the

thermal environment and air quality of the occupied area. This paper shows the influence of the cooled and heated walls on

the temperature distribution in the four-bed hospital wards. As a result, it turned out that the cooled and heated walls have

significant impact on the horizontal and vertical temperature distribution.
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Tablel. Thermal condition

15°C Air Supply

CaseNo. |0C(C) SA(C) EA(C) EA-SA('C) |OC-SA(‘C)
1 10.17 14.77 15.68 0.91 -4.60
2 10.39 14.74 15.80 1.05 -4.35
3 11.66 14.77 16.75 1.99 -3.10
4 11.74 14.74 16.66 1.93 -2.99
5 12.75 14.78 16.71 1.92 2.04
6 14.06 14.74 16.74 1.99 -0.69
7 15.49 14.77 17.55 2.78 0.71
8 17.06 14.67 17.67 3.00 2.39
9 18.21 14.78 18.22 3.44 3.42
10 19.20 14.83 18.26 3.44 4.37
11 19.35 14.82 17.84 3.02 4.52
12 21.16 14.84 18.39 3.56 6.32
13 2348 14.83 18.73 3.90 8.64

20°C Air Supply

CaseNo. |0C(°C) SA(°C) EA(°C) EA-SA(°C) |OC-SA(°C)
14 13.54 19.94 20.11 0.17 -6.40
15 14.70 19.92 20.06 0.13 -5.22
16 15.12 19.86 20.72 0.85 -4.74
17 16.35 19.99 20.77 0.78 -3.64
18 17.55 19.93 20.99 1.05 -2.38
19 19.83 19.97 21.24 1.27 -0.14
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Displacement Ventilation for a Four-bed Hospital Ward

(Part2) Influence of Cooled and Heated Walls on Contaminant Concentration Distribution
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B HUR (CRBRRE)
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Taisei [IHAMA™  Toshio YAMANAKA"™ Tomohiro KOBAYASHI"
Narae CHOI"' Miho WAKASA™
"'Osaka University

Unpleasant odor from inpatients’ bodies or their discharges in the hospital wards is one of the most problematic issues in

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

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

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

of upward and downward convection flow on the contaminant concentration distribution.
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Capture and Containment Mechanism of Local Exaust Hood in Commercial Kitchen
(Part 18)Evaluation Method of Hood Capture Performance based on Tracer Gas Concrntration
Response in Exaust Duct
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In the commercial kitchen, the working environment is growing worse due to cooking pollutants and combustion

exhaust gas, so an appropriate ventilation design is necessary. It was suggested that it is better to devide the hood collection

phenomenon into capture and containment to treat, and the capture and containment performance at pulse evolution was also

analized by CFD in previous study. In order to verify the accuracy of the result obtained from CFD analysis, the experiment

on grasping capture and containment performance of hood is carried out in this study.
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Capture and Containment Mechanism of Local Exaust Hood in Commercial Kitchen

(Part19) Influence of Hood Capture Performance with Baffle Plate by CFD
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In a commercial kitchen, the environment is growing worse due to a large amount of effluences of heat and cooking

substances. To make a comfortable kitchen environment and reduce energy consumption, it is necessary to remove them

efficiently with minimum exhaust flow rate. In this paper, the influence of the buffle plate shape of hood and its installation

height on the capture efficiency of cooking substance was grasped by CFD analysis using a model of actual size. In

addition, the capture efficiency was also calculated based on the result of CFD analysis in this study.
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Ventilation Design Method of Buildings Located in High Density Block Area
(Part 1) Distribution of Cp Value and Velocity between Buildings based on Wind Tunnel Test
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The purpose of this research is to suggest a stable ventilation method, that utilizes wind effect, for office buildings located

in where buildings densely distributed. This paper first shows the result of the wind tunnel test to obtain wind pressure

coefficient and wind velocity of the modeled building. Based on a study varying a slit size between builidngs located in

block, a correlation between these value and slit size is to be shown. Then, total pressure that was calculated by wind

pressure coefficient and wind velocity is to be shown and to be proposed the wind profile flow into blocks.
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When designing natural ventilation buildings, it is necessary to decide opening area and aim of air change rate. However

in buildings located in city where buildings are densely distributed, the way of ensuring stable ventilation is very important

matter and estimation of flow rate is not easy. This study focus on C, value and the airflow between buildings located in high

density block area. And wind tunnel test using city block model was conducted. This paper shows the results of CFD anlysis to

grasp similarity of airflow around small-scaled city block model.
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Study on CFD Modeling Method of Airflow from Natural Ventilation Opening
(Partl) Velocity Measurement under Isothermal Condition for Built-in Peri-Counter Box Type

ol K (KBRKY) AR R CRBROKR)
i R (KBRS kR (RBR)
PR R (ORBROKR)
Hajime AKASHI"'  Tomohiro KOBAYASHI"' Toshio YAMANAKA"™
Jihui YUAN"' Tatsuya NIWA"

"' Osaka University

HVAC system designers often use CFD to predict airflow properties of natural ventilation (NV).However, calculating airflow
pattern in the entire of office is difficult, because CFD analysis requires a huge number of computational grids.Therefore, it is
important to properly simulate airflow through NV opening while reducing calculation load. The purpose of this paper is to
clarify the characteristic of airflow from built-in peri-counter box used for NV system and to obtain true value and boundary

conditions for CFD analysis.
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Study on CFD Modeling Method of Airflow from Natural Ventilation Opening
(Part2) Reproduction of Isothermal Airflow by CFD Analysis for Built-in Peri-Counter Box

Type
O =ik (RIRKF) AR IR CRERKRSE)
i 2k (CRIRKRS) =R (KBRKRF)
A K (KBKF)
Tatsuya NIWA™'  Tomohiro KOBAYASHI"' Toshio YAMANAKA™
Jihui YUAN™ Hajime AKASHI™

"' Osaka University

Recently the natural ventilation(NV) system have been introduced into office buildings for improving comfort of indoor

environment and saving energy.Compared to complex actual measurement methd, CFD analysis is often used to investigate

airflow distribution of indoor ventilation.Thus, it will be more efficient and convenient if the CFD analysis could be

well applied to investigate airflow distribution from the NV opening.The aime of this study is to propose an appropriate

reproduction method for the CFD analysis of the airflow for built-in peri-counter box type.
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Fig.4 Turbulent Kinetic Enegy Distribution near the Inlet of Model
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Correction Method for Response of Measuring Instruments with Time Delay

O ¥t H B M (fEHKF) Ft | =B (BIHKTF)
Yoshihisa MOMOI*! Koichiro ITO*!

*1 University of Fukui

The tracer gas decay method is generally used to measure the ventilation rate of a single-room. However, the effect of
the time delay with measuring instruments on the calculation accuracy of the ventilation rate has not been fully examined
in this method. Therefore, the purpose of this study is to predict the true response without the time delay caused by the

response speed of the measuring instruments. In this paper, it was reported that the prediction accuracy of the ventilation

rate was evaluated by the deconvolution with the response speed of the measuring instruments.
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Fig.2 Impulse response and regression curve

Table2 Coefficient of regression curve for impulse response
A erf Ber/' A inn % ﬁ w C
RO1 | 0.067 | 0.177 | 0.060 | 0.100 | 0.314 | 0.177 | 1.17

RO2 | 0.047 | 0.097 [ 0.034 | 0.055 | 0.159 | 0.094 1.14
RO3 | 0.013 | 0.717 | 0.013 | 0.015 | 83.70 | 1.110 37.6
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Impinging Jet Ventilation NN ZENIRIZEFRIICEAT A
(20 1) IBRAARSHEERICSIT 3 ZENREOER X
Prediction of Indoor Environment for Impinging Jet Ventilation System

(Part 1) Fundamental Properties of Indoor Environment
with Distributed Interior Heat Generation Load

Ofnil H¥ (RHR)
i &R CRBR )

INRHE CRBOR %)
#® L CRIRR)

Mako MATSUZAKI" Tomohiro KOBAYASHI" Toshio YAMANAKA"™ Narae CHOI™

"'Osaka University

As an air distributing system with high ventilation efficiency, a displacement ventilation system is known. However, this
system can only be use for cooling and occurs excessive vertical temperature difference. To overcome these disadvantages,
the impinging jet ventilation system has been dproposed. However, few studies on the indoor environment created by this
system. In this study, the purpose is to understand the indoor environment and to construct a calculation model when heat
loads are distributed. In this paper, the experiment with cooling mode was conducted in the climate chamber provided with
1JV system and the basic properties of temperature and CO2 distributions were investigated.
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Table2 Experimental conditions

Experimental | Number of Assurmed Exhaust Heat Load | Supply air Temperature | Temperature difference Total Supply air flow rate[m*/h] Total Supply air velocity
Number | JV terminal | Temperature Tr[°C] [W] Ts[°C] (Tr-Ts)[°C] 250 300 375 500 [m/s]
1 5 12 o 1.96
2 2 7 10 (@] 2.36
3 9 8 (] 2.95
4 11 6 o 3.93
5 17 1000 5 12 o 3.93
6 | 7 10 (@] 4.72
7 9 8 o 5.89
8 11 6 o] 7.86
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Table 1 Details of heat load

Assumed number of occupants 4
Heat genaration rate of occupants (sensible heat 60 [W/person]) 240
Other heat load (28 [W/ni]) 760
Total [W] 1000
Total heat load per unit area [W/ni] 36.7
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Table 3 Supply * Exhaust - External Temperature, Heat loss

External air Heat loss | Heat loss ratio

Temperature[°C

[el BN Ko N KV, [N SNy [US T 1 \5)

Experimental | Number of | Assurmed Exhaust | Heat Load Supply air Exhaust air
Number 1JV terminal | Temperature [°C] [W] Temperature[°C] | Temperature[°C]
1 993 16.08
2 16.32
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Table 4 Value of variable and Archimedes number

Fig.7 Vertical CO2 normalized concentration distribution

Fig.8 T# (% L 7= 1600 ~ 2600mm o ¥l % b #FIEE
20 ~ 100mm O X % TR E & L=, Fig9 27 /v
F AT A M oTIRE A OMBBR Z RS, BRTiR
JEEIUL T ORI W EH L,
Te - T{’

7T .(3)
Fig9 LV, 7AF 2T 2AHERREL FREN/HEL)
725 L R TTIRE AT - EOMISE SR E o7z,
Fo. WTROT LR AT 25 ERITIREZE L O
IR ERE C &, FAR D2 & R R 2 28 5 L TR R
HWEBRIEEEEZRERETL LT RABRENELL T
b ETNREENEDD Z LRSI,

T.: Exhaust air Temperature
Ts: Supply air Temperature
Tp: Lower Temperature
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Natural Ventilation Performance of High-Rise Office Buildings with Light Well

(Part 2)

On-site Measurement of Indoor Environment and

Evaluation of NV Rate under Actual Operation
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The purpose of this work is to accumulate the knowledge regarding natural ventilation performance based on actual

examples. The previous report showed the results of field measurement of age distribution and ventilation rate before

occupation in the actual office building where natural ventilation system utilizing both wind and buoyancy is applied. This

paper presents the results of on-site measurement of Indoor Environment and and ventilation rate under actual operation.

1. [ZC®IZ

NSRBI 58 =k VX —OHLY {14 BCP %}
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FORBRIRETICHED Z & b2V, . Rtk
WARE L7 ERE 2 E R IR S LD 00 b fli 2 D FE
B Ee2 5, N6 Enb, FHE LT
DFN RO/ T2 ZEFED RO BTV D

2. EAIME

Table 1 (ZHEZE 2 /R 9 KIRKTTPNICALE 35 22 BEEED
I T 4 AEMTEB T 20184F4 H 16 H~4 H 27 A,
10 A 15 H~ 10 A 26 H ORI CHERMEIT/Ro7, X4
AEWIZITE ) - EAOFRTL A RER T AT A6
~ 22 M EA S, BHERFORE Y ICE D 6~ 17
BRI H O BARA B CLlE) . 18 ~ 20 B+ E
HAORNARA R, 21 ~22 BEIX@mEHOEANRA R
P S NC\W\ 5, MERHFEIT 49,612 m* TH V.
RIZIT 19 B (1,330 m®) & L7, HRIK OIS

Table 1 Schematic of the Target Office Building

AMFFETIX, FEHNTEED < PEREFEAN @fﬂ Ra&mM Floor Number 22 Stories
LTt 22 M L, BB TR A Buildings Building Height 105 m
K (BSAAR) 2HT28MICER L TR LERE £ Target Floor of NV 6~22F
DEMIZB TR E & Wh#@%{#ﬁ@fi%?ﬁﬂ?}ﬁﬁ Total Floor Area 49,612 m’
AT o Tz, ARMTIEPHEEICAT - 2 REMH TIZBT Office Area of 1 Floor| 1,800 m’
é@ﬁ%a&@?ﬁ&m;/ﬁﬂmODﬁ% ZOWNWTIRR A, Target Floor Ceiling Height 2.85m
Floor Height 440 m
—(L L, 60,000
r =Ny N e | N
;" 22F ] ThEr N [a] ‘ ) % m : Portable CO, Concentration Recorder
5[12121 N=N=x Middle-Floor Void (27 m?) Upperfioor Void (27 1) < : Flow Pass
< {;_;z_{ i i: {;;;;vlle(rllzlﬁlozl;< Izdight \\\ L }\/!Qtor Damper N _
iy " I . -ﬁ}- 1 g, ’ R L‘ 7 o, 2
S| Tk / r NG Openings 1 4 R 3 2700
T . ! Office Room (1330 m?) s 20 1B
;i n° " " . e = : | Light well 1(1[%1 § <
E A || | Office Room .10
1 =] [} ————
[ [ [ [ [ [ [ [ [ NV Openings
L 0 7900 15800 23700 31600 39500 47400 55300 63200

(1) Schematic of Cross-section (2) Floor Plan

(3) Intended Ventilation Route

Fig.1 Schematic of the Target Office Building and Measurement Point
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J) B ZEEO BEMS #Hl7 — 4 & | Table 2 (27375
ENENDO A ZHOVTHRAHEZENT 5, 7ok,
SMEER O B AR R X EREHIEFEET 5D O T,
0A 1EE D p-Q FrtED HHEE L7cfEa V223, M
) C I R R I ER RE & 2 L C B AR DB
FORE I VLI 7 & fe RBHEE I [E 8 L CiEM 21T 5 T
W5, FERIIFE ST B R O B DR T SR &
B LT, TOHBENRE & ERFOREEM (KK
BEXEKRERRET —4) % Table 31”7, 728, 4+
I 1/3 ~ & A RE L CHEFR 105 m TOJRGE
ICHE L, PRAMEEEE AT IZ5E N 54 S OFEHIZ L 5
IR L AMVRIR & DIREZDOFREFIESE & LT,

4. FAEREER

ARFTIE, REBELTEHICONTITS4H 19
H, 27 B, BKEICTIX10 H23 A, 24 HDOE4 HE D
fER A bk L, Fig2 ~ Fig.5 134 HICHB 1T 2%
BOMRREEZRT, T EXICHKRBES O R OR
A4 RBAALOFA - Wil Uz BRI R & & iR r 3K
. FTRIZ& % OB OEICE T A A EE 7T,
P OAMEITENSOFHER L, AT 0 [mY
h] ORI IE B R 0 K OV R A KB AAPAEH L T
HZEERLTWVD,

BEL CMAREICK L CIHED TR RKRELBES
nNTWs, ZOKKE LTI, SBEEOHRRK D

Table 2 Each Effective Opening Area

oA [m?]
Void Opening NV Opening
West East South
0.926 0.14 0.14 0.365
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DA BTN LTZZZANRA R BHH L TS|
REMED & DA, AR Y E R EAREEZ i Lz
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WAHHBREMEDERE LTEx LN,

B O EBAI DR B CIEAR A FBE O TITHFIZEN D
SBEARA FICHHELTWSZERNbh, 512
H AR D TR « 2SR # I L AR b -
TITONTWDZ EREETE D, 9END 18 FFIZ
BT D BHARIKUC L DB OFEIEIZ 4 H 19 A
13220 [1/h]. 4 A 27 HiX 2.18 [1/h]. 10 H 23 HIE 1.39
[1/h].10 H 24 A% 1.84 [I/h] TH -7z, EEAICHFEY
IR T OBREIT/NES L oz, ZHEIZEH
MOFERMOENNKEZREREEZZ L, KO
FEA T LD HITHBEEICHATE T, JLH
INBFMAT B RERLE ST, —HFEHITE
JRFEATETH O . FEERD D DOWAN SN &Ny
N5b, FlomEHAERNARA R 18F, 19F, 20F 2S840
EhTBY, 20 HH 19F DHEH L TV FEN
T _Co7a 7 Z2#EA L TWRKERNC S LTt
KN LWRER L 720 1 78T OB TOWRKREN
T H KB O PR AR R S e o 72,

10 A 23 H & 24 BELEET S E 23 HITENSO
BEENPRKEIWVICHEDLL T, BREIEIXFIZ24 A
DE <, B E B OANRIRA RN L 7o TN D,
T 24 H oA ERGE L 5.8 m/s & 23 H @ 3.3 m/s

WZHARTEWZ ENEREEZHND,
Table 3 Cases and Weather Conditions

Mean Lower
Date DWn}[d Velocity 216[ 9[0?3 ?g Limit

irection T ( )| [C] °c]
4/16 | Mon N 5.8 16.2 8.9 18.0
4/17 | Tue NE 53 16.4 8.7 18.0
4/18 | Wed NNE 3.4 18.7 6.5 18.0
4/19 | Thu WSW 5.0 20.9 4.3 18.0
4/20 | Fri WSW 33 23.6 1.7 18.0
4/21 | Sat W 4.3 23.0 4.0 -
4/22 | Sun SW 5.2 22.9 4.0 -
4/23 | Mon WSW 5.9 22.7 2.7 19.0
4/24 | Tue NE 2.5 19.1 6.0 19.0
4/25 | Wed NNW 4.7 17.2 7.8 19.0
4/26 | Thu NNW 3.5 19.3 5.9 19.0
4/27 | Fri SSW 4.3 20.3 5.0 19.0
10/15 | Mon NNE 2.9 21.3 5.1 18.0
10/16 | Tue NE 4.0 20.7 5.2 18.0
10/17 [ Wed N 4.7 21.0 4.9 18.0
10/18 | Thu SW 33 21.8 3.2 18.0
10/19 | Fri SSW 3.4 21.6 3.5 18.0
10/20 | Sat NNW 6.1 18.8 5.9 -
10/21 | Sun NE 4.2 20.1 5.6 -
10/22 | Mon NNW 3.0 21.2 3.9 16.0
10/23 | Tue NNE 33 18.8 6.2 16.0
10/24 [ Wed N 5.8 20.9 4.2 16.0
10/25 | Thu N 4.4 20.1 4.6 16.0
10/26 | Fri N 2.7 22.4 2.8 16.0
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Fig.2 Time Series of Estimated Natural Ventilation Rate during Spring Measurement Term (19th of April)
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Fig.3 Time Series of Estimated Natural Ventilation Rate during Spring Mesurement Term (27th of April)
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Fig.4 Time Series of Estimated Natural Ventilation Rate during Autumn Mesurement Term (23rd of October)
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Fig.5 Time Series of Estimated Natural Ventilation Rate during Autumn Mesurement Term ( 24th of October)
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Fig.6 Indoor Environment (19th of April)
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Fig.7 Indoor Environment (27th of April)
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Fig.8 Indoor Environment (23rd of October)
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Fig.9 Indoor Environment ( 24th of October)
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Natural Ventilation Performance of High-Rise Office Buildings with Light Well
(Part 3) Measurement of Vertical Temperature Distribution inside NV Void under Actural Operation
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The purpose of this work is to accumulate findings regarding natural ventilation performance based on actual examples,

especially natural ventilation buildings with outdoor void. This paper presents the on-site measurement of vertical

temperature distribution within indoor/outdoor void space designed as flow path. The results show that temperature inside

the outdoor void besomes higher than outdoor temperature and it works to promote buoyancy-induced ventilation.
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Fig.1 Measurement Point of Vertical Temperature Distribution
inside Outdoor/Indoor Void for Natural Ventilation
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Table 1 Status of NV Operation

Date NV Operating | NV Operation On-Site
Time [min] | Time Ratio [%] | Measurement

Oct.15th (Mon) 540 100 @)
Oct.16th (Tue) 540 100 O
Oct.17th (Wed) 540 100 O
Oct.18th (Thu) 540 100 O
Oct.19th (Fri) 540 100 O
Oct.22nd (Mon) 518 95.9 O
Oct.23rd (Tue) 540 100 O
Oct.24th (Wed) 540 100 O
Oct.25th (Thu) 540 100 O
Oct.26th (Fri) 488 90.4 O
Oct.29th (Mon) 540 100
Oct.30th (Tue) 151 28.0
Oct.31st (Wed) 0 0

Nov.1st (Thu) 92 17.0

Nov.2nd (Fri) 251 46.5

Nov.5th (Mon) 486 90.0

Nov.6th (Tue) 520 96.3

Nov.7th (Wed) 530 98.1

Nov.8th (Thu) 506 93.7

Nov.9th (Fri) 0 0
Nov.12th (Mon) 333 61.7
Nov.13th (Tue) 232 43.0
Nov.14th (Wed) 0 0
Nov.15th (Thu) 0 0

Nov.16th (Fri) 71 13.1
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Fig.2 Vertical Temperature Distribution inside Indoor NV Void connected to Middle Floors (October 26th)
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Fig.3 Vertical Temperature Distribution inside Outdoor NV Void connected to Lower Floors (October 26th)
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Evaluation of Mechanical Ventilation System for Bio-Clean Sickroom
(Part 4) Effect of Flow Direction and Supply Opening Area on Ventilation Efficiency
under Non-Isothermal Condition
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In April 2012, the facility standard of bio-clean sick room was changed by the notification by the Ministry of

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

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

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

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

various ventilation methods for bio-clean sick room and aim to perform quantitative performance evaluation.
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Fig.1 Floor Plan and System Diagram of Ventilation System for Bio-Clean Sickroom
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Table 1 CFD Analysis Condition
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CFD code ANSYS Fluent 17.0 Yo — S g st b 4 e g - .
Turbulence Model Standard k-epsilon Model ST :":ﬁ A )(jJ = EFEI 1:’j< THY v E T *% (& Passive
Algorithm SIMPLE Contaminant /£ S8 5T 21TWHEHH SN S,
Discretization Scheme QUICK - N NN . _ N -
700CMH 2O H ORI TIEIR, HYEREICE S EHKL)
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Boundry Velocity Standard Wall Function GYYERENRB EIILULTO L IR T ENTE 5,
Condition Exterior Wall 8W/m?
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Walls 2 e
a Heat Flux (Corridor Side) AW/m € (3)
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Window 25W/m’
. K 3 S a ¢ 2 A S, ISERTA S
Total Number of Cell gggﬁgﬁ ﬁiéﬁ% AT, &, & ZERRE Ny REBEE (Y R
s : > L S NG z N >
Modeling Method Sourse Term for Momentum Equation Sidl & 0 A5 3(30mm‘ IRII7> 5 1 ,100mm 2!
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Fig.2 Calculation domain and Mesh Layout for Case 2
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Table 2 Ventilation Efficiency for Case 1 - Case 4

At @i Contaminati.on
it [ () Removal Efficiency
Case [-1 (&%)
Around Around
Room Bed Room Bed
Case 1 0.630 0.733 1.35 1.62
Case 2 0.412 0.553 0.600 0.684
Case 3 0.566 0.696 0.791 0.772
Case 4 0.433 0.575 0.625 0.700
Table 3  Basic Information of Punched Metal
D orgnal | A | B | ¢
Diameter 3.0 mm
Pitch 40mm | 45mm | 5.0 mm | 6.0 mm
Porosity 50.9% | 40.3% | 32.6% | 22.7%
Width : W 8 mm 9 mm 10 mm | 12 mm
Hight : H 139mm | 15.6 mm | 17.3 mm | 20.8 mm
Thickness : T 1.2 mm
2.0

SVE3 []
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-
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o
o
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o
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Case 2
Fig.4 Concentration Distribution for Case 1 - Case 4

BRI VI e ol e 2 ST
IR R SRS (2019.3.11)

F B & Case 2 725 Case 4 Tl RIFN CTHER 22K
DN > TELP, N F 7 A ZLDORRILERN
SNRICEBERITTEEZBND,

BNUFUTAAIAAROELICKHEE
3.1 CFD @it E

BAFLER D2 R K DK N B~ DEEZ I 5 )T
THIEEEME LT, BB EDORR S 3
DI TF 27 A K VD CFD fi#HT %247 > 7=, Table 3 T
KX F T AZNVDOFEMERT, £7-. Table 4 (2
CFD fif#T b %, FigS I EWR M L, BERFMICE
FDA Y2 AT U NeRT, BT VOEKIET
JE_EA S00mm, BRI S00mm & L, N F T A H
JVDEIIE 1.2mm & L=, 2 EIE XA/ 0.4mm & L,
ST T AB NV B EEN DI LT o TS 1
EAREL D EIICHE L, MABERTITRA
HEOE A 10 B2 b S8, 0.1m/s 25 1.0m/s F
T, 0.1m/s RN ARITFRE L, T &2AT > 72, ESLIET
JACIIHEYE kg B V% VT,

32 EHhERFUR EFAAROELICLSEE
Fig.6 (ZfFHTHE R 515 b V2 = DR R 2 7R

Table 4 CFD Analysis Condition for Punched Metal

CFD code ANSYS Fluent 17.0
Turbulence Model Standard k-epsilon Model
Algorithm SIMPLE
Discretization Scheme QUICK
Inlet Velocity : 0.1 to 1.0 m/s (every 0.1 m/s)
k, € : based on Turbulent Intensity and Length Scale
Boundry
Condition Outlet Gauge Pressure : 0 Pa
Metal Wall : Standard Wall Function
Walls -
Symmetry : Free Slip
A 1227964
Total Number of Cells B :245,280
C:299412

Case 3 Case 4

Fig.3 SVE3 Distribution for Case 1 - Case 4

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

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

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

Case 4C

Case 4C
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Prediction of Natural Ventilation Rate for Mid- to High-Rise Office Buildings
(Part 5) Effect of Cp value Input for Flow Network Calculation of High-Rise Office Buildings
OG54 (RFRMNLRS) AR IR ORBROR ) e g CRERMINERS)
Yoshiko KAWAWAKE™  Tomohiro KOBAYASHI Noriko UMEMIYA™
"'Osaka City University ~“Osaka University

In this study, the flow rate of the natural ventilation building is evaluated by flow network model by using two types of
Cp values, database values and experimental values of wind tunnel test with its scaled model. In the previous study, this
Cp value database is acquired by the wind tunnel experiment of simplified city block. This paper analyzes three different
natural ventilation systems, i.e., cross-vent type, shaft-type, and combined type. Finally, the effect of the Cp values on

predicted flow rate applying different database conditions is studied for each system.
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Fig.1 Schematic of the Target Office Building
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Fig.6 Cp Value Distribution for Model 1 and Model 3 extracted from the Versatile Database
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Table 2 Effective Opening Area given in Airflow Network Model Calculation

Flow Path between

Shaft (one story) Exhast Opening

Flow Path [Natural Ventilation Inlets Office Room and Lightwell/ Shaft
West Side Lower Floos (6-17F) Lightwell (6-17F) Lightwell (6-17F)
ady, »=0.14 [m*] A pop-toer = 0.602 [m*] Ay gpger 5.177 = 632 [m*] 0A4,,,,, =4.085 [m’] -+ 2 openings
Effective South Side Middle & Upper Floos (18-22F) Shaft (Middle Floor) (18-20F) Shaft (Middle Floor) (18-20F)
Opening Area Ay 5 = 0.37 [mz] aA[mlhfuppt:r =0.71 1[’”2] aAy’LLShafI (18-20F)= 171 [mz] 04,4, =2.268 [m’] -1 opening
East Side Including resistance Shaft (Upper Floor) (21-22F) Shaft (Upper Floor) (21-22F)
,.| of the louvers and a damper ) .
aANVLE =0.14[m"] ad, ! Shaft (21-228) = =167 [m 1 oA, =1.134[m"] -+ 1 opening
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Ventilation Effect of External Wind Turbulence for a Room with Multiple Openings

(Part 11) Comparison of Ventilation Rate between RANS and LES
for Small Wind Pressure Difference Conditions
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*! Osaka City University

*? Osaka University

General equation for predicting wind ventilation rate using time-average wind pressure coefficient (C;) cannot take into

consideration influence of wind turbulence. Therefore, it cannot work well for a room with multiple openings of small AC,.

This work aims to clarify ventilation effect due to turbulence. This paper presents analysis using CFD by RANS and LES

for a room with two openings. The ventilation performance is evaluated by Purging Flow Rate (PFR) and Air Flow Rate

(AFR), and the flow rate between RANS and LES is compared.
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b, £z, B—BRNOEFTHHRK[ERENTER
WS, FERRICIEROELIC LA MANAL B, BT
DD A Ty = X LITH—BA N TIXENZER DL
PEIZ KX D ARENELG: & B 158 C O LA ENC K ARG 8
Lo 2HRHY P, BN THEEEBNC LV A
TN LT D HREY LR G TR T, B—
A2 -SRI ETIcb RO, 25
O CRJEARERZE D N2 5B DR &R EITIIR TSR
B2 b2, BEH O Tl BUERRERED 2 BN
HAHTHEEE I LES 24T\, EEICE S
L& (Purging Flow Rate, PFR™) & B 0l EH 12 K5
<% & (Air Flow Rate, AFR) 7% §Fffi L CJRUERR %

72 (ACy) MO1IFRELLTTIE ) XOEMIT L,
NN ERBROBRTHLZ EER LT, LaL,
AC, 73 0.1 % B> THE M TIEMA S & HIZH
DD Z EDDESNCENIE SN EEE S TIEA =
DK EN L2, £72, BEH ™' TIZ RANS &
LES |Z3531F % PFR D L& 217V, RANS TIL LES K
D LR ESE NSNS Z EE R LTz, Ll
RANS IZBT DMaHI o LidE 27, EOREDE
JEFRRELGAED D RANS OFREDG I/ 500 Wtk
AT, ETARRTIL2HAE AT HHESL
KIRIZ AC, % 1 F MO EF 7285005 /5 2 i PH %
TRELLERELED TER B LOIEEHF O RANS
& LES IZBI 2 R & DI AT 5,

2. fRMTIEE

2.1 B RRUETEY
BEER O & R H#E /MR 2 Ja\JR S5k 2 1idsE L 7

CFD fiftfr 24T > 72, fRHTEEII0E 1,000 mm, & S 1,000

mm, £ & 3200 mm & LT, fENTRISIT A LT
MAITD (2 4040 mm OB 0% A 3 %47 —32 200 mm,

BEE 2.0 mm DN HFIREZEET L E L TEB L, Ay

Reference
Inlet

Ceiling

Outlet

|| Pressure Point
(Velocity Profile

{Gauge Pressure)

800

~Model—

Reference Point of]| N{Od‘el
Il Il
T T

Dynamic Pressure

for C, value

1,000 | 200 | 2,000

| 400 | 200 400 |

(1) XY Cross-Section

(2) YZ Cross-Section

Fig.1 Computational Domain and Mesh Layout
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Talb AT U NMIBEETNELTA Y v 23N 72
HEoICRELE (Figd), Fig2 ([ O&tEA27RT,
B R R0 B CAMBR S oM EEZEE L, A
RIBE 35 2 BV H IS E S 5 2 & TR 5 LR
Brakh S HEMRE L, 254 CHROEH.OE ST
100 mm & L7=, 7235, Fig2 ([CIZEEHR " CHA-%5 0
SR T AN BREREZE (AC,) bEt#kT 5,

2.2 CFD f@frFi%

RANS 5 L OVLES |2 & % CFD fi# 8T 217 9, RANS
TIL SST k- &7 /L (SST) D AWML L, &
WERIOIEEE CHIT 21T, FEER CIIitER M
bRl 1/2,000 s, FHEBIAA O 2,000 time step (=1.0 s) &
EFENDIFE T ~OBATHIM & A70 U TRt R 2 ik
L., £D#%D 10 s ZARFHHE & B 72 LTz, LES TR
Ut k-¢ &7 /L (SKE) DG R Z WK & L, IEEF
RANS CRIBRICBIEFE 21T o7, 728, T XCOME
Br TRt ABE ST Fig.3 12”3 1/5 X & FHIOEE R E i
(Z Smirnov 5 ' DO FIEE A L CHERR L= Z8)E % 5
Z.72, Table 12 CFD fif#HEEE 4 &£ & TRT,

2.3 B EFHEFIE
AR CIIRANTR IR HES < PFRIZE D
Al 21T 9,

AT « L LI D
FETIIEIE R SR (2019.3.11)

RANS TlI# A & F&/4E S, LES TIXBEM © & A
(TN THRAESE R DB 21TV PFR 25 H 9
%o g, 1 IR RBEIRANORL 7384 7 [kg/s]. C 13568
N O )R E [kg/m’] TH D, RANS TIELiEY %
TE L7=22R. & Ao 7 A % 300 cem CTEHNE >
DY) —FE S, BNEET AREND PFR 2R
720 LES TITEWN T 1/2,000 s = & 1< Fig.4 O 0 % J5
] 3 ¥l (X=-66, 0, 66. Y=33, 100, 166, Z=-66, 0, 66 mm)
TRE27 BRI EFEAE (g,754,000 [s]) ' T, %t
LAEIRN (-95<x<95, 5<y<195, -95<2<95) =& K1
BIRFED D PFR 23R 7, 7o, EEFHHEPICER
REIZELRWATREMEEZBE L, BERIEEEEL T
(3) T &LV CFD AT OEER IR & D750 — 3 Fn
NN & TR DRI n [1s] Z[RE$ 5 Z & T PFR(=
nVy ZHEHH L=,

¢.()=-2(1-c") -3

Opening

40

4

. 40 F

Ny

Monitoring Point of Instantaneous Velocity
Fig.5 Points to Monitor Instantaneous Velocity at Openig

q
PFR =2 [m%/s] -(2)

C r

60 40 100 60 40 100 60 40 100

I T T 1 I T T 1 I T T 1

Left'Opening Lefl'Opening Left Opening

AC,,,=0.003 AC,,,=0.031 AC,, 0116

AC, =0.023 AC, =0.073 AC, =0.168

Wind

Right Opening Right Opening Right Opening

60 40 100
T T 1

Left Opening
P-LES
P-SST

Right Opening

60 40 100
I —

Left Opening
AC,, 0491

AC, (=054 Wind

=0.247

=0.305

Right Opening

. Y
60,40, 100 | 80 40,80 100 40,60 120 4040, | 155 40,5
(1) Casel (2) Case2 (3) Case3 (4)Case4 (5)Case5 7
Fig.2 Opening Position of the Studied Model Fig.4 Particle Generation Point
1 Table 1 Calculation Conditions in CFD Anaylsis
0.9 CFD Code Fluent 17.0
) Turbulent
0.8 Intensity Turbulence M odel La.lrge Eqdy SST keo SST keo
. . Simulation Unsteady Steady
0.7 Velocity Ratio -
=Y %1 /5 Power Law)~_ Algolithm SIMPLE
806 Discretization Scheme Central QUICK
L; 05 k for Advection Term Differencing
3 04 ( Time Step 0.0005 [s]
@© .
= X Transition Term 2,000 time step (=1.0 [s]) N/A
(=] 3
% 0.3 }i j[ Main Calculation Term 20,000 time step (=10.0 [s])
0.2 géa f Turbulent Schmidt Number N/A 1.0
0.1 Inlet 1/5 Power law(Smirnov's method)
0 M Boundary Outlet Gauge Pressure :0 [Pa]
0O 02 04 06 08 1.0 Clodfifon
Velocity Ratio [-] wals | TVO Layer Model No Slip
Trubulent Intensity [-] of Linear-Log Law
Fig.3 Velocity Ratio and Trubulent Total £ Cell Casel Case2 Case3 Cased Case5
Intensity of Approaching Flow otal Number of Cells ) )¢ 613 | 1,072,323 | 1,166,275 | 1,213,571 | 1212,181
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C(f) ITENEE [kg/m’], VIFEAH (). TG
B4 OIER [s] TH D, F7o. BAOHIERR SO E
HWAEPRAH TRAIL TR 2 2 & TR0 A &
ZRMi9 %5, PFR & XA L T Z DJEGHE R — A DR
B4 X8 AFR (Air Flow Rate) [m’/s] & Efed 5, &
# RANS TIEB O HICBIT DIER OV A )L X
SR R GER A N H IR U RS - A A 3R U R
HEEZ2ZNENEIET 52 L TAFR 2RHi-, JEE
% RANS M OV LES CIXB I FE IS HEA T 2 Bk
JEGE DT =X — 8% %B 0T 64,57 % E L (Fig.s) .
T BA 2> 5 QBRI AR &G 5 0, M ONRIRFE H JEL &
A F 0, &4 time step TR, Z1L 5 ORERIEE
Z AFR L LCTHEH LT,

AFR = [—|Ql’" ; Cou ] (4

LES 2517 5 AFR [ EBRRFEGE O 2 55 < K B
THDHID, — i L2159 O Rt AT A 2h 72 i
REHIPZ/RNPFR G L TREVVEEZ LD EE 2
SY AN

S - R TR
ST R R AT (2019.3. 1)

3. RMHEREEBR

Fig.6 |24 St DFRMTHRE SISV THE I S 72t
AFE, WREEE RS, AN OTAZE 1y, X
A IBA F1 C OB AR O, & ZEIBH T DRI
TEANEE Oy £ (5) RO XL HIZHH L7- (Fig7).

Qinﬂ'ight
rin—right =
Qinfright + Qinfleft

FHRIBE D ORI, B A5 OFAZE, B
FIZOWTHFEBRIZEE U, ZIVER Fwiges Tinsteft T
e & B LTze MRAFE R OWEH IR L TIX RANS
& LES IZBWCRIERDME I & 72 o 72, e IEX D
S CIEAMIB O O RUEREL O R E W=, AE
PREGENREL 72D L EHITHEMBIO D OFRAZRN
HEMT 2EmB A 55D, RANSIZHIT D ACgqr 23
0.544 DEAETITAMBONSDOHRITALTEY ., 4
1 FROEFR7BE & e o7z,

Fig.8 |24 S D a8 L AMEREE 1 [ o JBU £ £R 5k 7=
ORFRERT, ZZTIE 1) R L DA E (0=0.65
THEH) O TaRT, EH RANS & JEE H RANS

J %100 [%] 5

.=0.003 AC,,.=0.031 C,,..=0.116 AC,, . =0.247 AC,,.=0.491
AC,.,=0.023 AC,=0.073 C,..=0.168 AC,.=0.305 AC,=0.544
90.7
rout-left 57 4 669 777
49.5 I - I
Ifm.ueﬂ I LYY W72 5
50.6 411 7.48 10.97
N 823 94.9
in-right 58 9 738
49.4I : I
- [ |
Irout-r\ghl I I 33 1 l 223 93
50.5 42.6 .
847 93.9
65.7 747 '
306 I I
I [ P 751 0.0
” .
z 674 45.0 1.56 345
< » ' 94.9 100
S 75.0
8 55.0
o 32.6. I
— B I
I I34.3 | P 15.3 6.1
69.4 79.7 89.7
4. 70.5
49.3 I 6 3I I I
0 I I P "iag 0.0
< N (EESILERE [1.26] 7442 [1.53] [2.28] 3.31
] » 85.2 100
3 726 '
B 49.1 I 55.8 I
]
i B3 "10.3
35.7 I29-5 : ’
I50.7
Casel . Case2 ... Case3 ... Cased ~  ..._f Caseb
mm— Inflow Rate (%) s Outflow Rate (%) [ | Air Flow Rate [m/h]

Fig.6 Inflow Rate and Outflow Rate at each Opening
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DR EIZRRE L 72> TEBY, EAXFRTAC, 250
2TV Casel THBKNBAELT TWD, T Fig9 O X
BN EPNICEES AR S D=0 EEZ BND, £

RANS CTILEHR . FEET & BITEAIERFROEMT (1)

X OVLES & bl U TR IS /NS 2B & 72 > TN D,

RANS & LES CTiit AR RFREOFER TH > 7223,

MAHBEIZKZ RAENRD HI-DRED KE 2N

bofER LT EEZNLND, 2D LD RANS

TIIESE., FEELEBICENC IR E D EHH

TENWEWH Zenbnd, o, 1 HOEFHIR

BRE72 > TUWND AC, g DY 0.544 @D CaseS IZHB VT 1

REEFEE LS THIT S 2 ENTE TRV, LES

T ACp 55 73 0491 D Case5S TH 1 F IO E 717218

KEp>TEBT, PFR. AFR & 12 (1) &0 bR

BE/NSGHEL TV A,

100
90
80
70
60
50 [

40
30

20 Steady RANS
10

LES

Unsteady RANS

rinAright [%]

0
0 0.1 0.2 0.3 0.4 0.5
Difference in Wind Pressure Coefficient [-]
Fig.7 Relation between Difference in Wind Pressure Coefficient
and Inflow Rate at Right Opening

0.6

16.0

< 14.0 Orifice Equation
£ 120
(0]
£ 100
o
> 80
o
L 6.0
) Steady RANS =~ Unsteady RANS
£ 40
E 20 |/A—n

0.0

0 0.1 0.2 0.3 0.4 0.5 0.6
Difference in Wind Pressure Coefficient [-]
(1) PFR
16.0

_ 14.0 Orifice Equation
< 12,0
£ 100
Q
¢ 80
Z 6.0
f Steady RANS Unsteady RANS
£ 40
<

2.0

0.0

0 0.1 0.2 0.3 0.4 0.5 0.6
Difference in Wind Pressure Coefficient [-]
(2) AFR
Fig.8 Relation between Difference in Wind Pressure Coefficient
and Flow Rate

2SN - AR LA S
TR R R SRR (2019.3.11)

4.FLH

ABFZE CIXRERBGEN N2 2 RO 26T 2 1=
2 C RANS X OV LES (2 X 5 CFD fi#tfT 247\ Vi
ZRE L7z, Z ORI, RANS Tl 1 SR O EF 72
BERPITONLHEEICE N THIRREZ I/ & <
FHMELCLE D Z ERENT,

Mean Z
Velocity [m*/h]
20
I 18 g e -
L [= =
12
Y Y
08 T 2 T 2

14 (1) YZ Cross-Section (SST) (3) YZ Cross-Section (LES)
wind

L I

‘1 ﬁ,'\m T
i g

’
o
T

T,
g

(2) ZX Cross-Section (SST) (4) ZX Cross-Section (LES)
Fig.9 Z-Direction Wind Velocity Vector Diagram in Openings
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EERATHEMTOE SRFREOERIBICEHE TS RAIRED CFD
CFD Analysis of the Wind Environment at the Boundary of the Height Restricted Traditional Residential Area

OFMH 2= (SLmfERKS)
Sumire UDO*!

WA BT (SLATEERT)
Tomoyuki CHIKAMOTO*

oe ol (E @R E Y PN D)
Shushi DOI*?
*1 Ritsumeikan University *? Kyoto Tachibana University

The purpose of this research is to clarify effective relationship between the building height and the open space for
improvement of the wind environment at the boundary of the height restricted traditional residential area. Some problems
about the velocity distribution at pedestrian level in the central area of Kyoto City have been confirmed by a wind tunnel

experiment. This paper shows the result of a verification of the CFD using different mesh layout. The result of the analysis

were compared with the experimental data and accurate analysis conditions were determined.

IZC&HIZ

WD 5 X T3 Ze oo X - CaalE L & el
L. A DZER A& BNITFONATe = & ¢, EHIOME M) HE
FFESNTET, £, #il ClEA MR T 5 2 &1k &
YL EIME D P PEH T 2 72 DICHE Th
% HEBH CIIA TR HEEIC S < B SRS E D
LNTWD, TOHKIDO—DOTHAIFEREDOHRSE « B
W, T R S AR U & O Z 95 Z LT
XD EESNTNDHY, UL, @ SHIRICHE S 256
FREROT- O TREE W 23384 L, R 27222 1
DD EEIND, ST, 2007 EOFEBIERTH
U= S ENTE T BT K o T U B R A
G, Feie B iE SHUHI IO BRI I 1T B R S
DOEZENFEL, BOWNEELL T\ D & PRI,

BEH? ClE, BURFEERIC X0 sl ER LR R B B &
A L7k R 2 s U, SRR ARIE DRSO | FEE
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JEREY) ORCS| 248 2 CEET D EMARITH Z LIT &
V. BERNGHEEST S ENAREL Ir oz,

UL, BI AR E L O T R O BB e
FIEORRIZORT H120120%, BEBLEZEE L5
BRI ~OBRNERE e EOFE LN Z TR
HRETHD, DI, 51%I1% CFD % TRt 7k
AEZEIT> T, CFD IZ L DMRAEEAT I IZHT=0 | fiRkT
FEEEDMRAE SN D FNTSRMIC DWW TRET T D BN H B,
Z 2 CTARETIL, CFD DFSEERGEE BT - T fifghir
RS L AR C W TRE 35,
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Fig.1 Target site Fig.2 Illegal or low height buildings

1. RZREU
RGN 2 5 TR
THER O DS & Sl
PRI, FRRE RV E
XIZ 31m, HkI A7
Xi% 15m TH 5, x5
OB % Fig.1 12k
HTART, RFEREHIE
FRRE R T E X & B EIAF X OBE FUTALE (i
TV, il N WIS @ JE B 320m) § 5,
2O Y TR TTERLER O T b BN RS R
(Fig2) ML <IRIEL TS,

Fig.3 Model of target site

2. EREEREIE

JEI F2BR Gl kFEelcoD 1/200 K75 (Fig.3) 2 L,
ARG DB TAR X 75 64 s ORIEHLEIZ B
T, M EEE L2m AR DA D T — i & 2 S — X A
A JRGEFH TR L7z,

3. fRITHIE

3.1 FEEH

Fig.4 (ZARATE T VIS, Fig.5 | Zf#HTaEiEk, Table.l (2
SRR,

ARSI, R FEER A1 T o 7= RCER AT LR O ATX. (B



A-41

££320m) TH D, FHTET ML, EHEREO FE R
fHEHRY— R LW X T —% & Google earth L Y 45
RS T =2 ERWTER LT, i, 8 0
MEmE () HFaEGEEmE 2 B8 L7, BT (y) H
JEEEIZ 320m, L TIZ 640m DL AFR T T2,

A TITELFRET /L & LT, Launder-Kato |2 J A2 k-
e BT/ (LUF LK ETW) ZHAND, —%IZ, % ke
TV EBYFINEORIUSEA LA, B Ea—
F—EAHTIC BT A ELR TRV —k O KEHmIC & -
T, O OHBELHFHROFBMNEL 725 & Shb,
— 7. LK BT /UER S D K O KGN 2 45
EFFNE LTIRESNEZET A TH D,

FRANJBENE, FUERTT O 1961 LA D H Bl Z a8 T &
HAbE Uz, WEANEUE, JEWA SR & Rk & & 1080mm T
5mfs @ U4 ~ZFRHNCERE L, fRFT500 320m Fi1)
DA I H®TZ,

32 Ay anBIDENIKDHFTE

A TIE, XSO KGR OMHTHRE FAZ KT 5 2
v ¥ 2 EIDOIFHEOEC X DA RREE LT, Table.2
\ZHRMT /77— A, Fig.6 IZ A v ¥ 2 4y NG 2 o~d, bt
RICKIFTEEICONTRA v v a 3B D 4 DD
— AT 52 LI2E D, HEORIESNDA vy
EIOBREAT -T2,

AHTIE, v VF 7 ey s AT 52 L CHESER
DI L& ” o7z, S3FIROREL, b TEA ORI 2
HIZRTER & L, 08I A 7 oy E+ R X SRR
L AEEINEIE LT-, F7 0y 70 z 3R
RCHDHMEL12m MR IFEEOT Y v RN k5, &
FE&%04m & Uiz, x. y HaNE, BREE (BhA vy =
&) % 1.00m, 0.75m, 0.50m ® 3 7 —AHE L7z,

IbIT, F7 1y 7 OEESLEOE N K D508 % i
AET D728, 71y 7 OEE x, y A% 40m
MER L7/ —A (Cased) ZHAE LT

4. FREHAER

4.1 CFD#EER

Fig.7 (ZHEH* 2 Cf T 72 JBFZEERC X 2 iD=
RV, Fig8 (2 X-Y Wi (FiS 1.2m) OEGEOMATHS
B Fig.9 ([THHTIC X 5 Y-Z Wik o0 B K OVl DT
FER AT,

FENTRERCIE, ARSIl SR E R TE C
IR BRI R = < WIS & OIS EE T
DRI CIIRERI NS WD L3005, IR
W EGRSEBR O ZHE 2 TV D &N R D,

fNTRE SR A 77 0w 7 FEIRO% L 3 71— A THE T
%L HEXAOTNSG O IIRa—E L T\b, L
L. Casel, Case2 IZHb_TA v =2 &< L7z Case3 C
W, FEHZLA T O X 9 72 R8s bz,

ZeTRRD - A TR AT E R
FIF R R SRR SCE (2019.3.11)

Fig.4 Bird’s eye view of target site
‘ BATERFH

FRITHR

AR
(1/4 ~E5=8)

Fig.5 Calculation area

Table.1 Calculation conditions

T—2 FJ0v Y DEE RS BRH
Casel 1.00m 11, 299, 623
Case? 320m x 320m x 90m 0. 75m 17, 342, 052
Case3 0. 50m 32,050, 968
Case4 400m x 400m x 90m 0. 75m 22,641, 900
Table.2 Calculation cases
AR RS ETEET
480m (x) % 1280m(y) x 360m (z) DHELEL

ERETIV LK ETIL

RAER ~NEfEE 0.25 (1/4 FHIHH)
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F70 9 Dt

i i A
R 8 R B AR
1R BB R R AR EULR U BRI IR
R R A BT S| B

Casel~3 D
FI0 v DHEE)

(a)X-Y Section

SR RHNRITE I AR

BRI B 0
S S 1 1 SR

(b)Y-Z Section
Fig.6 Mesh layout
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1) mEEEEWAHT (Figs |2 — 8 TRd) DJEE
WWNEDIZTFRISH TN D, ZiuE, Zosli
DT HREENE E -T2 T-0E 2 b b, WO
BIMED B E - TD Z &1, Fig9 26 bt s
ZLNTED,

2)  FRHTREIR O LTI VR (Fig.8 (Al )
TIE, ]I AEL TWA Z Ennmnsd, Ziud, k
ZENGRANRG [ EIAENT D EEZHIND,

3) HXRNOEYOR (Fig8 IZAMToRY) 126, b

INTIEH B VKD IR 'C%to A2 OFIMNE
DEPEAICHE L TWD EEXBND,

A w2 OREIEZ 0.75m LLEE L72BaiE, RO

HEZR VA DN IERELZ TR S VRN ATEMED 8> 5 A3, 0.5m

L LEESAIE. 2omEEEsm L,

4.2 RFEERE CFD DLLEER

Fig.10 |Z CFD ) At a5 A7 ¢H Y, FE~Hi & 1.2m

BT AR SEH L7 B &K o TR SRR &

CFD Dl A1T -7, Fig11 (il iS4 Bk DS
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5*2 0k, BIREBR IV — I A Z EER 2 V27
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A study of local climate zone for urban climate analysis

O% EE (#HFRF) Proak Je g (e R
Siyao LIt Hideki TAKEBAYASHI™

1 Kobe University

Local Climate Zone is a land use classification system proposed to unify the temperature observation results, however,
the impact of LCZ is still not clarified clearly in terms of thermal environment. Therefore, its characteristics were
examined by comparing with the land use classification in previous study. A case study in coastal city, Osaka, was

conducted to clarify the impact of LCZ on urban thermal environment when adapting to urban climate analysis.

[ZC&IZ Table.1 Definitions for local climate zones?
JaRERAL D (Local Climate Zone, LCZ) 1I5IRD — S e e

BRSO 17258225 FIREICT D - DI R S -
THFADEES AT L THDHH, EHBEREICS 2 D%
BT TIFA ST > TRV, F 2T, BRI
(ZFUT D MRS & il U C, E ORHEE T L7z
LCZ # iR TG L 7B oER 2R BRI 5- %
LEBEPALNITHZEAANE LT, BREBTHOKX
P A G et L7z,

Featureless landscape of grass or
herbaceous plants/crops. Few

1. EtSUREMOME & KRz 5748
1.1 BihsizEfs LCZ DR "

Stewart & Oke |3, #7228 — 7 A 7 Nl
JE A LT 572012, JathE AL LCZ OBES A 14
L7z, LCZ %, KA —/VCHE A — M bl r
A— MVOB—TRIEHE, #E, MR B LOARE
BOFETH 5.

K UIDRT LIS, BT 17 O LCZ 25 Sh
5. D9 bH 15 O LCZ ITERMEME L HFEIC K- TC, 2
D LCZ (LCZ7 & LCZ10) 1T OMTELE NZHI725E
Bz K-> TEFESND. 1-10 (X built types), A-G L

MNand cover types| (ZX53 S 5. BEENFFEO 1-HF]H
SFEH LT, @oms, EEAE, MhoRIC
Ko THHEN D RITEWR G . FRC, BHOFSIT
X v, high-rise (10 BELA L), midrise (4 FE~9BE) B
L low-rise (3FELAT) TS ND.

1.2 EihSIERELL LCZ D5 4R

F9°, AKFHAHEE 30 m @ Landsat 8 Hif§ a7 A U J
HEFHASAT (USGS : United States Geological Survey) 7>
by yru—RL. BE#adRe L, EOLROHER
FER L=, EDOHR—3433%0D, 201547 A 26 H
i SRt iR Le (M 1). Fig.1 Satellite image for Osaka (Landsat 8)
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%iV T, Google EarthPro (Z X ¥, 45 LCZ T 1km?LL |k
Dhb—=2 Ty = () 2Rz, 205
-G, LCZ7 (Lightweight low-rise) & LCZ10 (Heavy industry)
Il S 47ed> > 72, Compact high-rise, Compact midrise,
Compact low-rise % Compactarea & L T4 L, Open
high-rise, Open midrise, Open low-rise {3 Openarea & L T
SN LTz, £ LT, SAGAGIS Oty & 438 & #od
EEICED, K20 LCZ AisMER ST,

LCZ DFfflI@m SIC L W s D mlcdH 5. . LCZ
DoFERER L RO E T EETE A T 5. . 1km A
v ¥ 2 lTRA LT2 LCZ /i &2 312" 1km A » o=
WOEKHEFED LCZ TR FE /7272, High-rise D A
v 28503 0 (272 > 7=, High-rise, Midrise, Low-rise ™ LCZ
Ekm A v a2 DEEFR 21T

B bare rock or paved
bare soll or sand
. water

Fig.2 LCZ for Osaka

[ compact midrise
I compact low-rise
[ open midrise

[ open low-rise

[ large low-rise

[ sparsrly built

| dense trees

i [ scattered trees
[ bush,scrub
[low plants

| bare rock or paved
[ bare soil or sand
. water

A X \ Zeam
Fig.3 LCZ for Osaka (1km mesh)

Table.2 Number of meshes in LCZ and their 1km mesh

LCZ TkmX*Avyia
low-rise 199633 2295
midrise 19551 37
high-rise 3383 0

ZESTARR - A TR i S
iR R i (2019.3.11)

2. AVYKKRETILWRF OMELHEE Y
2.1 AYKREETILIRF OFE

A A — VDR EET L WRF (Weather Research &
Forecasting) (%, KEKRKWI7EtE % — (NCAR) 72 LD
TFZEREBAIC & 0 BFS ST Se R ERE OFEFR 1 FET LT,
TR, EBRE, o, UART vy
WV, AR, AT — R FR7e O S, WL
IRRKOFKEHTZERVEEE (n FEIE) RIZ XK - TRk
SIND. HFEMEOBSE, HFEEE S KE5ENE
WFRIZ Ko THEDY, TURERSIEE SN D, HBil
WL, () #iRERBET A M) — ey =F
DRZAZVEB—=Tay, (2) BT L D5 & @O
ARG, Q) ¥/ v—EANOERY A K e7y
AV, (4) BARME, BEmE, B D OZEEET A
R E T DHTT N v/ B —ET L (UCM) ZflAaAte
Z LT, BN Ko TR S AL IR DML DR B %
EBETD.

2.2 SHEEH

ARFFETIE, WRF version3.7.1-ARW % FV -, E1Ei4
555 31 Rd. FHEMINIZ 2010458 H 15 HA25 8 H
31 HTHD. LCZ % W =555 ORB IR ERRAT ~D R
TN D728, —oOOHRIASMTORERREE L
W5, [EEEEERIC X 5 BRI ASSE T, #Biio
BT AV —% 3OHEL, HEmEERICE Yy
—E5 LW, [FRRIZ, LCZ 2 L2 R A HEIC
BOWCHETOAT TV —% 32T LT,

X 4 (2 JE T E I & B HHR B RS E 2 o T
PRI RSS2 NVI ZF8EE & U CHR S 3 %5y S i
NTHFEROENETT A, FREEOHTT B, KV R C
WS, K512 LCZ I & B BRI BSR40
T BYOE S ERERE AWV, #ifi 1 (LCZ2), #)
2 (LCZ3), #fi3 (LCZ5 & LCZ6) (2SN,

Table.3 Calculation condition

Calculation period 15-31 August 2010

Vertical grid 28 layer (surface-100hPa)

Domainl 3km (120x120grics)

Horizontal grid
d Domain?:Lkm (103«103qrids)

IMAMeso-scale Analysis (3 hourly,10km rid 20 layer)

Meteological data
’ NCEPfinal analysis (6 hourly,L degree grid 17 layer)

Terrain height - (Digital Map (50+50 resolution)

Geographical data Digital National Land Information : NDVI (Landsat 7RTM)

Land use
L.CZ : Landsat 8+Google Earth Pro

Microphisics process Purdue Lin et al.scheme

Longwave  |RRTM Longwave scheme

Radiation processes
P Shortwave  {Dudhia Shortwave scheme

Planetary boundary layer process  {Mellor-Yamada-Janjic PBL scheme

Sufie o Utbanarea [UCM(Urban Canopy Mode)

Non urban area |Noah LSM

Cumulus parametarization None

Four-dimensional data assimilation ~ {None
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Fig.5 Land use setting by LCZ

3. LCZ ZRAU=#h SURARAT
3.1 LCZ L#BmM A B, COREZR

BEERFZECHIV BT & 72 E 3B L 5 L Hif)]
FAEOERHT A, B, C & LCZ DERAZK 61T, K
PROFB RO T2 LCZ 1% LCZ3 (Compact low-rise, #B
12 TH5H, LCZ2 (Compact midrise, #Fri1) %<
VBT ALY T 5.
3.2 NVI L&A B, C, #mi1, 2, 3DEHE

#H A, B, ClITERICHINT 2 NVIIC L D08
N5, X7 &X8IZNVI L#iHi A, B, C, #bifi 1 (LCZ2),
2 (LCZ3), 3 (LCZ5 & LCZ6) DENRZ Y. NVIIZ
FESNTHITT A, B, CHAESNIZDITHL, #ii1,
2, 3T, #Hi2 (LCZ3) NZEHLTE.
33 BEX - ERAADER LML

MR - R H A2 ER L, BIEICIE S L. 1
K VA OEFEE 4R, T DR - dEEE
D8 H 25, 26, 27 H&TRIR L7=. FHRERERZBINIME & b
# L7z. Domain2 @ lkmX1km A v > = O&IR « EE -
R OB A, Y%A v 2T H DB O & b
B L7z, BT A X ZADOKHR, B, S, JE, &
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Fig.6 Relationship between Urban A, B, C and LCZ
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Fig.7 Relationship between Urban A, B, C and NVI
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Fig.8 Relationship between Urban 1, 2, 3 (LCZ 2, 3, 5+6) and NVI

Table.4 Definition of fine day and sea breeze day

126- 131- 136
130 135 140

0
0
0

131-
135

Fine day Sea breeze day

weather Mostly Sunny or sunny|  wind speed 2.0[m/s] or more

Sl:;su':?e 7.0 hours or more wind direction West/Southwest
Total amount The time that sa't!sfles'

2 the above two conditions is
of solar 19[M/m] or more hour
radiation 6 hours or more per day
after 12 o'clock

Precipitation 0.5[mm] or less
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FCh L. BN OE T EEER & LCZ O THFIH 2%
51RY.

T2 EE R & LCZ 12 L 2 HHR A V-5
B OZIR & JEIED Bias, RMSE, Correlation %6, 71C
At EEEIEERC LB R E RO SA O
FHEREROENE TS, EHEEERIC X DR
T HF TS O &2 10m OFBH A 3% <, LCZ D
AT OE S99 m D LCZ3 N\, B & S
KT 5 &, [T L, BRI A H 5.
FRBRM ORI BRNGES, IRFEOBHOE S MK T
T5HE, BTN THHEANCH D, ZORDFEEE
LT B8R IN5.

Table.5 Land use of AMeDAS location

Digital
Location | National Land LCz
Information

Osaka Urban A [LCZ2(Urban 1)

Sakai Urban B | LCZ3(Urban2)
Toyonaka Urban B | LCZ3(Urban3)

Yao Urban B | LCZ3(Urban4)
Hirakata Urban B | LCZ3(Urban5)

Table.6 Bias, RMSE, Correlation of temperature and wind speed
(from Digital National Land Information)

Temperture | Bias[°C] | RMSE[°C] | Correlation
Osaka -0.05 0.30 0.95
Sakai -0.27 0.70 0.94

Toyonaka -0.30 0.56 0.93
Yao -0.89 1.01 0.94
Hirakata -0.64 0.96 0.90

Wind speed | Bias[m/s]|RMSE[m/s]| Correlation
Osaka 0.13 0.36 0.72
Sakai -0.17 0.42 0.62

Toyonaka 0.34 0.53 0.69
Yao 0.80 0.95 0.59

Hirakata -0.74 0.89 0.37

ZEECANRN - A T SRR
FATHR TR R = SCE (2019.3.11)

Table.7 Bias, RMSE, Correlation of temperature and wind speed

(from LCZ)

Temperture | Bias[°C] | RMSE[°C] | Correlation
Osaka 0.93 1.00 0.96
Sakai 119 1.36 0.94

Toyonaka 0.82 0.95 0.94
Yao 0.29 0.51 0.95
Hirakata 1.45 1.48 0.93

Wind speed | Bias[m/s] | RMSE[m/s] | Correlation
Osaka 0.27 0.33 0.73
Sakai -0.47 0.51 0.71

Toyonaka 0.36 0.44 0.67
Yao 0.92 1.03 0.62
Hirakata -1.12 113 0.52

4. #5H

iR 30m DA% & Google Earth Pro % A C&E
W S OB L BB L C LCZ W EEN7=2%, WRF ©
BERGARTRRET DT 1km 27— /USHA ST~
W, HEROE G R Z FAWTZBERSE L OB s
IFE Ul otz LCZ ZBERGHT AW GRS R OR
FENE TR T L7=FEHIE, WRF ORGSR ET D%
ST BT A—=HDOE 2 FORMETH Y, WWUNH
A UK _ LI RTRECTH 5.

2 & XM
1) Stewart, 1.D., Oke, T.R, Local climate zones for urban
temperature studies. Bull. Am. Meteorol. Soc. 93 (12), 1879—
1900(2012)
2) VIR, BT, AV ERSRETV WRF AWV
W WM O E BEio L — F 7 A T2 RERED
BIERIINT, AATEEE A REREE Rim SCEE, 726, 707-713 (2016)
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Study on Summer Climate of Nagoya Metropolitan Area and Handa Canal Area

OR F sz K #ERT)
Pro#k e gt (AR

A& IE R (MR EEER)
& m FE I (AR

i # F I (ERRT)

Ryota KIMURA*'  Masakazu MORIYAMA*!  Hideki TAKEBAYASHI*'  Kosuke KITTAKA*'  Syusuke INACHI ™
*! Kobe University *?Setsunan University

In recent years, the consideration of climate characteristics in the local area is required for the use of natural energy and the

introduction of adaptive measures in outdoor space. The natural ventilation system is introduced in the building located Handa canal

area of Handa city in Aichi prefecture, and the introduction of adaptation measures is being considered for outdoor space. In this

study, climate analysis on Handa canal area in urban and local scale was conducted for the natural ventilation of the building and the

adaptive measures in outdoor space.

1. [XC&®HIC

H AR L —F RSN M O B EABRBEH IR D
FRETDOBRTIE, G DR O KRR DTE 3K 8
DAVD. BN T OO HIERJE U AL E 2
RGN T ASRER S AT LR EA ST, EAAZER
TOBHGRERISROBEAN BRI TV D, KFH
DITEFROREIRHE A, BRI sk &
Bl LT H P 2~3CE < Hhg ik =Tnp Y. A
P2 I, - ]S s o Kt 2 AT L, 2
H & 44RO A58 L C 3RS A O aTREME & B
BB DT 1T~ 2.

2. FHEEREIRECH T 5BIE
2.1 xigihig & BIEFE

Fig.1, Fig.2 (244 i AR &l & = FHasin] JE ) Hivek 2 7=
9. Fig.2 DD, @T20184E5H 7 H~8 4 31 H
WZHEZAT o7, BESFTOMEZ LI TR
OO E B (HRORFER)

1 IR ORI ALE L, O FHAR OIS
VM AL R SEBRAE, FEC I 2 BERROERIRERS, R
I AMEE 5. JEPH AR E LT
7RV BRAR 72 AR T 5.

OM Ataits (AR L M5

M AHE O REERRTER CALE U, JEBH & B2 BH
FATWD. JEHLSIE M A O B IR AT
LDZEZTD ANNVAODIFHETH .

8 H 16 HIZD £ b ARDRIE R ZfarsT = v 7 D
T2 OARMAR BB ST, 547 H~8 A 15 HOHIE
TR RN 5. AERIITY = —% > b (SEC
tH, TAWL-2S) ZHv vz, HEE S1L15m Ths.

2.2 BIEZRDIFEDIREL

8 A 16 H~31 HIZ 2 BDOHIERRZ HE QI ~THs
FEHRREE LT, KU & A A E R OME RSN
DFETHSTN, JRH & B IHEE 2 E T2 524

] Y,
Handa(Handa Canal Area)

\ﬁ-\:ﬂ*ﬁ'ﬂ f ]t" {Z
gl

0 5 10 20 30 40 50 km
1

Fig.2 Handa canal area
@ , @ is measurement location, * is natural ventilation air inlet



A—43

&l oT. HUR@S @I E i THa RO B AL
DMEHER T DRRZED BRI S 720 & BRI T,

3. ALEEMHBEOSIEFIEDEN

HHCOERNE & 4 HEETE O AMeDAS 7 —#
AV, 4l EETE O RERAEY & KR E R L OB
RAESHTL, HHOKEREZ EE LT,
3.1 BXBA D

WERAZEFRL, 4hRMFKGEOBREICES
WTCTHIH L=, lERBOEFR% Table.l (277
3.2 FRIT—2 DN

AR, K, B2 b LT, 266, RO AMeDAS
T2 M Lic. H ORI B RIR(Fig.3) 1,
Ay b7 E0mL, NEOKM, 48R, R
LV 15C~20CRE. MR OET ORH% %
AL TWD. AAXHEEE 2 KRR EIC A L 7= (Fig.4).
1 BZEL TR, BREV & EOER KD
DOEFNEBEL LB Z N5, BE(Figh) 1%, &
YRLT, R, RIS, JIEROR
EREIPEL TS, mn(Fige)ix, v M7,
AR, KA & RIERIC R R~ 232 <, B HILifm
IS TN D,
3.3 BRMKFIADAREM

&4 TROKIR, WEOEINX A Fig.7,8 1277

ANV AN ATREZR I3 2 Z Tl BASBE N ED
% TEEEEWNC I DA BR IR OREPRIZBE 3 5 154
(RS, T 17-28Ch BN RIELL T, TBE
1% 40~70% & ARIZESD 7. AVKEEAFTREREFIE, J-H
TIX 5 H 91 K#(16%), 6 A 74 FEHI(10%), 7 A 1 KFH
(0.1%), 8 A 0 K] & 72 o7-. £ R TIX5 H 91 FEH]
(16%), 6 J1 100 F[(14%), 7 A 2 BF#[#(0.3%), 8 0
R & 7e o7z, CPHITBEREW-®, 6 HIZ/ARE
N FTRERFRIER 2N R & 0 26 FERE A 720,
3.4 BEREIHE

FRHAM ORER B 255 L LT, 14 0D SET*(FEE
BrASHEE) 2B L, SET*OPiEfIcE £ 54
TREEROAMERHE L. £H0 2054254
(2, SET*27.5°C(RoRPR) A K 2 PR e & L7-. SET*
I3 RayMan &5 /v % FIWCHEH L7=. 357, B,
175cm, 75kg, #&4<E: 0.6clo, iR 80W & 48E L7-
O - A A e & 4 R & BB

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

Table .1 Definition of sunny day

Sunny day
Mostly Sunny or Sunny

Weather
Sunshine hours

7.0 hours or more

Global solar radiation |19[M/m’] or more

Precipitation 0.5[mm] or less
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Fig.3 Hourly averaged air temperature on sunny day (July 2018)
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