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Prediction of Indoor Environment for Impinging Jet Ventilation System
(Part 3) Comparison of Indoor Environment
between DV and 1JV System by Full-scale Experiment
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Even though displacement ventilation system (hereinafter referred to as DV) has better ventilation effectiveness
compared to mixing ventilation system, DV is not yet commonly used, due to its difficulty for heating and over cooling
risks. Impinging Jet ventilation system (hereinafter referred to as 1JV) was developed to overcome those difficulties without
losing the high ventilation effectiveness. In order to study about the pros and cons of IJV compared to DV, some full-
scale experiments were conducted at a climate chamber. Temperature and contaminant concentration were measured,
and the relationship between supply condition and contaminant removal effectiveness were compared in this paper.
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Table 1: Experimental Conditions
Number| Supply flow rate and temperature Supply
Case of [250m¥h 300m’h 375 m'h | velocify

terminal 5°C 7°C 9°C [m/s]
JV-1a X 1.96
1JV-2a 2 X 2.36
1JV-3a X 2.95
IJV-1b X 3.93
1JV-2b 1 X 4.72
1JV-3b X 5.89
DV-la X 0.18
DV-2a 2 X 0.22
DV-3a X 0.28
DV-1b X 0.37
DV-2b 1 X 0.44
DV-3b X 0.55
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Fig. 5: Distributions of air temperature and CO, concentration at North-South cross section (2 supply terminals)
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Prediction of Indoor Environment for Impinging Jet Ventilation System
(Part 4) Numerical Investigstion of Indoor Environment
with Different Supply Condition by CFD
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1JV was proposed about 20 years ago, and the studies of indoor environment with 1JV is not sufficient yet, so the
parametric studies are needed to understand the indoor environment of IJV. By using CFD (Computational Fluid
Dynamics) analysis, it is possible to predict the indoor environment with various ventilation conditions, compared
to the experiment. Some CFD analysis were performed under different inlet conditions. The shape and number of
inlets were changed as the elements of inlet condition. The results of temperature and velocity by CFD analysis
are reported in this paper. It was shown that the draft risk was lower when the number of inlets was two or more.
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Table 1: CFD setting (shape)

Case round |

square
CFD code Ansys Fluent 19.2
Turbulence Model SST k-
Radiation Model Surface-to-Surface Model
Algorithm SIMPLE
Dlscretlzano?q scheme QUICK
for Advection Term
Velocity Magnitude | Velocity Magnitude
U=2.52[m/s] U=2.50[m/s]
Inlet Turbulent Intensity I=10[%]
Turbulent Length Turbulent Length
Scale L=15.75[mm] | Scale L=14[mm)]
Boundary Temperature T=20 [°C]

Condition Outlet Velocity Magnitude U=-0.556[m/s]

Velocity Linear-Logarithmic Blending Law
Walls South/East symmetry

External Temperature (30 [°C])
Other walls ——
Emissivity 0.85
Cylinder Heat Flux (42.86 [W/m?])
Emissivity 0.85
Total Number of cells 1,830,375 [ 1,663,662
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Table 2: CFD setting (number)

Case square-1 | square-2 | square-4 square-6 squarel square2

CFD code Ansys Fluent 19.2 —— -O-
Turbulence Model SST k-0 square4 | square6

Radiation Model Surface-to-Surface Model e -

Algorithm SIMPLE
Discretization scheme 2.5 | | mean
. QUICK
for Advection Term
Velocity Magnitude Velocity Magnitude Velocity Magnitude Velocity Magnitude .20
U=5.00[m/s] U=2.50[m/s] U=1.25[m/s] U=0.833[m/s] g
Tnlet Turbulent Intensity I=10[%] L square2
Turbulent Length Scale L=14[mm] E{) ’
Temperature T=20 [°C] ﬁ
Outlet Velocity Magnitude U=0.556[m/s] 1O | squares
Boundary Velocity Linear-Logarithmic Blending Law square6 §
Condition South External Teronperature symmetry 0.5 Ssqua.rel
Walls (B0[°CD #3
East symmetry 0
Other walls External Tempetatire (30 [*C) 2 24 26 28 30
Emissivity 0.85
. Temperature [°C]
Cylinder Heat Fm (42.86 [W/m’])
Emissivity 0.85 Fig. 5: Vertical distribution
Total Number of cells 3,170,046 1,663,662 | 1,723,799 | 1,749,077 of room-mean temperature
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The purpose of this study is to suggest a CFD method for the airflow blown from Packaged air-conditioner (referred to as PAC)

using the P.V. method which makes the analysis results more accurate and the analysis time shorter. In order to examine the optimal

height of P.V. horizontal surface, we conducted an experiment to measure the airflow volume and airflow velocity distribution of the

PAC airflow. This paper describes the results and considerations.
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Fig.1 System Overview of Experiment

Table.1 Experimental Condition
Condition A.a

Desired Temperature [C ]

18, 20, 25, 30, 32

Measuring Frequency [Hz]

1

Measuring Time [s]

30

The Number of Measuring Times

5 times / each Temperature

Desired Outlet Velocity [m/s]

About 7

Condition A.b

Desired Temperature [C ]

15, 18, 20, 24, 28, 32, 36,

40

Measuring Frequency [Hz]

1

Measuring Time [s]

30

The Number of Measuring Times

5 times / each Temperature

Desired Outlet Velocity [m/s]

About 7

Condition B

Desired Temperature [°C ]

14, 18, 20, 24, 28, 32, 36,

37

Measuring Frequency [Hz]

1

Measuring Time [s]

30

The Number of Measuring Times

5 times / each Temperature

Desired Outlet Velocity [m/s]

About 3
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Table.2 Details of the PAC
Air Conditioning Mode  Fan - Cooling + Heating + Auto
Air volume High - Middle * Low + Calm
Airflow direction Model ~ Mode5 - Swing mode

(90°)

Fig.4 Airflow Direction

Mode4(62°)/ Mode3(57.2%)
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Airflow . Table.4 Result of Experiment
. Temperature 24[C ] PAC Airflow Volume [m3/h]
Cooling _Heatload PAC Airflow Direction Fan Cooling Heating
Load (Heating « 28[°C ] * Low) Model 419.3 375.4 4337
Oil Heater(500[W])»<4 Mode2 425.1 372.1 439.8
Air Volume High Mode3 419.3 404.2 451.8
; Airflow g Mode4 407.9 379.9 449.9
Heating _Temperaturee ) Neis 417.0 3994 4545
Load Heatload PAC oCc : : :
ol (Cooling * 19[°C ] - Low) Average 417.8 386.2 445.9
Table.5 Ratio of Corrected Average Air Flow
W USSR ¢ [°C] | ISR X 2 Bl b vr | PR Q [md/h] | ik P48 8B Q Tmd/h] | A IE P R L §
2, 21.5 1.0 4177 417.7 1.0
iz 15.2 1.2 386.2 3222 0.8
e 35.2 0.9 446.0 488.0 1.2
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Airflow Model of 4-way Ceiling Cassette Type Air-conditioner for CFD Analysis
Part4 CFD Analysis on Non-isothermal Condition Using P.V. Method
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Packaged air-conditioner (referred to as PAC) is widely introduced into buildings in Japan in recent years. In this paper,
we did CFD analysis whose purpose is to reproduce the airflow blown from experimental PAC and compared the results
between that gained from experiment and CFD analysis. While doing CFD analysis, we used P.V. method (Prescribed
Velocity method) to make the analysis results more accurate and the analysis time shorter.
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Table.1 Measuring Condition

Operating Mode Fan only
Cooling
Heating

Airflow Volume Mode High

Airflow Direction Mode Model~Mode5

Airflow Volume
Airflow Direction

Airflow Velocity
-2055
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Table.2 CFD Analysis Condition
CFD Code Cradle STREAM V14
Algorithm SIMPLEC
Discretization Scheme QUICK
Turbulent Model Standard k-
Wall Treatment Logarithmic Law
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Table.3 Analysis Case
Analysis Condition | Experimental Object PAC | Heat Load PAC

Airflow Fan 417.6 -

Volume[m3/h] Cooling 327/417.6 307.1

Heating 487.8/417.6 307.1
Airflow Fan 46.7,50.7,57.2, 62, 67.2 -

Direction[°] Cooling 46.7,50.7,57.2, 62, 67.2 67.2

Heating 46.7,50.7,57.2, 62, 67.2 46.7

Fan model

Fan mode3

Fan mode4

Fan mode5|

Fig.5 Velocity Contour
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Study on Thermal Environmental Control Using the Breeze Line Diffuser Near the Window

During the Heating Period
(Part III) Characteristics and CFD Simulation of the Outlet Airflow Based on the Measurement

by X-probe Hot-wire Anemometer
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Breeze line diffuser has the complex outlet airflow characteristic due to the slight outlet size and the effect of the

deflection panels which setting inside of the diffuser. To know the velocity and turbulence statistics distribution of

diffuser’s outlet surface, a hot-wire anemometer with an X-type probe was used to measure the three-dimensional outlet

velocity in high sampling frequency. Velocity distribution is being modeled and turbulence statistics are calculating. A

CFD model of the outlet air flow is tried to build by using the experimental data. The result was compared to the airflow

date measured in the free field in the previous study.
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Design Method of Natural Ventilation System with Perforated Metal Duct Ceiling
(Partl) Calculation Method of Supply Air Flow Rate Distribution

O grfk (RBRKH) e #k (RIRK )
AINHRER (R BRR 52)

Miho WAKASA™  Toshio YAMANAKA™ Tomohiro KOBAYASHI"' "Osaka University

Installing natural ventilation (NV) system in high-rise buildings helps us to save energy consumption of ventilation and air
conditioning. In this study, Perforated Metal Duct Ceiling (PMDC), the ceiling-mounted rectangular ducts are proposed
for installing NV system in high-rise buildings. Its bottom surface is made of perforated metal, so fresh outdoor air passes
through the ducts, and the air gradually supplied to the room below at low velocity. In this paper, the authors developed the
air flow network model to predict supply air flow rate distribution and its results were compared with CFD for validation.
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Prediction of Natural Ventilation Rate by the Flow Network Calculation
for the High Rise Office Building with Light Well
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g gz (P LHIE)

Yoshiko KAWAWAKE™  Atsushi KASUYA"™!  Toshihiko SAJIMA™!
"I TAKENAKA Corporation

With a rising demand for energy conservation in buildings, the use of natural energy attracts attention. Natural ventilation is one
method of utilizing natural energy for a high-rise office building, and it can make a contribution to energy conservation and decrease
of running cost. This study focuses on ventilation performance of a high-rise office building with natural ventilation voids. This

paper shows outline of flow network model and calculation results for each model.
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Study on CFD Modeling Method of Airflow from Natural Ventilation Opening
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Recently the introduction of natural ventilation(NV) into office buildings is increasing and when introducing for offices,

CFD analysis is often used to investigate airflow distribution.Therefore, it is important in analysis to appropriately reproduce

the airflow from the NV opening while reducing the calculation load.The purpose of this research is to propose an appropriate

reproduction method for the CFD analysis of the airflow for built-in peri-counter box type under Non-Isothermal Condition.
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Wind Velocity Monitoring above Mid- to High-Rise Building for Natural Ventilation Control
(Part 1) Evaluation of Velocity Fluctuation using PIV by Wind Tunnel Test

Offcifg wZ&x CRFROR) AR FIIR S CRBRORE)

i ek (ORIROKRS) BE K CRBRKRF)
Kana SATO™ Tomohiro KOBAYASHI'
Toshio YAMANAKA"™ Hajime AKASHI™

"' Osaka University

Mid- to high-rise buildings are often provided with a 2-D anemometer on the roof top. The measured data of
external wind is available for control of building operation, such as natural ventilation (NV). In utilizing these data,
the external wind direction and velocity shall appropriately be measured, however these could significantly differ
around the roof top. Therefore it becomes difficult to determine the position of the anemometer. First aim of this
study is to arrange basic data regarding horizontal distribution of wind direction above the building. This paper is to

grasp by using PIV in wind tunnel.
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Fig.1 Wind tunnel section

(2) Crossed Air-flow direction Turbulent Intensity - Velocity Ratio[-]

Fig.2 Approach flow
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Fig.5 Velocity Contour and Velocity Vector of CaselM ( H=200 [mm] )
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Velocity Contour of Horizontal section
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Velocity Vector of Horizontal section
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Fig.6 Velocity Contour and Velocity Vector of CaselH ( H=400 [mm] )
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To obtain external wind velocity and direction, anemometer often established on the building roof top, and it is

desirable to use these date for control of building operation, such as natural ventilation (NY). However, for the

complex flow field caused by separation hlow and vortex location of measurement is not clear and thera are not

such guidelines. The final goal of this research is to propose an optimization method of the setting position of the

anemometer. This paper shows the results CFD analysis of horizontal distribution of wind velocity and direction

above building and comparison of experiment in wind tunnel.
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B Table1 Summary of CFD analysis
CFD Code Fluent 19.2
Large Eddy Simulation
§ R Rl (Smagorinsky-Lilly Model)
Algolithm SIMPLE
Time Step 0.0005 sec. (2 kHz)
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Table2  Probability of wind direction error between =5° or £10° [ % ]
Line A » D Line C » (] Line E » D Line F » {
+5° +10° *5° +10 *5° *+10° +5° +10°
0.025H (Y=5 mm) 0.1 0.3 0.3 0.5 4.8 9.7 394 67.4
0.05H (Y=10 mm) 1.0 6.7 0.5 1.1 5.8 11.6 54.6 85.1
0.1H (Y=20 mm) 13.7 36.8 6.1 11.6 22.1 41.8 68.4 96.5
0.15H (Y=30 mm) 27.0 62.4 51.9 75.0 452 74.3 72.9 98.2
0.2H (Y=40 mm) 38.4 773 85.1 99.3 65.8 91.8 73.8 96.9
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0.1H (Y=20 mm) 12.2 352 334 533 0.5 12 19.0 35.8 73.5 96.4
0.15H (Y=30 mm) 25.6 59.1 57.0 71.7 47.0 71.5 73.1 97.3
0.2H (Y=40 mm) 36.2 77.5 86.9 99.5 70.9 94.8 74.1 96.3
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The estimation of the indoor physical field in a target region is essential. There are two methods that have been widely

used to estimate temperature fields, CFD (Computational Fluid Dynamics) and measurements. However, it is not easy to

obtain reliable CFD simulation data due to the errors accompanied by discretization, numerical calculation and uncertainty

of boundary conditions, also observation data due to unavoidable measurement errors. Herein, to estimate indoor flow and

temperature fields accurately, Cost Function Method (CFM) consisting of errors of basic equations and of observed data

errors was proposed in this study and confirmed to be valid.
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ZE L, BHBEIE T BHBEEE RMET 2 X901
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CFD FREZIEET 5,
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1) BEBEEAOBRAICOWT CFD ¥ Ial—v a3y
AT, RS A RD D (TIEME)) .

2) BULEARE L., ENOEESHO—EE2REH L
L OEBT—4 L35,

3) BT —x L AREGEE VT, BURD KRR DS
ADCFD v 2 b—3 g VAEEL, IRESH 2 HEEd
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2. BEEERAE
2.1 WEREE L FREEN

BRI\ TR, Bl OfE R TS (T1E
fiffi)) L 7e L, ZOFHBERRO—HAKEHLIZbD
BRI — 5 & i d, BREDSERE S 3 otENZE
a6, CFD ¥ 2 L—3 3 U &{To77,

KGR Figl (O~d, ST 42X40m, @E 2.2
m Thd, Hlx X i, mbz Y Hin, $hiEhmi Z
Jrrare U, PR vassl R a2 Bt 7o, E2, oL
F1Z0.04X0.24X0.04 m OEYEN 3 250 HAEER A
DR POt O FIIEERI D HHER ZAT 5 o EMEOVERIZ
B HEERSA % Table 112, BRI OBLE % Fig.l KO
Table 2 |Z7°9,

CFD v = bL—v 3 id, A—7> Y —A CFD ¥V —
JVIRy 7 AT % OpenFOAM D/3— 1 2 4.0 ZEIE L
THWz, FHEMMFEERRIEN 2 E L, 73R A 7 3T
\ZR VRN ERB U, SLIEET I E ke T V%
T, Slid AR EE R #i 0, IR OIRTF
XNThHDH, HE L+ OEAF#EIZIT SIMPLE %
T, 105x100%x55 DY — A v ¥ 228 B EHEHHEE21T-
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Table 1. Boundary conditions of calculation for correct field

Boundary

Boundary condition

Velocity: 1 m/s

Inlet
Temperature: 20°C
Outlet Free outflow
Velocity: No sli
Walls 4 i
Temperature: 20°C
Heat Sources Thermal loads: 400 W x 3

2.2 BAIT—5 OERL

BERDOFEENG)S 400W DFF 1200W & L725HDy F
[R5 D XZ Wik DIREE - SHEES3 AR % Fig2-3 IR
T RHI O B A & ISR S 7= e u 3R
Tz U, XA N OWGA AN [R5 o BYROE T T
RN BT 2 Z L0 5, EROTEIHE =, B4
IEFRICBIRIC K VIS TER Y SIROME) R )
BUGAIZ[AIN T, WAUIIR > TR FIHNTW D,

ZESRRRAN - A L T S
TR ERE R Aol (2020.3.9)
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Fig.1. Calculation domain and observation points
Table 2. Information of observation points
Coordinates of observation points
X 0.1 0.5 09 1.3 1.7 2.1
Y 1.5 1.7 1.9 2.1 23 25

V4 03 0.5 07 08 09

T
3.500e+02

342

| ulmm

=327.75

w
w
o

200.25
2.930e+02

mlﬂlll‘\ll\\\ll

LA 4

Fig.2. Calculated correct temperature distribution
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3.EFABRCEIC R HHERE

B RS AT A - DY CFD 3184 & LT,

BUNT — &2 OIERUIT I =0 & [F] UGl ot L, 24
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TR A RASEPNHEE T2, BERSM% Table 3 12,
IR/ A % Figd(a) (g, IS CIIBNRDHBEL L
RN, BPITITRE G NTAE L TR,

U (m/s)

N w

IR

Fig.3. Calculated velocity distribution

T DFELRE R L BT — 2 ek U B A T
T5, 20O & EBHMEITIRE 180 AL (6X6X5) ZHFAL,
BULSICRT DIRE 2 [EE LT, B HEEE, BUHLSO
IREZEE L, BHBEERIMET 5 X912, CFD #5&
EAEET %, BHBEETEESNISAITE & b
AT FOPGA MANZIRES EH L, BWOSGA A1)
S TN TOWLSBEHAR BN S, BEIEOZEMIARIZ DO
T, B HBEEGEITBI S DL 2 EIET 5 2 & Lotk
TELT, WHEHSITHES L 7RV, £ 72 Figd(b) ik
EOBPFEIIZET L TOSEIREY b EH STV
U, Figd(c) & 0 BRI ONLE 2 E I BBAE O RS
R L B2 TODENSN- T,

Table 3. Boundary conditions of CFM calculation

Boundary Initial condition

Velocity: 1 m/s
Inlet 4

Temperature: 20°C

Outlet Free outflow

Velocity: No sli
Walls 4 i
Temperature: 20°C

Heat Sources Thermal loads: 0

TEARE & IEIE D FEENE D7 & 2 5B % 395 72
O, BT — 2 OWE LR Ut amio s L, 20 %
200W CTHENS . R EZTT- 72, WIS} % Table 4 (2,
A-AWTHE DIRFES3AR % Fig.5(a) (T~d, BUANE% Fig.5(b)
(2, AEIE SIVZIREE A % Fig. S(e)ZRd, Figs 12k,
IREICBWTE AR E WD = & T, AR S IEAHE
\ZIEWVGARIZ 72> CUND T E DR T X %, Figd L
IERIE & OREEDZEN NS WP I 2 5 fitifi
Brb ez b 2 & ¢, BN EMREICZ LV E-3< 2
EWGrInoTe, TERE & WIHE DR EED 2/ NS T
HZELIZEY ERDUENRTEND,
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MR R RICE (2020. 3.
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'E: 15
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2
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(d
Fig.4 Temperature distribution

((a), Initial temperature distribution
(b), Temperature distribution of “correct” calculation
(c), Temperature distribution using CFM

(d), Absolute error between initial value and “correct” calculation)
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Fig.5 Temperature distribution
((a), Initial temperature distribution
(b), Temperature distribution of ‘correct’ calculation
(c), Temperature distribution using CFM
(d), Absolute error between initial value and “correct” calculation)
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TR ERE R Aol (2020.3.9)

Table 4. Boundary conditions of CFM calculation with small heat

source
Boundary Boundary condition
Velocity: 1 m/s
Inlet 4
Temperature: 20°C
Outlet Free outflow
Velocity: No sli
Walls R4 i
Temperature: 20°C
Heat Sources Thermal loads: 200 W x 3
4.FED

AWFFETIL, ENBIRDZER 30 DIEME/S R 21T 5
7=l BUEDFF a2 L OB DiGE
& HENE & HEEME DO DRREZ [RIRF B [T % B
BEERER L., ZOFEZHNDT0H, BEOERFEEL
T HHAITOVWTCFD v = b—y a VATV, R
FEoAiasRked, BUNT —2 ZAFp LTz, S BITHRR 54
BRI DBt 217 5 2 & T MBIEIEZ
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Yk L0 ERECHEE ST 5 Z LR TH D 2 & ZREI T
&7,
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Gtk LBINEA AT 5 2 & TEN AR - WE
Sz iR E U TS Y — v & LT 5
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bz O IEE & Bdafrofa Fik, 5 22 BB
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NERA FEETHIEEA 714 RAEILOBARBRSHEEICET MK
(ZM4) CFD I K 2 BABMKONENZENEESMICRIZTHZEDKETT
Natural Ventilation Performance of High-Rise Office Buildings with Light Well
(Part 4) Effect of NV Opening Position on Indoor Temperature Distribution analyzed by CFD

Ol AFE (KM KF) IR F)R S CRBROKRE:)
MEeE i (KRBRNRE:)
Yuka FUJITA™  Tomohiro KOBAYASHI ? Noriko UMEMIYA ™

"' Osaka City University ~Osaka University

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. In

this report, we evaluate the effect of natural ventilation openings on indoor environment using CFD analysis.

1. [FC®IZ

P = %L F—=° BCP %K D 7= 6 H AR 3
HENTWD Y, EFTHE M CHUSRICHRE 3 5 H AR H
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BN FES < MEREREM O M A2 EfE L CiRit+5 2 &
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LUK EE OFEFAZ OV TR 72, A TlX CFD
RFTIC L D BARBR O ONLE A /8T A R Y » 71T
B UG AICE L 2 ENBRE~OREZFNT 5,

2. fEATILE
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NRTEKQONDIMHT 22 & & Uiz, #E=EINEG
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HARMR OO OMARES T XTHRA RBEOMND
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Fig.1 Calculation Domain
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IR D 2% 2T V% Case 3. 2B EHO L
(FL+2,850 [mm]) |ZEXE T HET /L% Case 4 & LT
45T h b, FHEK T IR Z SR E AT
50 [mm], ZKFEJFANC 100 [mm] T—EEIZArEI L7z,

Table 1 [ZfEHTHEEE, Table 2 ([CEE RS2 R~d, H
SRELR N D6 DR EIT T HEN - HL 8] M F R I
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BIIAAMEZQUE T 272 0ICRIE 26 [C]. RHL
REZ20[Cl. ERNMEEZEAT=6[C] L LTHE
L7z, FEER OB RS ITBREAR THE L.60 [W/ A ]
DN A A545E U 72 S8 B 2 HUESLLS 170 fEEdE L 7=,
SIS - BBIASOREET 40 [Wm'] ZE L, £
D 1/3 DFEE L —FRIZIREIZ, 7% 2L Lo 5
ZHT L, BERBIOKmiIseaeWine L,

4. FFE A %

A TIX A ARERIC X D SN R O sy Btk & 5
T 27D Ry ERmERHWLZ e L, 4
H #a 5 RE [ CBR L 728 T & % SVE3 % CFD fi#tfr 72 5
BT 5, FHEBENEEOARZEANLZED R
77 NEEZFE T 5720, LTOXEHWT R 7
MZ L2 PRI EESR (PD) > #HH LT,

PD = (34—1,)(V, —0.05)°(0.37¥ Tu + 3.14) (1)

2T, t TR ERIRE., VX RATEEE, T, 1%
TLIAE 90 & £ 3, V. 1% CFD 47 % 5212 Popiolek” &
OXEMALCTAD 7 —RBITHE Lz, 7ok, K
CIHEEEN IR 1,800 [mm] £ TOZER &5,

Case 4

-
/T—*

Case 1 Case 2 Case 3

e

Nzl

r r r r

2850
2850

200
N
‘f A
2
120

(1) FL+200  (2) FL+1200 (3) FL+2850 U (4) FL+2850 S
Fig.2 Schematic of the Analysis Case

Tablel Analysis Condition

CFD code ANSYS Fluent 17.0
Turbulence Model SST k-w Model
Algorithm SIMPLE
Discretization Scheme QUICK
Case FL+200 | FL+1200 | FL+2850U |FL+2850 S
(Casel) (Case2) (Case3) (Case4)
Total Number of Cells | 7,533,248 7469,888| 7,533,248 7,533,248

ZEEQANRN -+ Al TRl S
TR R Ao (2020.3.9)

5. BIMERLER

Fig.3 |2 AA’ Wi (Z=7,350) OFEMARY A —Z —
fHEICB T 2SO R EZRT, Case 1, 2,3 1%
NRYA—=F—~ORBHFANKE <, Bl T
0.4 [m/s] DJRED & 5, —F Case 4 1T A L 725K
DRI > TN D T2~ Y A — & Z2[ O JE
~D BT 720N, Figd [ZHK 100 [mm] (Y=100)
TOYmiRE A, Fig.s5 [Z /K m ¥ =R & AR
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DR S, BT DHE IRV NWEE 25,
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Table2 Boundary Condition

Air Flow Rate 15,443 m*/h
AC I 10%
L Imm
Temperature 20 deg.C
et i East 2,300 m*/h
Flow Rate West 1,956 m’/h
NV Openig South 11,335 m’/h
I 10%
L 600mm
Temperature 16 deg.C
Outlet Return Air 15443 m*/h
Void -15,591 m3/h
Human | Heat Flux (29.4W/n)
Heating Element Surface Floor Heat Flux (53.3W/m?)
Desk Top | Heat Flux (94.2W/m?)
[ FL+200model Nl FL+1200 model [N
' 24
o 2.2
2.0
1.8
1.6
(1) Casel (2) Case2 | 4
= : - 1.0
0.8
.~ 06
0.4
0.2
0.0

(3) Case3

(4) Case4d
Fig.3 Contour of Velocity Magnitude (Z=7,350)
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Fig.4 Contour of Temperature (Y=100)
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Fig.6 Contour of SVE3 (Y=1,100)
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Case 1 : FL+200 model

100 mm

Y=

ZEEQANRN -+ Al TRl S
TR R Ao (2020.3.9)

) BEMA, /R, IS TR A RERAT omEA 7 «
AELO A RKMEREICB T D E (2D 1) ML—H 0
AIENT & 2 225 A K OB O PAIIE |, 225G
T T T S AT A 72 38 R X Tm SUEE L A-29, 2018.3

)R, AR IS - TR A RE2A 25 mEFET
O HARMKMEREIZBE T D098 (20 2) FEMATICEIT S
AR SURE D SR PN BRBE FE I K O SRR ), 2019.6

4y R MR D AN A P2 AT D E T
D ARIKMEREICB T D98 (£ 3) FHEM FIZB T 2
B MR AR A RN OEREIREESATIIE] |, 2019.6

5)P.O. Fanger, A.K. Meikov, H. Hanzawa, J. Ring : Air
Turbulence and Sensation of Draught, Energy and Buildings,
Vol.12, pp.21-39, 1988

6)ASHRAE #fi : TAHRAE HANDBOOK FUNDAMENTALS SI
Edition] , pp.9.14 - 9.15,2013

7)Z. Popiolek, A.K. Melikov : Improvement of CFD predictions
of air speed turbulence intensity and draught discomfort,
Proceedings of Indoor Air, Paper 718, 2008

Case 2 : FL+1200 model
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Fig.7 Contour of PD (Y=100 and 1,1100)
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Temperature and Contaminant Concentration Profiles in Four-Beds Sickroom

with Displacement Ventilation

(Part8) Influence of Internal Partition Curtains on Contaminant Concentration Profiles
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R HR (RBRR:)

Taisei IHAMA™ Narae CHOI"' Toshio YAMANAKA"™ Tomohiro KOBAYASHI™

"'Osaka University

Unpleasant odor from patient's 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. Four-beds sickroom has partition

curtains to keep patient's privacy and it is expected that the curtains has great influence on the temperature and contaminant

concentration distribution. This paper presents the experimental results which investigated the influence of partition curtains on

the contaminant concentration distribution.
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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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Table 1 (2 CFD fi# T 54 % . Fig.3 (2f & L T Case 2

Table 1 CFD Analysis Condition

CFD code ANSYS Fluent 17.0
Turbulence Model Standard k-epsilon Model
Algorithm SIMPLE
Discretizatiqn Scheme QUICK
for Advection Term
2,000m’/h (22.0°C)
Case 1, Case 2, Case 3 : 1.30m/s
Inlet Case 4 :0.325m/s

k, € : based on Turbulent Intensity and Length Scale

1=10.0%, L=198mm

g;:z?igl Outlet Based on Flow Rate and Outlet Area
Velocity Standard Wall Function
Human 45.6W/m’
- - 5
Walls Heat Flux Window .Slde 8.00W/m
Other Side 4.00W/m’
Window 25.0W/m’
Total Number of Cells 3,613,588
Modeling Method bSoufise T;rm for l\iomegt}lllm E?ua?tign
of Punched Metal ased on Pressure Loss Characteristics

Porosity | 50.9%, 22.7%
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Y, MR OXITFHEA TOREN 0 Tho7cZ &
HRT, Case l 1T ep D1 &2 FRIDZERHY, BE
DO ATLEL TOFEEEITIEREDMLETH D, FHLE
% Ff 5 Z & T, Case2ldNo.l, Case 3 TiL No.1 ®
Upper, Case 4 |3 No.1 @ Lower Tep DIL TN R 5172,
BRILE A T D 2 & CENORIRD AN EILT 55
BTHLN, EOMBEIZBWTH g8 1 % FEID Z
LR BEFEOR L TCOHIEREITHERIEE XV
B2, IR TWS EE2 6N D,

4.FED

AHTIE, REOEERRELBE LT V&
MWT, KPR - TEE T Z 0P Lok Xz
XFRIT CFD ff AT 24T\, #eXALEDER N 26§
BN B~DRBEORELT o1, MRELT, &

Table 2 Air Change Efficiency and Local Air Change Index

Air Change Local Air
Efficiency Change Index
Case (&%) (&p)
Room Around Bed | Around Mouse
50.9% | 22.7% | 50.9% | 22.7% | 50.9% | 22.7%
Casel | 0.245] 0.250 | 0.582 | 0.524 | 1.00 [ 0.915
Case2 | 0.347 ] 0371 | 0.753 | 1.06 | 3.55 | 3.38
Case3 | 0.319 | 0.307 | 0.824 | 1.10 | 10.7 | 8.67
Case4 | 0.339] 0353 | 0937 | 1.04 | 2.11 [ 2.40
Table 3  Local Air Quality Index for Case 1 - Case 4
Local Air Quality Index ( €5)
Case | No.l1 Lower No.1 Upper
50.9% | 22.7% | 50.9% | 22.7%
Case 1| 2.54 | 0.826 [ 493 | 0.76

Case2| 243 | 236 | 157 | 12.6
Case 3| 47.3 X 133 | 239
Case 4| 55.0 | 342 | 23.6 105
Local Air Quality Index (&)
No.2 Lower No.2 Upper
50.9% [ 22.7% | 50.9% [ 22.7%
Case 1| 0.64 | 1.37 [ 0.78 | 1.05
Case2| 7.34 | 105 | 820 | 26.2
Case3| 163 | 80.7 [ 9.47 | 18.9
Case 4| 33.9 X 204 | 94.9

The symbol 3¢ indicates Not Applicable because the
local concentration of the contaminant was almost zero.

Case
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Airtightness of Damaged RC walls
Part2 Infiltration modeling for single slit
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Kei OGAWA*1 Yoshihisa MOMOI*1  Yasushi SANADA*2 Rokhyun YOON*2

*1  University of Fukui *2 Osaka University

The purpose of this study is to establish the prediction method of air infiltration rate through crack openings of the

damaged RC walls. The air leakage characteristics expressed by the relationship between the pressure difference and the

ventilation rate through the walls depends on opening shapes. In this paper, the airtight performance of a single slit was

examined by the experiments and computational fluid dynamics (CFD) simulation.
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N O CFD fibT 247V, — el S feiala e e L,

RS 24T - T A RIS DWW TS T 5,
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Slit onverter Inverter ! ! !

Inner Chamber (274mm X 212mm X 274mm)
Fig.1 Experiment Setup

Fig.2 Analytical area
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Table.1 CFD Analysis Conditions

Analytical Code

scFLOW versionl4. 1

Fluid Property

Air, Imcompressible Fluid

Analytical Method

Steady—state, SIMPLE

Turbulence Model

Laminar flow

Discretization Scheme
for Advection Term

Blending Scheme
(1st upwind+2nd upwind)

Convergence Criteria

1.0x10°

Inflow and Outflow
Boundary

Volume flow rate

Wal | Boundary No slip
Distance of Slit D[mm] 1. 2. 3. 4

Fig.3 Mesh layout(D =4[mm])
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Development of a Design of Local Exhaust Hood with High Capture Efficiency

(Partl) Evaluation of Capture Performance of Local Exhaust Hood based on CFD Analysis
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In factories, contaminated air by pollutants is mainly exhausted by local exhaust hood. However, the current design of

local exhaust hood does not take into account all the contaminant diffusion and the effects of disturbances, and is designed

based on the designer's experience. Therefore, in this report, we proposed a new design method of the local exhaust hood

using the local critical airflow rate ratio. In addition, the airflow properties and the diffusion of contaminants in the hood

were examined under the conditions where there is a free field and passing airflow by CFD analysis.
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Tablel Controled Velocity given to Contaminant Source”

EERDDFEEKR R E [m/s] EZX DB
ZROFENFEAELL] 0S5UT |[REILSEXEKTIER
B CREEL-TICRE HE
ZROBENDAEVGIT| 05~ 1.0 |WRFIFHE, BEEE,
EVRETHRE 2%[:%*’&)\%6@
ELRDEENKELMEED| 1.0~25 |SEWMITEE, B
REREOKXKZWVGE ITHMBEBRAT DIEE
ZROBENMEOTKREL| 25~100 (514U TEE U
EEDFKERENEH TR FISR ., ERHE
AN 1) JiES

Table2 The Value of Leak Safety Coefficient"
BEESRDEE ENREGRBDIE
0~0.15 m/s n=3
0.15~0.30 5
0.3~0.5 7
0.5~0.7 10
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(=3 S *
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/ ] source ——— >
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a) Free condition b) Passing flow condition a) Canopy Hood b) Flanged Hood
Fig.3 Analysis Domain Fig.4 Local Exhaust Hood
Table3 Summary of CFD Analysis
Analysis Type a) Free Condition b) Passing flow Condition
Hood type CanopyHood | FlangedHood CanopyHood | FlangedHood
CFD code Ansys Fluent 19.2
Turbulence Model Standard k-¢
Species Model Species Transport
Algorithm SIMPLE
Discretization scheme QUICK
inlet Velocity Magnitude U=0.0207[m/s]
Outlet Local Exhaust Hood| Velocity Magnitude U= 5.0515[m/s]
Boundary Condition utie . Outlet Ceiling Velocity Magnitude U= 0.0014[m/s]
Gause Pressure : 0 [Pa] n -
Wall-outlet Velocity Magnitude U= 0.004[m/s]
Walls Standard Wall Function
Cell Zone Conditi0n|Air (contaminant) Air source : 0.0416334 [kg/s]
Total Number of cells 1837562 | 1800263 | 3675124 3600526
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Table4 Analysis Result
Free Condition Passing flow Condition
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The Piping Flushing Method That does not Exhaust Any Flushing Waste Water
(Part 4) Application of two-stage filtration for flushing water treatment

ORig il (RWEFT) g EZ (RRPEVET )
W Bk (WREETIE) thm s (WAL =707 =t )

B e (RS =70 -0 2) Al HER (R ey y =707 -t 2)
Kosuke OSAKO*1 Minehiko SATO*1 Masao MASUDA*1
Shigeki OKITA*2  Susumu YOKOKAWA*2 Masao TAKEKURA*2
*1 Takasago Thermal Engineering Co., Ltd. *2 Takasago Marusei Engineering Service Co., Ltd.

Flushing is a process to remove impurities such as slag, a zinc oxide, etc. in the piping system. We have developed the
environment-friendly flushing system for not draining water. There is a problem that the flushing water treatment equipment

used in this system is large and heavy. However, this time, we succeeded in reducing the size and weight of the equipment.
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Fig.1 System overview
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Photo 1 Flushing water treatment equipment
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’ Inflow water
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®

[First]
Coarse filter

Coarse particle capture

[Second]
Microfiltration filter

Small particle capture

' Treated water

Fig.2 Imagine of capture principle

Table 1 Result of SS removal test

Filter name . Fiber SS removal amount
diameter(pm)
A 16 1/30
1
B 2 (Standard)
C 35 1/3
D 50~100 1/8
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Photo 2 Two stage filtration equipment

Table 2 Result of various condition

Piping Turbidity [NTU] .
Field Kind of water Kind of SGP Quantity of water [m’] Before flushing ﬂu?h?ne; mﬁt‘;ilrav%:tgrf Processing time [}
R Eggrgzg White gas pipe <10 33 5 07 08
Ao, White gas pipe <10 39 3 13 038
) C?(P?rrjva?ytj;r Black gas pipe <10 126 463 1.6 09
(ggii:d:t;r) Black gas pipe <10 141 4 47 !
(Ili\gltl;zf:;r) White gas pipe <10 119 346 03 0.8
Cﬁﬂﬁi&ﬁ?” White gas pipe <20 52 3 0 08
C
CO(()grg;Vc)ater White gas pipe <50 24 9 0.2 0.7

3 : Processing time = two stage filtration processing time / coagulating sedimentation processing time
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Table 3 Primary specifications of 3 types of flushing water treatment equipment
Subject Specification
Method One stage filtration Two stage filtration Coagulating sedimentation
Power supply 100V 100V 30 200V
Flow rate 3m’h
Treated water quality <
(Turbidity) =3NTU
‘Water pressure resistance =2.0MPa
Reaction tank unit:
Coarse filter unit (First): 1,150 mmx820 mmx1,940 mm
550 mmx650 mmx1,600 mm Settling tank unit:
Dimensions Microfiltration unit: 820 mmx820 mmx1,770 mm
lengthxwidthxheight 600 mmx800 mmx1,400 mm Treated water tank unit:
Microfiltration unit (Second) : 800 mmx800 mmx1,260 mm
600 mmx800 mmx1,400 mm Control panel unit:
700 mmx800 mmx1,780 mm
Reaction tank unit:
Coarse filter unit (First): 400kg (850kg)
100kg (150kg) Settling tank unit:
Weight Microfiltration unit: 350kg (1050kg)
Not working (Working) 90kg (120kg) Treated water tank unit:
Microfiltration unit (second): 100kg (150kg)
90kg (120kg) Control panel unit:
80kg (80kg)
Table 4 Available water volume and advantage of 3 types of flushing water treatment equipment
Filter method . . .
One stage filtration Two stage filtration Coagulating sedimentation
Available water volume <10m’ <45m’ 45m’ <
(As a rough guide) (Small building) (Medium building) (Large building)
Sealing equipment Sealing equipment .
Advantage Compact and lightweight Compact and lightweight Low waste emissions
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Capture and Containment Mechanism of Local Exhaust Hood in Commercial Kitchen
(Part 20)Effect of Air Disturbance caused by Movement Body
on Capture Performance of Canopy Hood

OTFT W # & CKERKRZ)
AN AR R CORBRORE)
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Sae SENDA™ Toshio YAMANAKA™
Daichi TERAMOTO"

Jihui YUAN"

Wk gk CRBR®)

= kR CORBRORE)

Tomohiro KOBAYASHI™

"' Osaka University

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. In order to improve the capture efficiency, we study exhaust hood

using two directional additional jets. Before examining the effect of the additional jets, in this study, we report the results

of the capture performance without the additional jets to understand that of canopy hood alone. In addition, in order to

simulate the actual cooking environment, we study effect of air disturbance caused by movement body. As a result, it was

faund that the capture efficiency decreased when air disturbance occurred. In the next study, the effect of the additional jet

will be reported.
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In commercial kitchen, the working environment tends to be worse due to cooking pollutants and combustion exhaust

gas, so it is required to exhaust pollutants efficiently. In general, to improve the capture performance of local exhaust

hood in commercial kitchen, exhaust hood is replaced with new one. However, it has the disadvantage of high cost and
long construction period. Therefore, we focus on the additional jet device that can be retrofitted to local exhaust hood and

evaluate the capture performance of local exhaust hood equipped with this device in this study.
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Analysis of Indoor Cross-Ventilation Flow using Domain Decomposition Technique by LES

(Part 1) Validation for a Room with Two Openings

O®A  ¥EH (RIKT LK)
Hiroki DOMOTO *'

*! Osaka City University

BRSNS CRBROKR )
Tomohiro KOBAYASHI *?

e i (KRBT RF)
Noriko UMEMIYA *!

*? Osaka University

In CFD analysis, it takes an enormous amount of time to perform a case study with various combinations of opening

positions, and the calculation load increases if high accuracy is required. Therefore, there is a need for a method

for reducing the calculation load while maintaining the accuracy. This paper presents CFD analysis using domain

decomposition technique by LES under the condition of AC, of about 1 and almost 0 for a room with two openings, and

evaluated indoor airflow properties mean velocity magnitude and variation of velocity magnitude.

1. XL &I
ITEDFHEREMEREDIM U2 kv BRI - @ E Sy B
DORFFETH Large Eddy Simulation (LES) 23FIH i 5
L1270, BIZIZEE - RS D EH D Y X E MR
BET VE W Z1T72> T b, LarL, LES
IRSRFH A AN E O T2, —RICE NSRRI fRT
DTN 5 BRHR « 18R DOKETCITE MR TR O 2
WMEBNE T2 2 ENBURCTIIREECTH D, —
J7. BAMNEEREE TR0 Tl LES R OB EM R E
Tl LT, LES &0 A RTA L ERLTT —
B R—=A%NAT DA RT w7 ) OHBEAR LD,
W aEED & L TRINIRD A% %5 & L7z LES 1%
SHBIETHEBZ B, RFRETIEL, BIMENT T —
ZEFIH L CEAOAKRIA - RS E LES TR
ZFRAT U T-BRORE FE DORGE & RO 2 B &35,
ABFFETIE A5 “¥ 23 RANS CEHEAREZMZ 5
FEE L CENOLZ R E L [HEgyENE) %
LES Tl L., BWMWNstZ RIRHCAT 2 [aEt
OFER LT 5, R TIXAH OBV RFTFEEL
FT LI K B i BRI IE O 3 K OV AR O
HEBTDHZEOREE T A2 L, B THO
TCHEET VAR 2T o Tk A BE T2,

2. R E
21 ZANEIRETE (£EE51E - Whole Domain)
FEEAYENED RS L LT, BER Y LRI R
FEBR A B L CEE T VNN RIREICfiENT 9% CFD fif
Hra LESIZX 0 To7z (DR, 2IEHE), MRTIEEl
& 1,000 mm, & S 1,000mm, & X 3,200 mm , fEHT X
G1% 40 X 40 mm OB EZAH T 55034 200 mm, AE
JE2.0mm OEETNE L, FHEETOME % Figl
\RT, B OE &1 100 mm & L7-, fRMTSE S
L CBRONLE Z 2 b S8, Fig2 (R d 2 STt %
179, 728, MO OO RN — L REF LD
FEHTH DA VTR R ERREGE (4C,) bRt 2,
LES |3#8%E k- =5 /L (SKE) O REE2HISEE LT
FHERFFIRRIE 172,000 s, FHEBAAATE D 2,000 time step
(=1.0 5) & LES ~ORBATHIA L L TRESRAIEE L, 20

Of)/ening 2 " Opening 1
» AC,=0.003 AC,=1.083
Wind Opening 1 Opening 2
60 40. 100 155 40 5
(1) Case 1 (2) Case 2

Fig.2 Opening Position of the Studied Model (Floor plan)
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Fig.1 Computational Domain and Mesh Layout
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%D 50s EARGFHELEAIR U2, 728, LES Ot ABER
1% Fig.3 (2”7 1/5 R FH| OB Smirnov & 7
OFEZHEHA L THER L= EB R A 5 % 72,

2.2 BEFHLLIETILERL-fEE S Bl (Method 1)
JRPETFELE 7 L & R\ T2 SR 43 B10E O FIE % Figd
W9, £ Figd O T O —/L K
TV TRV 21TV, B OB ENT & O B EE H
. BEOHLSSAMANS 10 mm BN 7N B O BEfHE
FRIT I OBRREEGE 2 5oy & G L7= (STEP 1), Zhb
Z ST T W L. 4 time step Cil a4 &
HL72 (STEP 2), RIZENOHZFENTHEEE L, STEP
2 CHRH U 7R & A B D i A CBR L 72 Bl D i is#R 7 1)

ZESRRRAN - i L T S
TR R Ao (2020.3.9)

JRGEE & S — /L RET VORI EHE TS L7- Bk
FFEGE 2 55y & ENEIT O ARG 2 T-ENR
TRfENT 21T 572 (STEP 3), =ENOfEHT CTI% SST k-0 F
TV (SST) CTHE D ENEIC LD ENEITZ1T > T2 hE R
AR U, BHRIFRIRIGIE 12,000 s, FHEBRAATE
@ 2,000 time step (=1.0 s) % SST 75 LES ~DOF1 TR
EHRIRUTHREREMIEL, TDH%D 50 s ZAFH LA
LT, 7ok, BAVKURAENT & ENKIAENT OF FkE
FIEEEHAEOLO L —H S THEEZ TR o7,
23 RARBDHEEE L =185 EiEZ (Method 2)
WS Uiz sEik BlE & LC, RFTRELE T VIdH
VNP RN O A R AT OHERR 7 T G S0
TH 2D FEOKRFEIT->7-, 2%V, Figd OFIAD

Table 1 Calculation Conditions in CFD Anaylsis

1
. . Domain Decomposition Technique
Analysis Method Whole D
0.9 Turbulent R ole Doman (Method 1, Method 2, Method 3)
0.8 —— Intensity Turbulence Model Large Eddy Simulation (Smagorinsky Model)
07 Velocity Ratio CFD Code Fluent 17.0
= (1/5 Power Law)~_ Algolithm SIMPLE
9]
0-6 . . .
f Dlscretlzathn Scheme Central Differencing
2 0. for Advection Term
§ 0 Time Step 0.0005 [s]
= Transition Term 2,000 time step (=1.0 [s])
g 0. Main Calculation Term 10,000 time step (=5.0 [s])
0. Inlet S 1(5 Polwer 1?}‘:/ g Based on the instantaneous velocity calculated
0. Boundary (Smirnov's method) by the procedure shown in Fig.4
0 Condition Outlet |Gauge Pressure :0 [Pa]
0 02 04 06 08 1.0 Walls Two Layer Model of Linear-Log Law
Velocity Ratio [-] Total Number | Casel 728,613 Outdoor : 317,251 Indoor : 149,940
Trubulent Intensity [-] - -
) ) of Cells Case2 1,828,366 Outdoor : 317,251 Indoor : 641,500
Fig.3 Velocity Ratio and Trubulent Caloulation Time L-C25¢1 About 54 [h] Outdoor : About 24 [h] Indoor : About 9 [h]
Intensity of Approaching Flow Case2 About 132 [h] Outdoor : About 24 [h] Indoor : About 66 [h]

STEP 1 : Sealed Buildng Model Analysis to obtain
instantaneous value for P, and P,

STEP 2 : Calculation of Instantaneous Flow Rate of Opening
using Local Dynamic Similarity Model (LDSM)

STEP 3 : Indoor Flow Analysis using LES with
Domain Decomposition Technique

Start Start Start

Q‘Extemal flow field is analyzed by RANS calculation, e Indoor calculation domain is simulated where
i where a building is simulated as a sealed model, and i [ opening is inlet/outlet boundary.
I the result is used as initial condition for LES ! ®Renewal of instantaneous internal presure, P, [Pa), by bisection method 1
i ' (Initial Value : P, = (P +P ))/2) ¢ ] Inlet boundary
@ Turbulence model is switched to LES, and preliminary | * v i .
! calculation is run (0.0005 [s/step] x 2000 [step] =1.0 [s]). i @ Calculation of dimensionless internal pressure, P * [-], defned by i N g
i ! |
OIMain LES calculation for the sealed model is run i P = PR - PH \which means Driving force normal to the opening |

. = < ! == whic ean: !
i (0.0005 [s/step] x 12,000 [step] = 6.0 [s]) ! * : Disturbing force parallel to the opening |
| ° i
i P, ‘ ‘ ‘ -§ $ Correction of discharge coefficient based on P ¥, according to i
i I - 3 !
] Vot HEN +1 T 08 !
i v’ M),,;': Sealed & S 07 LInflow Outflow B}
B o I\ Building 220 Z L
| il S\ Model E 2, g NN
i H = 2 05 |+ a5 :0.67 2 B
i » s = 3 04 . . & Outlet boundary
| Position where 38 S o0al Py, +2.89 for outflow 'P ‘ g » o
| R - 3 0.2 3.17 for inflow a=min|a| "2 o g Inmal' condition is calcu'la'ted py RANS model
' » to be located 2 %ﬂ = e n :0.23 for outflow s E of which boundary condition is obtained based on
! mEEN Emi} £ 0-01 022 forinflow | S | RANSresult of STEP I and STEP 2.
i | 3 2
i ‘ ‘ PW & » a 40 30 20 -10 0 10 20 30 40 2 Turbulence model is switched to LES
w amhl ! Dimensionless i 1P P B
! ”, N i imensionless internal Pressure, P, * [-] E For both inlet and outlet boundary condition,
i Yoy Vo) ! ® Instantaneous flow rate calculation for each opening = three components of instantaneous velocity are

i ; . ines-

i e P :Instantaneous wind pressure [Pa]; i 2 ' given as followings;
i — Static pressure on the wall is adopted i O, =sgn(P, - P, )a 4, ;lPR - Rul i * Velocity component normal to the opening;
i © P, : Instantaneous tangential dynamic pressure [Pa]; i | coloulation of il bal P <-9-- P -0 -)P i v, obtained from STEP 2

Q! 1 Q! i % wl R w2 1
3 asuylm::ddwVbeﬂ(liyngmlgtpre;bure ?lf velocity i Caleulation of airflow rate balance 0-\/\/\/\—0-\/\/\/\-0 ! » Two velocity components parallel to the opening
} magnitude i the vicinity of a wa ! AQ=20 =0 ad, A, i Vo and Vi obtained from STEP 1
1@ v, v, Two components of velocity T No - S
i ’ Pz parallel to the wall [m/s] i Calculation converged? Preliminary LES calculation for indoor flow is run
i ! 0.0005 [s/step] x 2000 [step] =1.0 [s]).
¢ Obtain instantaneous value for P, , P, Vi) s and Vi) | yes ( [step] [step] [

’ y E Instantaneous flow rate of each opening is obtained throughout main

i
i in time series throughout the main calculation period ".:
3 (6.0 [s]). |
v .

End End

calculation period of sealed building analysis (6.0 [s]), and instantaneous
velocty component normal to the opening, v [m/s], is givenas v =0,/ 4,
v

Main LES calculation for indoor airflow is run
(0.0005 [s] x 10,000 [step] =5.0 [s]).

End

Fig.4 Calculation Procedure of LES using Domain Decomposition Technique with Local Dynamic Similarity Model (DDT-LDSM)
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L "C STEP 3 DS NFEHTREO BA 1 M 547 7 1a)JEGH 2
Bz 7e, BRI AT Ry O A M BRI LB M
OBERRITIEE 2 f oy &2 5 2 12, AR TIZZOFkEE
Method 2 LFE#T %, 738, ZOMOMEHT FIEILATH
@ Method 1 E[RlERE L7,
24 FERARICRAT 58E2EE (Method 3)
BERGME IO b LIz EEE LT, B
I BAMENT OB RE & A ) 7 4 AN DAL
IR JEL A2 2 DV N CBH 1 AR 7 (R O B s oD 7 %
HRAHEBE RIS E T 5 LES fiftrofst bit-7-, 22
TILZDOFE% Method 3 EREHT 5, 7ods, WEAREL
DEEMEOT=D, YL FEOBRER AR & (BT
6] JEGE) (XA Method 2 L5 2RI UM L 725,
AR D CFD fiEHT O ZE % Table 1 [2F & D TR,

3. FHlFi&

AIE RS L ORI 3 FOMEER B (Method 1,
Method 2, Method 3) D7t 4 FED L0 LES 715 T
M D A 1 2 — 8k 5y 4 & FigS (Zos 310 Eldm e -
DRI ié%ﬁﬂﬁ@¥ﬂﬂﬁ&@ﬁ@ﬁ%%%@
T 5, £, BEEOLEEZIT O 2D AGEEIZB W
TR OICREIRA T 2B EGH D€ = & — &
HBAOT o4 HiTOmEL (Fig6), MBHONL DK X

SR AR TR S

EHTF IR R SRS (2020, 3.9)
BEF O, B2 XALAT v TRD, WAUTEVEN
OO L) E A wEE (AFR) &L CHEHLE,

2

4 BIHEREBR

Table 2 |24 O@E &L~ RATHELET v

VIR EARE SR 28 9523, Case 1 Tl AHEH
D&%umi%ﬁ@ﬁ%¥ﬁﬁ#0M\®m2Tﬁ%
A A OUEEARORFFELED & $12 0.64 &7
0.6 & [EE L 7= Method 2. Method 3 & DR 7= 7 &
N5, FigT I[Z&SMORREPEY R 2 v 7 — % 78T,
BR D iR [0 G & 5 X 72\ Method 3 ClEitA A%
HELTX72\\ 28 Case 1. Case 2 & bR MK
LB D, PRI EGE % 5- 2 7= Method 2 Tl Case
1 G R B A3 KEE 9~ 2 28 EPEI S I T SN R R
ANEB X T, Fig8 [Z& ko RmE -1c
BT 5 14 R L b SRR DR YR 24 7, B
[ EE % 52 7220 Y Method 3 TIELod Sefth & E B[ A
RES R D, Fio, HEHRIGTREEZ 5 2 72555k
Tl Method 1, Method 2 & HIZfEFA AR QI T
TW5, ZO7=®, LES T ARA 2@ U mEl L
7o A VL BAMRHTIZ D < EIBG ENE A -V T2 =N
RIIRNT A RN & 72 2 ATREVEDS /R S AT 28, -84 JG -
FERRZE L BICE IR E R EoRIT RO, TED

[ BAT » FTORRERARR AT 0, ROWIHEAR  S5A6ECHT TORMABELE 2 5,
oo Monitoring Point of Opening
Table 2 Ventilation Volume under Instantangous Velocity 5%(;15'15%%2_5'2'2_5'35'
each Analysis Condition Bé ¢ % TECPOB U E
3 o 7. G
Model Method Flfr‘;lvg/%?te g4: 5 :6: E £
. pSe o rSe O
Whole Domain 6.67 |$ pbe = e N
Case 1 |Method 1 6.44 Wind pe o e 452 )
Method 2, 3 821 PSe 2 2o |+ 40 S
Whole Domain 19.26 e v rle o i\/lotnit?ring Po\i;ltlof )
Case 2 |Method 1 20.29 (1) Case 1 (2) Case 2 nstantancous Velocity
Method 2, 3 18.83 Fig.5 Points to Monitor Instantaneous Velocity Fig.6 Points to Monitor Instantancous

on Ventilation Line

(5) Case2-Whole Domain  (6) Case2-Method 1

Velocity at Openigl

Mean Velocity Magnitude [m/s]

Mean Velocity Magnitude [m/s]

(8) Case2-Method 3 I 0
Fig.7 Contour Diagram of Mean Velocity Magnitude (y = 100)

(7) Case2-Method 2
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Analysis of Indoor Cross-Ventilation Flow using Domain Decomposition Technique by LES

(Part 2) Basic Investigation for a room in an Apartment Building
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*! Osaka University

In the previous paper, CFD analysis for a single room with two openings, using Domain Decomposition Technique
(DDT) by LES model under the condition of 4C, of almost 0 has been conducted. The result showed that DDT have a high
accuracy in predicting indoor airflow within single room. This paper used the same technique for a nLDK apartment building,
to investigate the accuracy of DDT within more complex model.

1. IZL®IZ BEEFRD, fEHTREINE 1,800 mm. 5 E 1,800 mm,

AR " TR T Va5 5L LT3 MOEyE X 5430 mm . FENTRHETAN T 384 X 182 X 384 mm D
5% LES Tl L, SEHHE O R R L T 52 BIEOREMET L THY, 3{EFN6EH DA 18 S
& TIHE R DBNKFMR O HBRE A BEELT-, A NEENIEMERE LT, ARTIZSBEDO 1 £%
WCIRATR Y LFU 3 MO EIEEZF AL, nLDK ML L, ZOROHRAAZBKI L TW DRI Z AR
MOELFEEO—RE2BE LR RIHRGH21T- ELT, ZORTT MV BT EEET HHIT 30 x

TR OWTHRET 5, 40 mm OBIAZ 2> BEA 1, BAE 2). ZoOxtmEICAA

ZRRELT20 x40 mm OO 1> (BIH3) BRiFT
2. fRATHEE W5, (EFMEIEANE 120 mm T, BEE 6.0 mm O=EET
21 ENNEIFEE (25T E : Whole Domain) N, Tra—F7a—iEmEity er 7 a5

R CTRESTRIR E LI2#YW R OEE 7 /L% Figd |2 T DMK LT 45° DA & Uiz, MEHTHEREFHA
AT, WEEETVIESHED P 28 PIV JIlE & CFD fi#dTic R OREE % Fig.2 (2777,
£V BN REKGEMR & AT L 72 B 7 /TS )T

) . " . Table 1 Calculation Conditions in CFD Anaylsis
Do WEH " LIFRARIC IR Z AR L CEE T L NAh A

. . Domain Decomposition Technique
- - — N Analysis Method Whole Domain
FR T4 5 CFD fi#t7 % LES 12KV iT-o7= (IR, & (Method 1, Method 2, Method 3)
Turbulence Model Large Eddy Simulation (Smagorinsky Model, Cs = 0.1)
CFD Code Fluent 17.0
120 Algolithm SIMPLE
Openine 3 iscretization Scheme . .
pening © for Advection Term Central Differencing
“ 2 Time Step 0.0005 [s]
\\\ Transition Term 2,000 time step (=1.0 [s])
Jo4, Main Calculation Term 22,000 time step (=11.0 [s])
/p& J a Inlet 1/4.5 Power law Based on the instantaneous
S Boundary (Smirnov's method) velocity calculated by the
—’(’)/ g O\ © 1 Condition | Outlet |Gauge Pressure :0 [Pa] procedure shown in Fig.4
pening S pening Walls Two Layer Model of Linear-Log Law
45° Y Wind
I Total Number of Cells 2,132,437 38,541
(1) Target Building Model (2) Target Room
Calculation Time About 216 [h] About 28 [h]

Fig.1 Target Building and Room Model

[T Hhret (I 1 | [ Tl PN T
HH : H - F (Velocity Profile) BT
Vel olleg Getlie o Vol
g i 2e
RRRRNRHIHI HHHIIIIIIIIIIU\}H UL Outlet ] © - Outlet
11T Reference Point of (Gauge pressure) —| & = - —
T[] Dynamie Pressure for C,
il Vi ] i
<t
0
o
2 - -
L1000 | 430 | 4000 | 1000 | 430 | 4000 ]
(1) XY Cross-Section (2) XZ Cross-Section

Fig.2 Computational Domain and Mesh Layout
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Table 1|2 CFD fi##T FiE O 2~ 9, SST ko £
FIOFE R A WS L LT LES IC X A3 EZBIA L
7o BHEEERIREINGIL 172,000 s & L, FHEBALAE D 2,000
time step (=1.0 s) & LES ~OBATHIH & U TR R Ak HE
LCEDHD 1 s ZARFHE LRI LIz, 723, LES ©
TEABE AT Fig3 (2R 7 1/45 _&EFHIOEE R BIIZ
Smirnov 5 Y OFiEEEM L CEIIRA 5 2 72, £7-.
ARG R D 4 time step C Figd (2753 B O O Ff 210
mwﬁhkwf%ﬁﬂﬁsﬁﬁ%%:&~b\&ﬁﬁ

HEE (AFR) OEBICHW, Fi-. RIFEOHE
fﬁ/\%lziac: K D ENKIRIRHTHG EE DORRREDT=, Fig.5
WRTEN 45 ST H RIBRICHRIF R 2 £ =2 — L7z,

ZESRTAD - A TR S
EHTF IR R SRS (2020, 3.9)

2.2 BFTELIETILEBW-EE2E%E (Method 1)
AR Y RIRR, AT 7L & 7o fE R 0 El ik
(Mmmn):iéémﬂﬁ®#ﬁﬁ%ﬁ%ﬁw A0

BT 5, YitEOTNES Fige ([ond, £
Flgl OFRNTHEIR TR0 DM 7 )L CRANVRIR AT 2
1TV, BADARENL & OB EE i FR L, RO OB
T 5 mm B 72 7B OBE TR HERR 7 18] O BE G 2 AR
&S L7z (STEP 1), :n%mwr%mlkﬁmz
WZOW TR B E R ATHELE T Wz L0 it EAR K

ZEML, UEV?#%%D3$T@%%®€%%D@
FHIZ A 7 b OB N BEERIARE 0=0.032) LBAD3
MHOYEH A E LI [EE A VW5 Z & T4 time step
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Velocity Ratio / Turbulent Intensity [-]

Fig.3 Velocity Ratio and Turbulent
Intensity of Approaching Flow

STEP 1 : Sealed Building Model Analysis to obtain
instantaneous value for P and P,

Fig. 4 Points to Monitor Instantaneous Velocity
at Openig for Whole Domain Analysis

STEP 2 : Calculation of Instantaneous Flow Rate of Opening
using Local Dynamic Similarity Model (LDSM)

(2) Section
Fig.5 Monitoring Points of
Instantaneous Indoor Velocity

STEP 3 : Indoor Flow Analysis using LES with
Domain Decomposition Technique

Start Start Start
‘oCalculation of Effective Opening Area of of the flow path i
® External flow field is analyzed by RANS calculation, } between Living Room and Opening 3 ( U-An, pening3 ) 1
where a building is simulated as a sealed model, and i ¢y =0.443 o H
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Fig.6 Calculation Procedure of LES using Domain Decomposition Technique with Local Dynamic Similarity Model (DDT-LDSM)
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Fig.10 Mean Velosity and Standard Deviation of Instantaneous Velosity at each Monitoring Point



