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Prediction of Indoor Environment for Impinging Jet Ventilation System

(Part 7) Prediction of Vertical Profiles of Temperature and Contaminant Concentration by Zonal Model
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This study aims to predict the vertical profile of temperature and contaminant in a room with impinging

jet ventilation system (IJV) by a calculation model based on the zonal model and turbulence jet theory. The

details of the calculation model are introduced, and the calculation results are compared to those of CFD

analysis. The vertical turbulent diffusion coefficient is expressed as the function of an Archimedes number

(balance between buoyancy and inertial force of supply flow). It was

shown that although some limitations

exist, the calculation model developed can predict the temperature and contaminant gradient in the room.
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Fig. 1: Concept of calculation model
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Table 1: List of equations for the calculation model
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(a) Vertical profile of radial velocity (c) CFD analytical domain (1.3 -3.2 million cells) (d) Examples of results
Fig. 2: Analytical conditions in section 1.1
Table 2: Analytical conditions
CFD code Scheme for advection | Turbulence model Near-wall treatment | Thermal conditions of wall* Radiation model™*
Ansys Fluent 19.2 QUICK SSTk-owmodel | Enhanced wall treatment Adiabatic Surface-to-surface model

Notes: The conditions with * are only used for CFD cases in section 2.
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Heated wall
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Fig. 3: Case divisions of wall-flow model

BEHE FRITFEERE T, J-1 OBEE FRIL T O Zone-R ~E.
BEMAT 5, WHEEROLE XS HFICHEZIT O,
1.3 EBAEHLLDTIL—L

FERD D O 7 — A%, FEEAR i C I B EE
FICBT HBEE R & FAEICEHE L, B TiEs
VHE—INE DT — A% Fig. 4 DX HICHEE L, BT
M5e? THZ N5 S —AiEOBEHA A2 L
C Table 1 X TRD7=,

1.4 EROEEREF

K — U TTCO-EEIN A% Table 1 XD L 9 1
fif< Z & T Zone-R DR E AT LT,

1.5 #NS2R

Table 1 IR &Y — OB A Z & T
K= NCBIAEEEZFEH L, 72720, BBH
DWW TSI A CTEITIEE S B8 L7z, &Lk
JERARE a, OFEMIT 1.7 i Tk 5,

1.6 BFEEOEERTE

1.4 HiF4E, Table 1 (/8T — M OIBYE DE &
IR AL L T — v DI YEEEZ B L
7o 7272 L LS EilAERICELIRIE B OB L BB LT,
1.7 ¥LEkiR%k

B JBYE O ELRIE R IR a, l2 DWW T, RS Y
I% Zone-R [#] ($n1EF5M]) TDa, (a.) ZIRED CFD
fRFTRE R L W RIE L. Zone-R &y — 2 & D (K
SEJ5m) TO a, (a,) FEEMEE LCEHE L, £,
RE LTz a, & TVF AT 2% L OB Z LR TR
LCkY, ezl EHNTT L% 27 2%
NHPRILT a, ZHWEGAEOHELIT> TV D,
A TY a,, 1 ZIRE DA D CFD fi#HT 45 50 5 [F &
L Table 1 ® Ar,,,,, & OB % RT D, a, XTTEEAN
BoOBKE L TET, £/, KET VT Pr, = Sc,.
TR HENE G YVE ORI E L ERGE LT,
2. CFDEMICK DFTEETILORERIL
2.1 f&# - 5EEH
HEETIVORBERIEZIT O 720, FHHRAMEZEE
FERFZE Y > CFD AT 5 00— &8 & bl L 72, A [al48
T D EDENM % Fig. 512 f#HT F1E% Table 2 1IZ” 7,
0.4 x 0.4 x 1.0 m OFHEJEN. AR Z K226 0.4 m DAL
B2 9, 16, 25, 36 Ba%iE L=, FEEIT 60 W/ A, #

Tus(-1)>To(j-1)
Wall

Fig. 4: Model of thermal plume
from heating element

Exhaust .~ " Contaminant () 4 m
g emission \z\\< rrrrr > 0.1m
= 3.0m 04m T
— / B |
- - -1 3 1.0 m
== = = ,g'@& X
e sk Heat flux: o 04m
9.0 m 34.5Wim’ s
(a) Geometrical settings of room and occupants (16 occupants)
| m
Supply
terminal

m" 1 terminal |jm 2 terminals m@m 4 terminals mm 6 terminals m

v=1.67-6.67m/s ||v~=0.83-3.33m/s ||v~0.42-1.67m/s || v=0.28-1.11m/s
| u
(b) Layout of supply terminals
Heating element (occupant)

"= EEER EEEER EEEEEDN

- - = = EEEER ':'::'

9 ‘occupants 16 occupants || 25 eceupants || 36 occupants
=== EEEER  pgpmEEm

#EE mEEanm EEEEN (pEEEEE

(c) Layout of heating element
Fig. 5: Distributions of air temperature at North-South cross section
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Fig. 6: Comparison between analytical and calculational results of temperature and contaminant concentration
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Basic strategy of impinging jet ventilation system (IJV) is to keep high air quality within the occupied zone.

Most of the studies investigate the indoor environment of IJV within simple room set-ups, whereas the studies

with complicated set-ups is limited. To investigate the applicability of IJV to a restaurant as the comparison

of mixing ventilation system (MV) in terms of thermal environment and contaminant removal effectiveness,

CFD analysis was conducted in the present study. Although 1JV has higher draught risk around floor compared

to MV, cooling performance and contaminant removal effectiveness of 1JV are superior to that of MV.
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Fig. 1: Plan view (1JV, MV)
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Table 2: Inlet and outlet boundary conditions
System | Ventilation rate Inlet Outlet
4 Velocity Turbulence Temperature Hood Dining area
k=0.0146 m’/s’
I . .
v 3840[m*h] 0.988 [m/s] £=000133s" | specy | Hoodl: 5.29 /s (762 m'/h) | 0.494 m/s
MV 2.00 [m/s](Horizontal) £=0.0400m>/s> : Hood2: 8.47 m/s (2438 m*/h) | (640 m*/h)
1.33 [m/s](Vertical) £=0.0262s"
Table 3: Boundary conditions of heat sources
Name Conditions el!;lli[seg:/?%y Surface area
Human Surface 52.27 W/m® (92 W/person) 0.9 1.76 m*/ person
simulator Mouth | [Inlet] Velocity magnitude: 0.01 m/s, Temperature: 32.0 °C - 0.05 x 0.05 =0.025 m’ / person
Light 103.87 W/m® 20 W/(floor area) x 79.79 m’ (floor) 0.9 15.0 m’
Fryer 2055.5 W/m’® (740 W) 0.3 0.45 x 0.75=0.338 m’
Top of griddle a,.: 180 W/m’K, Temperature: 250 °C 0.3 0.7 x0.6=0.42m’
Pot Top [Inlet] Velocity magnitude: 0.036 m/s, Temperature: 100 °C - 0.2 x0.2=0.04 m’/ pot
Side a.: 50 W/m’K, 1,375 W/m’* (220 W) 0.3 02x02x4=0.16m’/pot
Other walls Adiabatic 0.9 -

Notes: o, is convective component of heat taransfer coefficietnt

Foodl Light (ceilling)

Food2

Pot (x3)

Exhaust

Human (x32)

1JV duct (x12)

Table
Fig. 2: Isometic view (1JV)

Mouth (50 x 50 mm)
Inflow: 0.01 m/s, 32 °C

Surface: 52.27 W/m?*
(92 W/person when eating)

Dimensions in [mm]

Human simulator (seated)

Fig. 3: Human model
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(b) x=9000 mm cross section (left: IJV right: MV)
Fig. 4: Temperture distribution
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(b) z=1100 mm cross section (left: IJV right: MV)
Fig. 6: Distribution of contaminant consentration (Human-4)
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Capture Efficiency of Exhaust Hood Predicted by Transient Thermal Plume Model
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*1  University of Fukui

Increasing the prediction accuracy of the capture efficiency of exhaust hoods can improve the thermal environment and energy

reduction in a commercial kitchen. Therefore, in this study, the transient thermal plume model was proposed to accurately simulate

the temporal fluctuation for the distribution of the air velocity, temperature and contaminant concentration on the virtual plane above

the pot. In this paper, the capture efficiency calculated from CFD simulation using LES with the transient thermal plume model

assumed the time variation of the sine function was compared with that of RANS.
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Tablel Maximum value and characteristic length

Vi 1 Characteristic
aximum value length ()

Air velocity 1.18 m/s 0.148
Air temperature 94.1 C 0. 234
Concentration ratio 0.42 0.15
boundary FIEIDIDIEIF i 0. 08m
surfac§k
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Fig. 3 Thermal plume model (Steady CFD)
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Table2 Boundary condition

. Air Air Concentration
Distance . .
[m] velocity tempeorature ratio
[m/s] [C] (-]
A 0. 057 1. 066 90. 36 0. 3806
B 0.126 0.711 76. 85 0. 2566
C 0.170 0.474 65. 35 0.1730
D 0.204 0. 316 55. 58 0.1166
E 0.233 0.211 47. 26 0.0786
F 0.283 0.094 34.18 0. 3570

Table3 Analysis condition

CFD code scFLOW V2021. 1

Algorithm Steady State (SIMPLE)

Turbulence model Standard k—¢ model

Discretization Scheme QUICK

R [m/s]
. 2.00 -

(2) Air velocity scalar
distribution

(1) Air velocity vector
distribution

(4) Concentration

(3) Temperature
distribution

distribution
Fig.4 Steady analysis result of vertical distribution of

each physical quantity of thermal plume

Table4 Capture efficiency

Past experiment ° Past CFD ? This research

68. 2% 73.9% 75. 1%
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Fig.5 Schematic diagram of thermal plume fluctuation
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Fig.6 Thermal plume model (Transient CFD)
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Table5 Analysis condition

CFD code scFLOW V2021. 1
Solution Transient analysis
Turbulence model LES
Discretization Scheme QUICK

Time term accuracy Secondary accuracy

Time interval 0.01s

35s 36s

Fig. 10 Concentration distribution under 4cm -+ 4s

3bs 36 s

Fig.11  Concentration distribution under 16cm *+ 4s

Table6 Capture efficiency for transient CFD

Capture Maximum moving distance
Efficiency
[%0] Ocm 4cm 8cm 16cm
= 16s 87.0 86.6 84.8
gg 8s 87.4 85.5 84.8 83.2
= 4 84.9 84.7 82.9
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Basic research on aerosol diffusion prevention partition
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The coronavirus spreads mainly from droplets and aerosols in expiration air. To prevent infection, not only wearing the

mask but also room ventilation is important. Moreover, to prevent direct inhalation of the aerosol, partition walls are set up

in various places. The expiration air flows toward the partition wall and impinges afterwards. Larger droplets fall quickly to

the ground or on the desk, however, acrosols containing the virus come to diffuse, and remain suspended in the air. In this

study, the partition that decreases the diffusion of the aerosols is designed, and it reports on the effect of this device.
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Design Method of Natural Ventilation System for Mid- to High-Rise Building with Multiple Voids
(Part 3) Effect of Switching Floor and Path Opening Area on Buoyancy
Induced Natural Ventilation Rate for Mid-Rise Office Building

Offelig wI& (RBRKS) ISR A ORBRORSR)
R 2 CRIORE?) #® T (KBRA)
Kana SATO" Tomohiro KOBAYASHI" Toshio YAMANAKA™ Narae CHOI™

"'Osaka University

In recent years, the number of office buildings that introduce natural ventilation (NV) is increasing. However,
the establishment of the NV design method is not yet complete, and the establishment of a method that considers
both wind and buoyancy is required. In this study, parametric studies assuming an general building with buoyancy
induced NV system is performed using flow network model. In this paper, we focus on the switching floor of void

and the path opening area, and describe the results of calculating the natural ventilation rate.
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Unsteady Analysis of Cross-Ventilation Flow using Domain Decomposition Technique with LES
(Part5) Validation of Various Domain Decomposition Techniques for
Isolated Cubic Building Model in each Wind Direction
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"' Osaka University

This study presents CFD analysis using Domain Decomposition Technique (DDT) by LES to find out related issues. The

previous paper studied under two wind direction and suggested that the pre-conditioning term and main calculation term may

have been insufficient. This paper reconsiders calculation procedure and applies three kinds of DDT by LES to a generic

isolated building model under three conditions of wind directions, i.e. 0°, 45° and 90°, to investigate the validity of DDT

for a basic building model .

FC®HIZ

AHFFECIL LES (2 L B BAVKGRARENT T — & D3F ]
BEZRIRILAAEE L., AR O ENR i % FHEE s Tl
55 BRI EIE S EIE D A LES Tl U TR 2 el L
DA AN AT DT A ORF AT o TV D,
AR 2 TlE 2 S ORBSE DB THET L, SEA LA
RALTH - - ATREMEDVRIR S 7= %, AHCrIEIn S
25BN LR FIEEZE W L C LES (2 & A EisyElEIc
& B BNKIROIEE TN ORE K QNS ERRGEZ1T 9,

1. fRITEEE
1.1 ERSERHEHT ( £3=ETE | Whole Domain)

BEHR Y OJEIRFERIC IS & | BN EFEL LT
1Tz, BT T M3Fh 1134200 mm, BEE 2.0mm & L,
BER HOALE T o md 5 K92 13220mm OB A2
FTaR T 72, AT Figd (2R X 9 (2AMEBEE S8

JE\[a) St 2 25 W L 7=, Fig2 |Z Case | OfFHTRER L VA »
Yal AT Y hO—FlERT, FHRTPIAE L CIHMEEL-¢
T NORERZYISMEE U, FHREFFFREING 1/2000s T
FHELBAAATE D 10,000 time step % LES ~DBIEFH & LT
FERAMEE L, £ OO 20,000 time step &2 AFHE & Uik
BATE LT, WABERIE Fig3 (ORI R ESR Y 725
BN EEREHRIC Smimov & P OTFEE A L TR
L= ZE#EAE 5 % 7-, Table1 |[ZfEITSAEDO—E 2773,

Table 1 Calculation Condition (Whole Domain and Sealed Model)

Ansys Fluent 19.2

CFD Code

Large Eddy Simulation
(Smagorinsky-Lilly Model : C =0.12)

Algorithm PISO

Turbulence Model

Discretization Scheme

for Advection Term Central Differencing

0.0005 sec. (2 kHz)
10,000 time steps (5 sec.)

Time Step

Pre-conditioning Term

Smirnov’s Method

Inlet based on Experimental Value

. Boundary Condition Outlet Gauge Pressure : 0 [Pa]
Oo\ 45 O\ 900 @%14: %ﬁgﬂi L@LF% O)@E‘E %%Ej« é g,c\\ Walls ‘Werner and Wengel Wall Function
Case1:6=0° Case 2 : 6 =45° Case 3: 6=90° Top Free slip
ISl VholcDomain |  Sealed Model
Opening2 ,/Openingl =0°
Wind Wind Wind i Total Number of Cells 0=0 3,264,244 2,227,240
g / 6=45° 2,174,780 2,988,896
. Openingl |, /° A 9=90° 3,710,938 2,227,240
_"Openingl e T Opening2 20,000 G 30,000 G
LV /Opemngz LV Mian Calculation Term > (lousr;lg)steps > (lsusr;lg)steps
Fig.1 Wind direction (Whole Domain)
Velocity
Inlet ,Free Slip Outlet ) sFree Slip 16 %7 Ratip |
' -
+ | Turblent »
T 12 [T Intensity

: : ;o

S S = \

3] 3 S 081t /455 —_ f |
= %, Power Law 2
= ¥ ¢
T 04|} /

S S /

Q L

200

2000

1 !

0
0 04 08 12

!

(1) ZX Section

Fig.2 Computational Domain and Computational Grid (Whole Domain)

Velocity Ratio [-]
Turblent Intensity [-]
Fig.3 Approach Flow

(2) YZ Section
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FIAFE T O4 time step (23T, AR HHEIIZIBU
CTHHAMmEZ 8 X 81Z/HEI L, 454 53 o H1 9 i Tkt
5 ARG A B LR OB (AFR) ORIV,

12 BSKFREERHT (2 —IL FETIL Sealed Model)

LES (Z K 2 fElsk oyl 2 O T BN 217 9 B
(B BV T — 2 BfS & B L L, ATk
BEHR Y L RBRICBE D 282 — L RETF VL B2
NN 24T o T, FHRTFIEE LI E k- £T L
DFERAEVIINGAE & L, FHRBAAT D 10,000 time step %
LES DBATHIM & L CRERAIEFE L. £ D% D 30,000
time step & AFHHE & URSRABUS LTz, ZOfMOfENTS:
PRITAIEETE & AR T d U fENTSR(H S Table 1 1R,

1.3 BFIEEIETILZAL-EE EliE (Method1)

JRFTFLE TV O &8 U sy Bk IC X DR E R
fENT 24T 9 (LA, Method 1), AR TNAZ Figs (Z/~7,
AR L2 v —L REF L TORINKIRIBITIZ BT
BA 11 AL AR E A 1 D RN BE a1 7 & B oD BH 11 H AR
TENLIE DD 5.0 mm BEAL 72 (718 CREFHERR T ] O B#IRE R
2 By R ORI E A TG L7z, (STEP 1), b %
FHEIZRFTREET VEEH L, SRR CUREHEIZ X
VR s Z B U7z (STEP 2), ¥RIZi@/EE 4 B 1 EfE T
BRI Scaled Buildng Model Analysis to obtain

instantaneous value for P_and P,

Start Start
i ]

PR

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

JEAS TR - fiE TR

R E LR CE (2022, 3. 11)
B U 72 BA 1 AR 7 mBRE R & . STEP 1 CHUS L 7=
FERR T 1 O iRe R 2 Bl oy 22, SEPNARAT OB RS
\Z time step I 5 2. BNDOHLDIEEFIRIT 21T - 72
(STEP 3), ENOFHEMHIIRIGEE & —H S8 TBY
A 283165998, A =LA T k% Figé |2
Y, EOMOINTERME R OF PR PRI AREEH R & Rk
Thbd, ¥, FERINDOERFIHERIIZ —v FET
INOAFETHELNZ 155 OF —X &2V, fEdsy ik
2K DENITIZIN T, FIOD 5 s DT —Z I TAHIE
Td % SKE 725 LES ~BATT D BhERHHEICHV, F& D
10 s OF — X ZARFHFEIZH W (FigT),

14 RABRMEDAHEEE L85 EE (Method 2)

Method 1 %51t L 7= LES (2 X 25y EE L LT,
B O O EfRE 2 EE L, AR LRSS AEAT O
BERRO7 ARG HE S W T E 2 D FIRIC TR 21T 9 (LA
. Method 2), BHIT 1 &BAA 2 DiftERENL 067 & L,
BRFREIERIE & oA ) 7 ¢ AXE AW GREREZ KRR T
B U7z, WRICEEE:Z BR O RS ChR U7=BE 0 sy
MBI EGE & . v —V KRBT VTR L7-BE O i aEkz
J5 1) DRI 2 35y %, SEPNRARNT OFEHABE R time
step HEVZ -2, BNOLDIEEFIRNT 21T > 72, ZOfth
DR SR OFHR TFIEIE Method 1 & [RlkEEE L7z,

NIVSER]: Indoor Flow Analysis using LES with
Domain Decomposition Technique

@
Ee

i
+Extemal flow field is analyzed by RANS calculation,
| where a building is simulated as a sealed model, and
i the result is used as initial condition for LES !

Turbulence model is switched to LES, and preliminary

I
¢ Renewal of instantaneous internal presure, P, [Pa], by bisection method
! (Initial Value : P, = (P, +P_))/2)

¢ Calculation of dimensionless internal pressure, P * [-], defned by

———————————

i
¢ Indoor calculation domain is simulated where
opening is inlet/outlet boundary.

L _ P _P .. .
calculation is run (0.0005 [s/step] x 10,000 [step] =5.0 [s] Pt - R W which means Driving force normal to the opening Inlet boupdary Ouflet boundary
\ Disturbing force parallel to the opening /
\ /
(0.0005 [s/step] * 30,000 [step] = 15.0 [s]) vl v,
L N Correction of discharge coefficient based on P *, according to POTTY Pe) Vi,
08 Voiay Vo2 )

Sealed Inflow

0.7

Outflow

Building 0.6

Model

0.5 [ a5 :0.67

!
!
;
10 Vi Ve

(15.0 [s]).

End

to be located

:’Il\Position where -—"l L

i
i

|

.

'

i

i

i

® Main LES calculation for the sealed model is run
i

i

i

i

i

i

i

i

i

i

i

i

i

i opening is assumed | *
i

i

: Two components of velos
parallel to the wall [m/s]

® Obtain instantaneous value for P, P, v
in time series throughout the main calculation period

. - Instantaneous wind pressure [Pa];
— Static pressure on the wall is adopted

: Instantaneous tangential dynamic pressure [Pa];
assumed to be dynamic pressure of velocity
magnitude in the vicinity of a wall
given by

P,=P,-P. (P : Total pressure [Pa] )

city

pi(l)?

0.4
0.3
0.2
0.1

Sequential Calculation Procedure - ~=--————————___,
|

Discharge Coefficient,a [-]

.-

Yes
and v, '

End

« Py :2.89 for outflow
3.17 for inflow
« n :0.23 for outflow
0.22 for inflow

N

Initial condition is calculated by RANS model
of which boundary condition is obtained based

P,
s on RANS result of STEP 1 and STEP 2.

0
-4.0

i Calculation converged?

-3.0 -20 -1.0

Dimensionless internal Pressure, P * [-]

Q =sgn(P, - P, ), A 3|PR -P,
P <-Q-- » --Q P

Calculation of airflow rate balance

AQ=3Q =

0

A
i
i
|
i
i
i
i
|

.
!
|
i
i
i
1
|
i
i
i
|
i
i
i
i
i
i
i
i
i
i
i
i

¢ Instantaneous flow rate calculation for each opening
i
i
i
i
i

)
i
i
i

--* Instantaneous flow rate of each opening is obtained throughout main
! calculation period of sealed building analysis (15.0 [s]), and instantaneous
| velocty component normal to the opening, v, [m/s], is given as v =Q,/ A,
\

0 1.0 20 30 40 Turbulence model is switched to LES

Iterative Calculation Procedure _

For both inlet and outlet boundary condition,
three components of instantaneous velocity are
given as followings;

« Velocity component normal to the opening;
v, obtained from STEP 2

P\H R PWZ
.'\/\/\/\—.-\/\/\/\" * Two velocity components parallel to the opening
v ,pand v obtained from STEP 1

pi(l) Pl

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

e e e

& Main LES calculation for indoor airflow is run
1 (0.0005 [s] * 20,000 [step] =10.0 [s]).
A

End

Fig.5 Calculation Procedure of LES using Domain Decomposition Technique with Local Dynamic Similarity Model (Method1)

nlet & Outle

I

2 98 98

Il
2 88

20 88

Fig.6 Computational Domain and Computational Grid (Indoor)

Start 5 th sec. 20 th sec.
Sealed Pre-Conditionin Main Calculation [
;;o‘f;:{ . Term (5.0's) € Term (15 s)

Calculate Boudary Condition i
for DDT :

Initial Value |
(Result of SKE) |

Domain

Decomposition
Technique

Pre-Conditioning  Main Calculation
Term (5.0 s) Term (10 s)

Fig.7 Calculation Timeline
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Method 2 % H 2 fi 54k L 7= LES IZ X % ity Eilys &
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TN L Ul BAMENT O BRIERE [ §F T 2 FE 2 A )
7 4 ZAXAN BB LA S TomKEICESWTEA
TR T T JEGE D A 2 i AR R & - 2 AT 24T - 72
(BT, Method3), 7eds, Yakatf ClaitEifiiz 0.67
(ZEET D72, BEREO FiE A R & & i 7 w1
Method 2 & 524 —%T 5,

2. FMTHRERLER
21 HEREFREHRI (Method 1)

Fig.8 |2 Method 1 CRFTFREIET Mz LY FHiH Sz
WRIREE BRI 0y pgy DIRFFELZ R T, 7238, IRTFHIZBH
AZpRd, 77750, 0=0° CTIIBE 0 EBOEERR S5 A8
JFEDNE L, ey 1A 067 T—EL o7, —H 0

22T - B TR e S
AT TR R S scE (20223, 11)

(2 0=90° Tlx, G MENE & oypg, ORFEEIHLZIES
WCRE L, FEMEDS 067 L0 b/hE L poiz,

22 AFR RUZEAFHREED 2 —E
JEF SR R 0 BINELC K B RIEH R OffFTRE RO
BB AZELT 5, AFRI \éﬁﬁﬁfm%ﬁ®%%
F 3B 0O H 0 i T 5 U7 B NSRBI A T D%
%H@#%M%DﬁﬁAMik%ﬁéﬁﬁﬁm%%é
mmmmﬁﬁb\%®ﬁﬂﬁ%ﬁﬁ$ﬁbfmm%%ﬁ
L7, $72 LES T X A8/ EE TlE STEP 2 Ol &l &
ﬂ%fﬁ%hkﬁ%m&kbto
Fig9 (a) 12 0 = 0° |28 BN AL 7 — Rk =
A —[X% AFR & 279, AFRICEHL TETOTIET
B = L7z, ZAUIRSEMET opg BT 067 THo
T ENERNES AL, FEENOREED X —K LY
JAAENCHE T DN D H DD Method 1 & Method 2 73

= 45° TIIHER G MBENEN K E <720 oypg, DHEHIRFE  RIGHR SR 2 F 2 M8 Lz, RIZ Fig9 (b) (2
By L. FBFEPMEIL 067 LV bR EL Rote, B 0 =45° TOREA T, AFRIZBI LTl Method 1 254
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i T 1 1 T | | r 1
0.5 0.5
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=04 ‘ 2 0.4
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Fig.8 Instantaneous Discharge Coefficient by LDSM (Method 1)

Whole Domain Method | Method3 ___Jhuwed
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Wind . ! 3.0
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(b) 6= 45° 6.0
5.0
4.0
Wind
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P ' 120
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g g 1.0
A Z
Wind 7)/
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Fig.9 Contour Diagram of Mean Indoor Scalar Velocity
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Tre ZHAUTTEIDOIEY 0,55,<067 THY, a=067 &—
TEEIC L7223 Method 2 TOFE T D KRNI -
TeEeEZ NS, Lo LEE = 2 —[7) 513 Method 1
& Method 2 23 BIEHR & B < —H L= F1 R T
X5, Ko TREMHETIZEN YR AICE L TR
FEEET VOF NS E D L WERER I
72, Fig9 (©) 12 0=90° TORER %9, AFRIZEAL T
Method 1 23 4sEHH & B < —# L72—7J7 C Method 2 28
(EFEREE R T LTz, £ EE = % — X %t
159" % & Method 1 78 B < it H & —3 L Method 2 73
BIEFE LD LI KRICTHI Lz, ARSI
TIVEH LT FEEFINT AT 9 2 & CIFFITRER <
R & BN A B T —mGE A A TR T T,
—7J57C Method 3 (&, Fig9 |2/’ BN RE = & —
Mz d 5 &, POFFICBNTH R & K&
RApDFERE 720 | B oW A HER S0 F HE3
WNEGE R IZ -2 5 5B IIER TR E Do Tz,

23 ERRAD SRR/ NNT—RARY M LO T
JEGE DB M DV TR AT 5, AMBEA S
WZENOMRE 3 RARE L, 4540C time step 215 H AL
1B A T 5 — B 2 7 — U 25 H#a L TR 7= I D
INTD— AT F)VE Figl0 2R, TEE T35 &
BRI SAEICIT 2 G R OBIMEIZ OV T 2.2 5o
BEL TR & [RIER O 23RS S 7,

ZESARN « AR T S5
AT TR R S scE (20223, 11)

3. F&o

AT 3 DO E RIS 2 G AIEHR & AR
REM DGR TT3 5705 3 FIAD TR ENEZ X 5 =N
SR ODFHEE HAFHT 24TV FHEIS K DRGSR O RS AR
A& HR DG EAT o 7o, AT D EIA), B A 2RI
HIDRFIO, BRSO 52 5 OWEt 21T 9 FrF T 5,

[Ftir
ABIFFED—EN X ISPS BHFE: (HAREFZE (B) JP20H02311, AFER s
ISR ) OB A= T T, 2SI LT E R R

(&5 0]

1T. Kurabuchi, M. Ohba, T. Nonaka : Domain Decomposition Technique
Applied to the Evaluation of Cross-Ventilation Performance of
Opening Positions of a Building, The International Journal of
Ventilation, Vol.8, No.3, pp.207-217, 2009

2) HHvhsE , /IR LRk & @ Rl IS A IV 2 LES (2
F DRSO F AT B2 IR (2D
4), 50 3 A EEZE RGN - A T A s e R
D-21, pp.86-88,2021 -9 H

) R /IR ISR & ¢« frlgoEREZ IV V2 LES (2
L DEPBRSKSROIE WAL B D EMERIITIE (£ 1),
A 2 AR 2SN - S TR SR AT eI R
AL A13,2021 R 3 A

4)A.Smirnov, S.Shi, L.Celik : Random Flow Generation Technique for
Large Eddy Simulations and Particle-Dynamics Modeling, Journal of
Fluids Engineering, Vol.123, Issue 2, pp.359-371, 2001.6

5) R AR, I RTe & - sy A& AV vz LES 12
LD EPUE RO E WM I BT 5 AR (£
D3) AN 3 AR ZE AN « A T AN R S
4 ,D20,2021 49 H

6)T.Kurabuchi, M. Ohba, T. Nonaka : Evaluation of Cross-Ventilation
Performance of Opening Positions of a Building, The International
Journal of Ventilation, Vol.8, No.3, pp.207-217, 2009

0=0° z‘ 10 N ]-5/3 power 10° 10°
0= B f— Ty lawl g == e 107 == i
= Wit ‘%m‘ﬁ — g T,
g 10* 10+ . 10
o Kolmogorov m )
2.10° Spectrum RS 10¢ 10
75} F Method3 LY N
5 10% f——Method2 104 = 10°
% B Method1 ‘\\ "u'ﬁ-\
a 101 ’—Wh(‘)le Domain 1010 = 10! %
0.1 1 10 100 1000 0.1 1 10 100 1000 0.1 1 10 100 1000
Frequency [Hz] Frequency [Hz] Frequency [Hz]
A) (x3,2)=(-75,0,100) B) (x,»,2)=(0,0,75) (©) (xp2)=(75,0,100)
0 0 0
2 10 I _J-5/3 power 10 10
T L F {7 Taw| : —— 2 2
E 10 10 — i 102 e T
E 10* 104 : ‘5% 104 M,
= Kol — iy
g 10° Spectrum - “‘“‘w LY 10 T " 10
[95) Method3 - —
510 Method2 L 10 N, = 10
§ Method1 . Mmﬁ“\‘
100 [mm] PI ﬁ? 1010 —Who‘le Domain 101 o] 1010
z= mm] Plane
0.1 1 10 100 1000 0.1 1 10 100 1000 0.1 1 10 100 1000
Frequency [Hz] Frequency [Hz] Frequency [Hz]
(A) (x3,2)=(-75,-25,100) B) (x,,2)=(0,-75,100) (©) (xp2)=(75,0,100)
0= 00° = 10° - 10° 10°
i E102 f——+ 107 bt 102 F———
; g — AL
2 10 10 - Ry o 10
; § Kolmogorov %%L% »
i a.10°¢ Spectrum 10 m 10¢
P 2 H Method3
g[ : § 10 F—— Method2 10° 10°
5 I Method1
=100 [mm] Plane G? 1071} —— Whote Domain | 101 10°1° i
0.1 1 10 100 1000 0.1 1 10 100 1000 0.1 1 10 100 1000
Frequency [Hz] Frequency [Hz] Frequency [Hz]

(A) (x,2) = (-75,25,100)

B) (x,2)=(0,75,100) (©) (x»,2)=(75,25,100)

Fig.10 Power Spectrum of Instantaneous Velocity at each Monitoring Point



g:—.;/;\é)ﬁfu . ﬁfﬂ: ]?%ﬂ%igls
= FIIFIER RS OCE (2022.3.11)

AIRMEREEZMIL-HBFEOERBIOFEICET R
(ZD 1) NRYAY U A—BRERBIOZRNRE L=/ T v FEFFOERNRIREFTE
Control of Natural Ventilation Opening to Keep Energy
Saving and Thermal Comfort in Office Room
(Part 1) Thermal Environment of Hybrid Air Conditioning with Natural
Ventilation Opening of Built-in Peri-Counter Box Type
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Kenryu NIWA™  Tomohiro KOBAYASHI"'  Toshio YAMANAKA™ Narae CHOI' Kana SATO™

"'Osaka University

In recent years, the number of office buildings that introduce natural ventilation(NV) is being increased to save
energy.However, depending on air conditions of outsides, NV has possibility that worsens thermal comfort.
Therefore NV works only for a short period of time. In order to keep both energy saving performance and thermal
comfort, it is necessary to understand the relation between NV conditions and the indoor environment.In this paper,

the indoor environment is evaluated changing NV conditions by using CFD analysis for a general office room.
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Heat generation rate 15 [W/m?] X Floor Area [m?] = 672 [W]
— 700 [W/m?] at the PC surface
Jight 10 [W/m?] X Floor Area [m?] = 448 [W]
Flg.2 Mesh layout (Y-Z section) — 155.56 [W/m?] on the lights, 5.15 [W/m?] on the floor
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Table2 CFD analysis condition

3. ZENEESM
H ARSI Y 1 & 3 T fn B Wi (x = 1,250 mm) (235
Table3 Studied cases in parametric study

To[C]

3,200(X) 2,800(Y) 14,000(Z) mm 14 16 18 20
ANSYS Fluent 19.2 50 (0.399) O - -
Standard k-epsilon Model P
SIMPLE g 100 (0.797) @) @) O O
Z |200(1.59) | O o} 0 O
QUICK =
E |300(2.392) . @) O O
998,656 o
1,002,240 400(3.189) | - - - O
Table4 Supply air flow rate from anemostad diffuser
Outdoor Air Temperature [‘C] 14 16 18 20
Natural Ventilation Flowrate [m?/h] 50 | 100 [ 200 | 300 [ 100 | 200 [ 300 | 400 | 100 | 200 | 300 | 400 | 100 | 200 | 300 | 400
Total Supply Flowrate from Anemostat diffurser [m*/h] 420 | 360 [ 240 | 120 [ 380 | 280 | 180 | 80 | 400 | 320 | 240 | 160 | 420 | 360 | 300 | 240
Table5 Velocity on P.V. surface
Outdoor Air Temperature [‘C] 14 16 18 20
Natural Ventilation Flowrate [m*/h] 50 100 200 300 100 200 300 400 100 200 300 400 100 200 300 400
upper [m/s] 2.867 | 2.458 | 1.638 | 0.819 |2.594 | 1.912 | 1.229 | 0.546 | 2.731 |2.185 | 1.638 | 1.092 | 2.867 |2.458 | 2.048 | 1.638
bottom [m/s] 0.754 1 0.646 | 0.431 | 0.215 | 0.682 | 0.503 | 0.323 [ 0.144 | 0.718 | 0.574 | 0.431 | 0.287 | 0.754 | 0.646 [ 0.538 | 0.431

(b) Type 2
Fig4 Temperature contour
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Fig.5 Relationship between distance from pericounter and temperature diffrence between head and ankle
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Fig.7 Relationship between air exchange rate and ADPI
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Booth Type Displacement Ventilation for Prevention from Infectious Diseases in Office

(Part 3) Comparison Between Booth Type Displacement Ventilation and Traditional

Displacement Ventilation
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As the coronavirus disease 2019 (COVID-19) pandemic continues, in offices, they install partitions or wear masks.

However, this method cannot prevent aerial infection completely and may disturb supplying fresh air to the occupants. In

this research, we propose the booth-type displacement ventilation system and examine its performance. In the previous

paper, it was suggested that the booth and the thermal plume from the heat source prevented contaminants. In this paper,

we compare the performance of this system with traditional displacement ventilation system, and also we investigate the

difference of this system depending on the position of contaminants source.
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Table. 1 Experimental condition

; 3 Supply air-
Case Booth Type Supply airflow [m7/h] flow tempe-
Inner Outer | rature ['C]
Case BD-A All 10
- 80 x4 60 x2

Case BD-S [Front and side 18
Case DV-A All 15
Case DV-S |Front and side 0 220 x2 18
Case DV-NB| No booth 15
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Fig. 8 Vertical CO, concentration distribution at each measurement point (Case A ~ D)
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Displacement Ventilation with Breathing Zone Air Supply for Prevention from Infectious

Disease in Office
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in Full-scaled Experimental Chamber

O e+ (RIRRYE)

® T (CRBRRE)

R R CRBRRE:)
Wakako NAMBA*1  Toshio YAMANAKA *1
Noriaki KOBAYASHI*1

i Bk CRBRRS)

IR R CRBRORE: )

R Zxx (CRBRKRF)
Narae CHOI*1  Tomohiro KOBAYASHI*1
Nana SHIKANO*1

*1 Osaka University

As the coronavirus disease 2019 (COVID-19) pandemic continues, we propose the displacement ventilation with

breathing zone air supply and examine its performance. In displacement ventilation, supply air is provided from the

floor level. This system aims to further improve air quality of the breathing zone by changing some of the air supply

from the floor level to breathing zone. This paper presents the experimental results, which investigated the influence

of the breathing zone air supply temperature, airflow rate and air supply position on the temperature and contaminants

concentration distribution.
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Table 1 Experimental condition
Supply airflow rate  [m’/h] Supply air temperature [°C]
. Breathing zone (6;)
Floor level Breathing zone (Qj) 15 T 7 T 1

400 0 Case 6
280 120 Case 7
200 200 Case 1 Case 2 Case 3 Case 4 Case5
120 280 Case 8

0 400 Case 9
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HEPA 7 (V& —Z 8 L CITo 7o, ERIEGE U I3
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DR TR SHRIEEE 15 CICRE LT-, WK ET
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1 ~ 5 TR R SRR & RIS EZ & I 200
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2 KINDEN CORPORATION

Large openings opened which causes increase of the heat loss due to intrusion of the outdoor airflow and

corresponding leakage of the indoor air. Therefore, reducing the air-conditioning load at the entrance can be an

important issue when considering the thermal environment and energy saving of buildings. As a method of reducing

the air conditioning load in the building, there is a solution installing an air curtain at the entrance. Air curtains

block off two spaces by blowing out the airflow with a constant velocity. This paper reports the results of velocity

measurement over the outlet surface and P.V.surface, and central cross-section to obtain boundary conditon and

experimental data for CFD.
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2 KINDEN CORPORATION

Large openings of industrial or commercial buildings are often used open, which results in heat loss due to intrusion of

outdoor airflow and leakage of indoor air through the opening. To reduce air-conditioning load and to improve thermal

environment in such a building, installing an air curtain at the opening can be a beneficial technique. The airflow blew out

of the device disturbs the heat exchange by airflow through the opening.The impact of temperature difference, blowing

speed ,and installation position of air curtain on temperature distribution and invasion flow rate of outdoor air under

heating operation was investigated by full-scale experiment.
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Table 1 Set Up of Blowing Speed
Voltage | Air Flow Rate | Blowing Speed
Case
[V] [m?/h] [m/s]
2 m/s 50 478 2.28
4 m/s 65 762 3.64
6 m/s 80 1233 5.89
8 m/s 100 1706 8.14
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Fig.1 Position of Oil Heater
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Table 2 Experimental Condition of AC

Installation Position

IndoorAC, OutdoorAC,
Double-sided AC

Blowing Speed

2%, 4, 6%, 8 m/s

Notes: Cases with * was only operated when heat load is 4250 W.
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Fig.3 Temperature at Measurement Point A

without AC
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Study on Membrane Ceiling Air-Conditioning System Using Ceiling Suspended PAC
(Part 8) Examination of membranes permeation charasteristics by full-scale experiment and CFD

simulations
Owd &7 (KBkKX¥) A g2k (KRB K )
INBREAE S (KRB K ) B S L (RIRKF)
s (RERKRZ)
Shuji YODONO™  Toshio YAMANAKA™ Tomohiro KOBAYASHI"' Narae CHOI'' Shaoyu SHENG™

"'Osaka University

The ceiling cassette unit of the packaged air conditioner (PAC) may bring a high cold-draught risk to occupants. To
solve this problem, the mixing ventilation system can be improved by stretching the non-flammable membrane under the
ceiling with PAC. In this study, a full-scale experiment using a membrane experiment device was conducted because the
material of the membrane and the method of installing the membrane may affect the cooling performance and comfort of
the occupied space.In addition, this study suggests the membrane modeling method for CFD simulation such as differences

depending membrane material and installation method.
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Fig.14 Pressure Loss Model
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Development of VAV system with periodic fluctuating air movement

Evaluation of comfort and thermal environmental performance
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The purpose of this study is to evaluate the performance of the VAV diffuser unit with periodic fluctuating air movement

in terms of comfort and thermal environment. The previous studies

*1) showed that periodic fluctuating air movement was

more effective for human comfort than stationary movement of air flow. This study reports the result obtained by the actual

measurement of thermal environment and by subjective experiment conducted in the laboratory.
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Table.1 Experimental Case
Temperature | Air volume,”Rotational frequency Air conditioning
temperature

Casel 300CMH,”5.4rpm
Case2 B 300CMH,4.3rpm .

28°C 18°C
Case3 200CMH,”2.3rpm
Case4 200CMH,1.2rpm
Case5 26°C 300CMH,5.4rpm 16°C
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Table.2 Measurement Item of Thermal Environment Experiment

Measurement item

Measurement point (Vertical)
Total 12
[ Wind velocity | (FL+400, 600, 800, 1000, 1200, 1400, 1600,
1800, 2000, 2200, 2400, 2600mm)
Total 13
& | Airtemperature | (FL+200, 400, 600, 800, 1000, 1200, 1400,
1600, 1800, 2000, 2200, 2400, 2600mm)

A | Relative humidity FL+1000mm Ondotori

Measuring equipment

Multi-point anemometer

Thermocouples (T-type)

A |Globe temperature Globe thermometer

3,600

1 1,000 1,000
ﬁ—»v‘_ﬁ
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00 i
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009°¢

Y
A
4 Q

QQ

s

Fig.6 Position of Each Subject
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e (min)

i Subjective Sensation
Enter —__ | (0-30:Every 5 min / 30-60: Every 10 mm)

-5 0 5 10 15 20 25 30 40 50

66 (min)
Fig.7 Experimental Procedure (Example)
Table.3 Evaluation Item of Subjective Sensation

Evaluation items Evaluation method / point

Thermal sensation 7 stage (-3 : Cold ~ +3 : Hot)

Comfortable sensation 7 stage (-3 : Very uncomfotable ~ +3 : Very comfortable)

Humidity sensation 7 stage (-3 : Dry ~ +3 : Wet)

Airflow sensation 4 stage (0 : Not at all~ +3 : Very)

Sweating sensation 4 stage (0 : Notat all~ +3 : Very sweaty)

7 stage / Total 10

Local th 1 i
ocal fhermat sensation (Forehead/Neck/Chest/Back/Upper-arm/Forearm/Hand/Thigh/CalffFoot)

4 stage / Total 7

Local airfl t
ocalairiiow sensation (Forehead / Neck / Chest / Back / Upper-arm / Forearm / Hand)

03 15
0.25 1
_, 02 0.5
<
£
Zz015 0
3
E-]
g
0.1 0.5
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0 -15
0 20 40 60 80 100 120 140 160 180
Time [sec]

Fig.8 Wind Fluctuation in Subject-A’s Head Position (Case3)
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Table.4 The Result of Wind Velocity Measurement in Each Subject

Casel ‘ Case2 Case3 ‘ Case4 Case5
Air volume 300CMH 200CMH 300CMH
Rotational frequency 5.4rpm ‘ 43rpm | 2.3rpm ‘ 1.2rpm | 5.4rpm
Distance | Height Periodic fluctuating wind velocity [m/s]
Subject A 1000 1000 0.17 0.16 0.21 0.20 0.18
Subject B 2000 1000 0.13 0.14 0.10 0.25 0.31
Subject C 3000 1000 0.07 0.05 0.06 0.08 0.09
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Table.5 Thermal Environmental Conditions in Subject Experiments

Casel ‘ Case2 | Case3 ‘ Cased Case5
Preset air temperature 28.0°C 26.0°C
Preset air conditionig temperature 18.0°C 16.0°C
Air temperature 27.3°C 27.1°C 27.5°C 27.5°C 25.5°C
Subject A| Globe temperature 27.8°C 28.0°C 27.9°C 28.1°C 25.8°C
Humidity 45.7% 45.5% 46.6% 44.6% 45.5%
Air temperature 27.7°C 27.6°C 27.9°C 27.7°C 25.7°C
Subject B| Globe temperature 28.3°C 28.3°C 28.1°C 28.1°C 26.2°C
Humidity 43.3% 43.1% 45.0% 43.3% 43.2%
Air temperature 27.6°C 27.6°C 27.8°C 27.8°C 25.7°C
Subject C| Globe temperature 28.0°C 28.0°C 28.0°C 28.1°C 25.9°C
Humidity 45.7% 45.5% 46.6% 44.6% 45.5%
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Fig.11 Comfortable Sensation and Airflow Sensation in Casel~5
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Validation of a CFD model simulating evaporation effects of droplets generated from an
ultrasonic humidifier on indoor thermal environment using wind tunnel experiments
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Naoto OOYA*! Tomohito MATSUO*!
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Hikari SHIMADERA*!  Akira KONDO*!

*1 Osaka University

Accurate estimates of air temperature and humidity are essential for controlling indoor thermal environment. However,

conventional CFD models cannot evaluate the phase change of water in a room. This study used a CFD model incorporating

a phase change model originally developed for meteorological models. The CFD simulations were compared to wind tunnel

experiments with an ultrasonic humidifier for calibration and validation of the phase change model. The model parameters

on the evaporation rate of fine droplets were optimized for better estimates of air temperature and humidity. It was found

that the mixing ratio of fine droplets related to the accuracy of the model.

IELHIC
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EFRAAR 15 (CFD) &7 /L Cld/kOFZ L 2 B8 L 7= =N
DI EHEE D EE LV, AT Tl CFD &7 /UIZ& Sy
FCHWLNDKER, WM OME(LET V%
WAL, CFD T /VOMGEETT- T2, MEECI TR R
DR & Ol 2 VY, REEER) R0 72 DU NI D 755
HWERO/RT A N v IR EA T 572,

1. JERSEER

CFD E7 /VOHBIMEORGREZTT) Z LA HIE LT,
JERIEGER & IR 4258 LoD Table 1 (oRT 9 77— R
(ZOWCHEH R IMBER OIS EOFH], BRI
JE DR K O, JE T OIREE DRIEZIT > 70, F
BRI BSOS 4 Fig.d |2, B HIE 2R
% Table2 (233, AREBRCTHWZINBEHIFIEHR DL O
L AT 2 (505 3 (DN &L & 725> TN, Fig2
WZHEFBRD LA 7 7 M ZRT, BIRAO KR E ST X, y,
Z 7RIz 950 cm, 180 cm, 180 cm Td D, IREDMIE S
I X JFIALZ 50 cm 225 700 cm T 18 %,y Sl
w2 40 cm 8T, z HMIZ 50 cm 225 130 em £ T

OfEE L, y, z 5L 5em k& CHIE L=,

Table 1 Experiment case

Wind velocity(m/s)  Amount of humidification(g/h)

w0.5h1 05 380
w0.5h2 05 550
w0.5h3 05 740
wlhl 10 380
wih2 10 550
wih3 10 740
w2hl 20 380
w2h2 20 550
w2h3 20 740

Oaua

Fig.1 Ultrasonic humidifier
Table 2 Ultrasonic humidifier manual
Size width:290, length:190, heith:510 mm
Mode 1 2 3 4
Amount of 380 550 740 850
humidification (ml/h)
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Fig.2 Wind tunnel layout
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HOZGERHNC BT 2475 Th 5, Kessler DET /LTl
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BRI L IR E L 72 IV,

Table 3 Calculation case
Wind velocity(m/s)  Amount of humidification(g/h)

w0.5h1 0.62 3371
w0.5h3 0.50 937.2
w2hl 2.00 369.9
w2h3 1.99 753.1

INT A MY TEEITIIEG)D a D% 1 Z_X—A L L
T 067, 033D 3 7r—RAIZEHL, REKTFIZOWTHE
BRAE & Hele U7z, a=1 ORI INGR ORIERNA b7
BTN L, 0=0.67 OEHTREARD Uk 750328
LU 2 &%, 0=0.33 ORATRAER, RrEE &I
THZEEFELTND,
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Wz, HAIRERMS7- 0 OZENE Ao EE B
%,

Table 4 |Z w0.5h1 OFEIERIRDKOPEIN 2777,
PEAGTIEIRM L 125 5 O /KRS & g7 B O N
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DIHH WB.T%NEFR L TKERLE2D, NERE LT
o T=D3 0.13%, HIKHEH & 72> T2 DH 0.1% A, Hi
ROKEIRST-DNR0L% AN TV, 1T & A EDIKFER
V2721 e D, 728 BB —E L TV dl
HEA OO L Db DTH D, ZDOZ D, I
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I

Fig.3 Temperature decrease (y=90 cm)

w0. 5h1 e

Fig.4 Fine droplets mixing ratio (y=90 cm)

Table.4 Water mass balance (w0.5h1)

Inlet Outlet Conversion

(kg/s) (kgls) (%)
\apor 0.0198 0.0199 96.7%
Fine droplets 9.4E-05 1.99E-08 -99.8%
Coarse droplets 0 1.07E-15 0.0%
Surface water 0 5.00E-13 0.0%
Total 0.0199 0.0199 -3.1%

Fig5 (2457 — ADFFEAE L IEEO i 23, iR
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w0.5h1, WO0.5h3 CIHIRER T ZBKFH L TRV, K
INBERTEE CIREIR TR E < T T D, 2 w2h3 ¢
VRIREEAR R 20 N L7, 72, U R & WNE EFHA
B EPEMEDOEINES L 22 TND Z MDD, Fig,
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Fig.6 Temperature decrease (w2h3)(y=90 cm)
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Study on Ventilation Performance of Four-bed Ward with Vertical Induction Air-conditioning
Part III Effect of Outlet Airflow Conditions on Indoor Temperature and Contaminant Concentration
Distribution Based on Full-scale Experiment
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Inductive air conditioning, which has advantages such as non-reheating and transfer power saving, attracts attention

as the image of an energy-saving air conditioning system. In our previous study, the thermal and ventilation efficiency

of the vertical induction air-condition system used in the hospital ward was examined by CFD simulation. And the

simulation results show supplying the conditioned air from the diffuser's lower half with an appropriate volume or

surrounding the pollution source with the cubicle curtain could improve the ventilation efficiency by producing and

increasing the displacement ventilation. However, the system's efficacy and the improving methods have not been tested

by the experiment. Thus, in this study, a full-scale experiment of this system's hospital ward usage was carried out. The

indoor air and contaminant concentration distribution was obtained and compared to examine the effect of outlet airflow

conditions on indoor thermal and ventilation environments.

1. [ZL®IZ

AR VY I, 4 RIEERICISIT AREREES R HHZE i o
B, IREERBEMERE A CFD RIS K DT L. PRHNAT
%k%bﬂ%\ﬁﬁE\WVﬂL®WﬁﬂUﬁ~?V%
IRTA—=H L UTC, B ORI ERE 2 D H R 5
ZREt L7=, CFD fi#riciksun ., ﬁf@%@%a%&
2=y hO P LEyRETREHTZ EICLD
WS NERA LD RIREME, ROV U T —T  ORREIC L D
VYRR IR & S M ERE E O AR LT —
7. ERIFRIC L D OEBEETE AT o TR0, £
2T, AR, MRS R HZ ﬂVXTA%4%r$
AR D ERFHREITERIE LTz, ERIREE T OENIE
J&E LGRS AR ORIEIZ L 0 | B ZRHIRAE &
B0 21 —F L 3 ARZER T D, IRENBREEIERELC

KAFTHEEZA LN LTz,
2. EERIE
2. 1 ERSEERE L 555 1M HZEER

FEERIT 2021 4 8 ~ 10 H HIIARK TR KB
Va—b— L EUE LT, 4 RRE AR D FERER
ETfT-o72 (Figd), FR=IFINT 7TmX 7m, HE 2.6
mTh Y M IR HZE O => ; (KM-200E,
AR TR SARD) 4 BETHROMURICERE Lz, £
7= ERERIUE DBEZ S0mm DR Y AF L2 7 5 —MMFHE
W CHiEA T 5 = L T OREDZER % 24 FEfEIz S5
IZE 0, Y A=F72 Lo ATE S 5 RN ZEH]
ERET D, et & U5 M ZEda . B

‘h»

Curtain track J

Induction
diffuser_|

RTR 576

‘ Flg 1 Photograph of the fll scaled experiment room
_ Rectifying

. Primary air {1y fin &
rimary air nozzle Punching
> (7mm width) panel

Primary air

chamber Induction

air outlet
(30mm

| width)

245
2370

Primary
air nozzle

Rectifying
fin

v ‘—]
0000000000000 O
1T

T \AASARAAR]
Induction  SA:100%  Induction ]

air 336 air: 40% 336

Secti(or)l view Internal view

a

Fig.2 Outline of the vertical induction outlet unit
(a)Section view; (b)Outward and inner view

THRIT LTI OT, #Folitka=y hOELFES LA
Fig.2 (TRY, I—T7T N K DEBAET 27280, WRIK
SR CHAR T D T —T L e 5RiE Uiz, 788 1 —T 3,

Outward view



ZEARFTN - L TR AT 8 S
TR R R SRS (2022, 3. 11)

Fig.3 Measurement point arrangement in experiments (a)
Horizontal distribution; (b) For vertical temperature; (c¢) For
wall surface temperature; (d) For CO, concentration
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7000 Tablel Number and parameter of the experiment cases
u-~Nw LL.700 1800 2000 1800 700 - Cases  Parameter SA volume Outlet Shape of the OA SA Wall
f e 0 Pt IU-NE abbreviation (m¥h)  area cubicle curtain (°C) (°C) (°C)
s W¢ Y 1m E"l lm W12 % Casel 880noC 880 1/1 no curtain  34.97 18.19 23.72
A — 02 i L N 1 0 P S B T Case2  S880LC 880 1/1  Lshaped 33.66 18.04 23.44
ws |P6 T Pationt ‘J P5 | w13y Case3  880UC 880 1/l Ushaped 29.64 17.76 22.66
S 3 Simulator g | Cosed 05880m0C 880 12 nocurtain 2787 1797 22.43
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g 1 T S
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- : —3
= ) Pl S| Casel2 06600UC 600  3/5 Ushaped 18.83 9.85 15.03
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Fig.4 Image of the outlet unit’s outlet area adjustment and the
overview of the three kinds of outlet mode (a) Photograph of 2/3
outlet mode (b) Nozzle’s size of 3 kinds of outlet mode
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(a) Cases with U curtain

(b) Cases with L curtain

(c) Cases with no curtain surrounded

Fig.5 Indoor air temperature distribution in the hospital ward with vertical induction air-conditioning system
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(a) Cases with U curtain

(b) Cases with L curtain

(c) Cases with no curtain surrounded

Fig.6 Normalized concentration distribution in the hospital ward with vertical induction air-conditioning system
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Performance of Local Exhaust System as Prevention Measure of Infection in Consulting Room

(Part 1) Behavior of Droplet Nuclei from Human and Removal Performance of Exhaust System

by Means of CFD Analysis
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In this paper, a local exhaust system is introduced into the consulting room to explore more effective ventilation

measures to prevent infection. CFD transient analysis was used to figure out the distribution of droplets nuclei when an

infector speaks and coughs in a two-person consulting room. In addition, the boundary condition of mouth was derived

from an experiment in which the expiratory volume and flow speed of speaking in Japanese was measured.
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Fig.2 Flow Speed and Angle of One Subject

Tablel Expiratory Volume of All Subjects

Subject Measured Value Subject Measured Value
Malel Testl 6.67L/min Femalel Test1 3.23L/min
Malel Test2 7.05L/min Femalel Test2 2.84L/min
Malel Test3 6.18L/min Femalel Test3 3.13L/min

Malel Average 6.63L/min Femalel Average 3.07L/min
Male2 Testl 7.12L/min Female2 Test1 5.06L/min
Male2 Test2 7.00 L/min Female2 Test2 6.07L/min
Male2 Test3 8.07L/min Female2 Test3 6.59L/min

Male2 Average 7.39L/min Female2 Average 5.91L/min
Male3 Testl 4.72L/min Female3 Testl1 2.55L/min
Male3 Test2 5.02L/min Female3 Test2 3.02L/min
Male3 Test3 4.85L/min Female3 Test3 3.19L/min

Male3 Average 4.86L/min Female3 Average 2.92L/min

Average of All Subjects
5.21L/min
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Fig.3 Analytical Model of Consulting Room

Table2 Analysis Condition

CFD Code STREAM ver.2021
Turbulence Model Standard k-g¢ Model
Algorithm SIMPLE
Discretization Scheme QUICK
Total Number of Cells About 2.6 Million
Emissivity 0.9
Wall Fixed Temperature 20°C; Convection Heat Transfer Coefficient
3.06W/(m2k)
Floor Fixed Temperature 20°C; Convection Heat Transfer Coefficient
4.04W/(m>k)
Ceiling Fixed Temperature 20°C; Convection Heat Transfer Coefficient
0.97W/(m>k)
Indoor Initial Air 200°C]

temperature

Human Body Heat

Area Heat Source75W/person

Cough:22m/s (22.997m?/h); Speaking:5.21L/min(0.313m%/h)

Mouth Exhalation Temperature: 32°C
Table3 Case Condiction

Suppy Flow Loca Exhaust
CASE1 120.38m%*h Without Hood
CASE2 1000m3/h 500m>/h; Horizontal Position Om
CASE3 1000m3/h 500m?/h; Horizontal Position 0.3m
CASE4 1000m3/h 500m?/h; Horizontal Position 0.6m
CASES 1000m3/h Without Hood
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Table4 Number Concentrations of The Aerosol Modes
During Each Expiraory Activity

Aerosol
Diameter

Volume

0.80%0.08[um] 1.820.3[pum] 3.520.7[pm] 5.5+1[pum] Concentration

Speaking 0.236cm3 0.068cm=  0.007cm=  0.01lcm™ 6.2004E-07m3/m?
Cough 0.567cm3 0.093cm3 0.012cm  0.006cm-3 7.7927E-07m3/m?
3 = -9 = -9,
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Fig.7 GasB Concentration Distribution on Section Y=1.2m

Table.5 Hood Captured Efficiency

GasA Concentration[ 10°m3/m?] GasA Capture Efficiency*1 GasB Capture Efficiency*2
CASE1 - CASE1 -

0.80 CASE2 99.95% CASE2 11.90%
0.60 m CASEL CASE3 98.95% CASE3 17.50%

m CASE2 CASE4 74.24% CASE4 25.70%
0.40 CASE] W CASE3 CASES CASES

CASE4 *] GasA Capture Efficiency = GasA Captured by The Hood/GasA be Exhausted in Steady State Analysis
0.20 ™ CASES5S *2 GasB Capture Efficiency = Gas Captured by The Hood/GasB Generated in 10s
000 L/ €55
0 2 4 6 8 10 Time[s] AR, B HARRFSE (B) 21H01492, HEMRAUBFZE (H

Fig.8 Doctor Inhalation Concentration of GasA
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Contaminant Generation [10/m?]
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Performance of Local Exhaust System as Prevention Measure of Infection in Consulting Room

- Part 2 Estimation of Infection Risk due to Exposure to Droplet Nuclei from Infected Person in
front
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In this paper, a local exhaust system is introduced into the consultation room to explore more effective ventilation

measures in order to prevent infection. This study plans to caryy out the experiment in a full-scale model. CFD steady

state analysis was used to figure out the capture efficiency of the hood and estimate the infection risk due to exposure to

droplet nuclei from infected person in front. In addition, contribution rate of the hood is estimated using SVE 5, which is

known as one of the ventilation efficiency indices.
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THIBD SVE 5Y (Scale of Ventilation Efficiencies 5) %
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Fig. 1 Cross section of full scale experiment
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FIRNIANENS DI E L—RTSW X2 A& Lz,
MNEET MTFBR AT EORAAREZHHR L, £
7oL TRV — k R ONELIH RS : ¢ & Table 31277,
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7 — ROERA~DOFEL G ) A7 ~DOFEE It
W 57l 7 — FYER &, 7— R - 58 LR, 7 —
R R OV RE A 8T A—4 L L TR LSt
Too /NT A—H K% Table 4 |, HIZ &IZ/XT A—
A% Case A, B, C, D D 4 fEEIZ/0FA L 7=, Case AL T
TE LT\ RO TARATES L OSER/T A — & OffEt
kbfiﬁ E&%¢m5@m(%ﬁﬁw;;1moﬁm)

IZEE L, 7— RYERUE, 7 — N -5A EFERE, 77— 1
K E A Table 4 DIE Y | ’ﬁﬂﬁéﬂif_o Case B ClI#
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Table 1 Analysis Condition

CFD Code STREAM ver.2021
Analysis Volume 2.4 (x) X 3.8 (y) X 2.2 (2)
Total Number of Mesh 2,444,148
Turbulence Model Standard k- model
Algorithm SIMPLE
Discretization Scheme QUICK
Number of Cycles 3,000

Table 2 Boundary Condition

Wall Boundary no-slip
First Mesh from Wall 100 mm wide
. Ceili 0.957 W/(m’K
Wall Converctive heat crine (mz )
¢ f N Wall 3.048 W/(m’K)
ransier rate Floor 4.018 W/(m’K)
Temperature 20°C
Emissivity 091-]
k=3/2(U - Iy’
Inflow Boundary* ( )

P (Cum . kl/Z)/ L
75W X 2 person

Human Heat Generation

Contaminant Tracer gas
Diffusivity 0.00167 (CO,)
Temperature 32°C
Concentrration Nomalization
Emission by Ventilation Volume
Flow Rate 5.21 L/min
Velocity 0,299 m/s
Angle 11.9°
Mouth Size 17.04 X 17.04 mm
Initial Air Temperature 20 C
Supply Air Temperature 20°C

*k [ : Turbulence intensity
U: Mean flow velocity [m/s]

Cyu: Turbulence model constant
L : Turbulent length scale [m]

Table 3 Turbulence Condition

mouth | 0.1 | 0.09 | 0.0017 | 0313 | 1.34E-03 | 4.74E-03
120.1 | 2.01E-09 | 1.48E-12
2405 | 8.05E-09 | 1.19E-11
401.0 | 2.24E-08 | 5.50E-11
floor | 0.01 1 0.09 | 0.0 1= 0 i 08 | 1.86E-10
802.2 | 8.96E-08 | 4.40E-10
1000 | 1.39E-07 | 8.53E-10

Table 4 Details of Each Parameter

Referrence Condition 49.85 (1,000) 100 500 0
Hood Flow Rate 50, 150, 200, 250, 300 500 0
Hood-Head Distance 49.85 (1,000) 100 300, 400, 600, 700
Hood Horizontal Position 500 -300,-200,-100,100,200,300
Air Change Rate 49.9, 40. 30, 20, 12,6 100 500 0
Referrence Condition 6 (120.1) 100 500 0
Hood Flow Rate 50, 150, 200, 250, 300 500 0
Hood-Head Distance 6 (120.1) 100 300,400,600,700
Hood Horizontal Position 500 -300,-200,-100,100,200,300
Air Change Rate 49.9, 40. 30, 20, 12,6 0 500 0
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Fig. 4 Estimation of capture efficiency in Case A, B, C
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Fig.5 Distribution of tracer gas Concentration and Contribution Rate of Hood in Case B
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Fig. 6 Estimation of infection risk of doctor in Case A, B, C, D
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Fig. 7 Estimation of time for infection risk reach to 5% in Case A, B, C, D
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This paper reports on the results of thermal environment and air flow pattern measurement in the hospital room with a

general air conditioning-ventilation system. The safety for infection in hospital rooms is important for medical staff. The

aim is making clear the risks for infection in hospital rooms with general air conditioning-ventilation system. As a result, it

was shown that it was made unbiased thermal environment and air flow pattern that flows from common area to patient’s

area in hospital rooms with general air conditioning-ventilation system.
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Table.2 Hospital Rooms’ Plan
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Table.4 Overview of Exhaust Air Enhancement System
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Table.5 Measurement Overview
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Table.6 Thermal Environment Measurement Overview
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Fig.7 General 1 Bed Hospital Room’s Air Flow Pattern
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Fig.8 Tuberculosis 1 Bed Hospital Room’s Air Flow Pattern
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This paper reports on the results of the airflow and ventilation measurements in the hospital room planned to reduce the

risk of infection with a general air conditioning — ventilation system. The aim is to promote the understanding of medical

staff by visualization of indoor airflow and spreading of respiratory droplets. As a result, it was shown that the age of air is

spatially uniform and it is effectively ventilated. Furthermore, it was confirmed that wearing surgical mask helps prevent

the spreading of respiratory droplets and the suspended particles derived from cough were removed by the exhaust port.
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Table.7 ACH measurements in general hospital room
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Table.8 ACH measurements in tuberculosis hospital room
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Fig.5 Age of air measurements in general hospital




Fig.6 Airflow around the bed in the
general one-bed room

Fig.9 Airflow around the AC in the
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Fig.11 Airflow around the bed in the
tuberculosis four-bed room with closed curtains
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Fig.13 Respiratory droplets spread after the initiation of the emulated cough with wearing a surgical mask
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Validation of Radiation Model and Model Analysis of the Effect of Wall Emissivity on
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Accurate estimates of mean radiant temperature (MRT), as well as air temperature, wind velocity and relative humidity,

are essential for evaluating the thermal comfort in a room. However, the most of conventional methods to calculate MRT do

not take into account detailed radiation processes such as the distribution of surface temperature and reflection. This study

used a computational fluid dynamics (CFD) model incorporating a radiation model in order to simulate the thermal comfort

in an experimental chamber under different wall emissivity conditions. The simulation results revealed that the change in

emissivity has significant effects on the distribution of thermal comfort indices such as Predicted Mean Vote (PMV).
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Table.1 Radiated panel temperature

Ceiling radiation panel

Floor radiation panel

absorption case

22.9°C 44.8°C

reflection case 23.2°C

45.8°C
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Variable | Definition Unit
Fy; View Factor [-]
A; Area of surface i [m?]
r Distance between surface i and j [m]
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Table.3 Definition of the variable in equation (3)~(8)
Variable | Definition Unit

€ Emissivity [-]

a Absorptivity [-]

p Reflectivity [-]
Qgi Radiatve heat flux emitted from surface i [W/m?]
Qi Incident radiative heat flux to surface i W/
Oni Net incident radiative heat flux to surface [W/m?]

D Distribution factor matrix [-]
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Prediction of Convective Heat Transfer Coefficient at Each Part of Human Body Exposed to
Steady Airflow by CFD Analysis
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*1  University of Fukui *2  Setsunan University *3 Tokyo Polytechnic University

In order to clarify the convective heat transfer from each part of the human body surface when exposed to a steady air
flow, experiments were conducted using a thermal manikin (TM) with heat flux sensors and radiant heat flux sensors. Also,
CFD analysis was conducted for the convective heat transfer coefficient(CHTC) on the TM shape’s surface. The CFD

results of the CHTC for the whole body and each part of TM were compared with the experimental results and the

previous research and examined for calculation accuracy.
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Air flow Direction Forward flow
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Fig.2 TM shape and measurement point
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Table2 Surface area of each body part
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Table3 Inflow and outflow conditions

Inflow Direction Forward flow

Velocity inlet(U=1.0,2.0m/s, T=26°C)

Inflow Boundary k=0.0001?/s?, £=0.00017/s

Outflow Boundary Static pressure outlet(P=0Pa)

Table4 Analytical conditions

Analytical Code SCFLOW v2021.1
Algorithm SIMPLEC(Steady)
Meshes 32 million(Unstructured)
Turbulence Model SST k-co model
Differential Scheme
for Convection Term QuICK
Convergence 10*
Velocity: No slip
Human model Surface Temperature:
Wall Treatment 34°C(measured value)
Wall Surface temperature:
26°C(measured value)
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Back 990.01} L-Thigh 1242.9] R-Thigh 12430
F-Pelvis 1167.7] L-Leg 1187.9] R-Leg 1188.3
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(Part3) Effect of contaminant source position on transient spread of contaminant based on
CFD analysis
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Displacement ventilation (DV) is considered an energy saving air conditioning system and is especially recommended for

classrooms for providing cool clean air in the occupied zone. However, in the current pandemic situation, ventilation systems

should be assessed in terms of infection-spread prevention as well. Hence, this paper aims at investigating the contaminant

spread from a single source mimicking one infected individual scenario. Transient simulations were carried out to monitor

the diffusion pattern of one pulse emission (exhale). The diffusion direction, speed and dispersion rate were observed and

accordingly relatively safe and risky case-scenarios were highlighted among the case-study’s ventilation system design.

Introduction

Displacement ventilation (DV) is a buoyancy dependent
ventilation system which relay on heat sources inside the space
to heat the cool air supplied at low velocity from inlets located
near the floor. As air in the occupied zone gains heat it ascends
washing along the contaminants upwards and entraining cool
clean air from the supply. DV has been studied in multiple
research work which investigated and proved its capability to
reduce cross-contamination (1). One of the main space types in
which DV is implement is educational spaces i.e. classrooms and
lecture halls (2).

1.  Analysis

The case-study chosen for this investigation is a mid-size
university lecture hall (14m X 10m X Sm) of 120 student capacity,
seated as shown in Fig.2a. The DV in the case-study differs from
the typical system as inlet fans are placed on ceiling level
supplying air to the wall-long flat diffusers through cavity walls.
The diffusers are placed on the front and side walls as shown in
Fig.1. The backside is an 8 m wide operable wall which allows
expanding the room area to include the students lounge.

In order to study the effect of changing a single-contaminant-
source location, 10 seats were selected based on the longitudinal
symmetry of the hall, as highlighted in Fig.2a.. The standard k-

¢ model analysis was carried out using STREAM v.20 software
Fig.2b shows the
simplified human model used in the simulations with the

using the conditions listed in Table.1.

boundary conditions summarized in Table2.
The cases were simulated with CO, representing a passive

infectious contaminant emitted from the mouth of source
occupant. Although gases and particles possess different
properties, research has proved gases to be representative of the
diffusion pattern of small particles, < 3mm size, emitted at low
velocity (3). Thus, CO: concentration was set to 1000 assuming
the units to be quanta/m’. For all cases, steady- state analysis with
no emission were run until the temperature was stable, then,
transient analysis was carried out for 50s, 2s to simulate one
exhale then the emission was stopped to monitor contaminant
diffusion.

Y

T —
M ‘I i

|| l\

I

Fig.1 Displacement ventilation system in room

b.

Fig.2 CFD model, a. Room plan with infected individuals
highlighted, b. Occupants model
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2. Results

In this section covers two main points: 1) Inspecting the
temperature vertical distribution for DV stratification after
reaching the steady state, and 2) Assessing the inhale air quality
for the source, the uninfected occupants especially the source
surrounding ones. For all uninfected occupants average inhaled
air concentration is calculated. For contaminant source occupant,
the inhale air quality is assessed in terms of stagnant time, i.e.
how long high contaminant concentration is sustained. For
source surrounding occupants, the number of affected occupants
and effect severity by time are two factors chosen for evaluation.

To start with, the temperature vertical distribution shows
typical stratification with interface height of above 1.7 m in most
of the space volume. Fig.3 shows 2 graphs of the temperature

vertical distribution; a. whole space average with variance bars,

2SR - MR TR T S S
TR R R SRS (2022, 3. 11)

and graph b has the temperature at 4 sample rows plotted to
represent the variation in the temperature distribution in the
seating zone of the hall. Table.3 shows the temperature
distribution at 4 horizontal sections, 3 sections within the
occupied zone; at ankle level, seated and standing occupants
head level, and one above the occupied zone at 3.2 m. Three
vertical sections are presented as well in side and middle aisle,
and through the seating zone. As can be observed from Fig.3b,
the front row is affected by the front diffuser which can be the
cause of the asymmetric air flow. This observation, as mentioned
in (Part 2) can affect the contaminant distribution as well.

Regarding the contaminant diffusion assessment, the
concentration in the source breathing zone was calculated using
the average of 0.2 m cube in front of the occupant’s face. For
other occupants, a single measuring point in the center of the first
mesh next to the mouth was used to derive the concentration as
shown in Fig.4.

Table.3 Temperature horizontal and vertical contours

11m 1.7m 32m

e

01lm
i_ :

Table.1 Analysis Conditions
Analysis Software Stream v.20
Turbulence model Standard k- model
Calculations Heat, Radiation, Diffusion (COz)
Mesh count ~4M
Mesh size 0.04 m (1.1 growth rate)
Table.2 Boundary Conditions
Wall Inner wall  Heat transfer coefficient, 3.06 W/m? K
Exterior Adiabatic
Inflow Front 2850m*h  Sides 4530m’h
Outflow Fixed flow velocity 0.98 m/s
Heat 60 W/ person
CO2 Emission velocity 1 m/s
emission Concentration: 1000 quanta/m’
Mouth surface area 0.0025 m? (0.05%x0.05 m)
Duration 2s
5 5 B2
45 L 45 | [OIHOWHE
4 4
3.5 3.5
z 3 T oz 3
225 Z25
2 3 2 5
1.5 1.5
1 —a— 1
0.5 —a— 0.5
0 H=a= ! 0
220 23.0 240 220 230 240

a. (T) Average Temp. (°C) b,

(T)  Average Temp. (°C)

Fig.3 Temperature vertical distribution a. Whole space horizontal plane
average with variance b. Breathing zone average of 4 different rows

.t/.’ \ -
P e
" |
E\\. o 1‘_//'
R T
e o

b, IR

Fig.4 Contaminant measuring points, a. sample volume at source, b.
measuring point at all other occupants

Side aisle

Central aisle
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I
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Fig.5 Contaminant concentration at source breathing zone vs time
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Average contaminant concentration in inhaled air of all
uninfected occupants for the ten cases are plotted in Fig.5. It can
be observed that 4 cases reached relatively high concentrations:
ML, MC, BL, and FC. Although, the middle cases had the
highest concentrations (> 0.1 quanta/m®), case-FC sustained 0.01

quanta/m’ for 40 s. Other cases showed negligible concentrations.

Case-L, however, showed a delayed increase in concentration
that had not reached a peak until the end of the simulation time.
Table. 4 shows the inhaled contaminant concentration the
source and surrounding occupants for all ten cases vs. time. First,
regarding the stagnant time at the source, it can be noticed that
cases L, FL, and FC had slow dispersion rate as it takes around
40 s for the concentration to reach 1 quanta/m® while its takes
under 10 s in case-BC, for example. Another point worth noting
is the trend of re-peaking after steep decrease shown in cases ML
and MC which is not restricted to the source but also the
surrounding occupants. Assessing the effect on surrounding

occupants, front cases have almost all surrounding occupants

.
ZE R

TR

FRFN - A T WS
DEROCEE (2022.3.11)

I A

above 0.1 quanta/m’ in varying timing. ML and MC cases
subjected their adjacent occupant to the right to the highest
concentration of more than 10 quanta/m?. Followed by case-BL,
ML and MC are the fastest cases to affect the surrounding
occupants as the adjacent occupant reached the maximum
concentration within 5 s. BC had no concentration exceeding
0.01 quanta/m® which is unlike other back cases as both
subjected an adjacent occupant to concentration higher than 1
quanta/m’. Similar to Fig.5, the concentrations in case-L are
increasing and had not reached its peak.

Finally, to visualize the diffusion direction, horizontal and
vertical sections of sample cases are shown in Table.5 and
Table.6 respectively. The difference in diffusion pattern can be
seen in terms of speed, direction, and dispersion rate. Back cases
show fast vertical diffusion with minimal dispersion. In contrast,
in middle cases the contaminant diffused horizontally. Front
cases, on the other hand, show slow horizontal diffusion with

high dispersion rate, thus, affecting larger number of occupants.

Table.4 Contaminant concentration at the mouths of occupants surrounding the source vs. time
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Table.5 Contaminant concentration at horizontal plane, 1.7 m for the
standing source case-L and 1.1 m for the seated source cases

55 | 10s | 20 |

2SR - MR TR T S S
TR R R SRS (2022, 3. 11)

Table.6 Contaminant concentration on vertical plane through source
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3. Conclusion

It can be concluded the contaminant source occupant has
varying effect severity according to his location in the room.
Thus, it was observed that changing the source location has a
significant effect on the adjacent occupants’ air quality through
the quantity of contaminants inhaled, the delay time until the
contaminants reaches their breathing zone and the duration the
contaminants stay within its range. In addition, the analysis
results showed a clear relation between the source occupant
location and his own inhaled air quality as well. This study
supports the findings of the previous steady state simulation
published in (Part 2), however, one significant addition of the
transient results is that it highlighted the effect of buoyancy,
despite the low speed horizontal air flows, in clearing the
occupants’ breathing zone by time.
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Performance of Displacement Ventilation in a University Lecture Hall

(Part 4) Effect of Contaminant Source Position on Distribution of Contaminant Concentration

. a Field study
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In this paper, the effect of the contaminant source position on the concentration distribution in a displacement ventilated

lecture hall was investigated. The results suggest that a non-uniform airflow field is formed in the room due to the fact that

the air is supplied from three sides (north, east, and west) and exhausted from only three outlet. In order to prevent the

diffusion of pollutants at the height of the occupied zone, it is necessary to design the building so that a uniform airflow

field can be formed.
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Fig. 3 State during experiment

Fig. 4 diffuser
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Performance of displacement ventilation in a university Lecture hall

(Part5) Effect of distance between occupants on distribution of contaminant concentration and

upward airflow from occupant

OfFN HZB) (KRIRKY)
VANY NI 1IN (KR K5)
ESSA Aya ( KPRK)

e Rk (RBRK)
# T (RBRKRZE)
MEROREE S CRBRKR)

Shinnosuke ISHIKAWA™' Toshio YAMANAKA"™ Tomohiro KOBAYASHI™
Narae CHOI"' Aya ESSA™ Miharu KOMORI"'

"'Osaka University

In recent years, displacement ventilation system has received much attention in terms of infectious disease control, due
to the epidemic of COVID-19 infections. Upward airflow is a very important factor for displacement ventilation because
it determines the height of the contaminant stratification. Therefore, this paper aims at the effect of distance between
occupants on distribution of contaminant concentration and upward airflow from occupant. The results suggest the specific

distance where upward airflow from occupant interfere with each other in the occupied zone. Our results also indicate that

other conditions such as human body posture also affect the interference.
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Table. 1 Analysis condition

IR L TWR, & 2 TR Tl BRSO TS
TOMEEAT O T2, EEA MR, MEOZKEL, fax
OOFE, 5% /3T A—%—L LT CFD f#ht (¥
A1) AT T RISV THRET 5,

1. =

1.1 fEHTZER

RN 22 BT BEAE P22 Y 2 58 & L, Fig. 112”7
4.6 X 4.6 X 5.1 m OEHEK[EZEAN LT-iEREZHE

Table. 3 Parameters

Fig. 1 CFD model
a : Semi-cylinder, b : 4-Wall supply, ¢ : 1-Wall supply

a : Seated model
Fig. 2 Occupants model [mm]

Analysis Software STREAM V2021 Distance between occupants [mm] 50,100,150,200,[250]1,300,400,500,700
Turbulence model Standard k-emodel Posture of occupants [seated], standing
Calculations Radiation (VF) Type of diffuser [Semi-cylinder], Wall supply(from 4 or 1 wall)
Mesh count 2,632,680~3,422,484 Supply airflow rate [m’/h] 300,[600],900
Table. 2 Boundary condition ~ Table. 4 Area of body [m’] Table. 5 Heat transfer coefficient
: 3 ° [W/m?K] 4600 A
Contaminant| 0.25 m’/h,34 °C Head 0.1515 S W Y
Supply air 20 °C Upper body 0.97 Ceiling 0.9667 ; 009 a b : i
Wall No-slip Lower body 0.6295 Wall 3.0667 of[2300 e
Heat 60 Wx4person | | Whole body | 1.751 Floor 4.2633 g se\Ee mE ‘ﬁfﬁ o
oC § od | |
360, 200 P
58, .
360 200 e .
30" Isq Fig. 3 Plan of the room and
q ] o measurement position [mm]
7R 385, 3 = 2
| 50 i% BT

b : Standing model Fig. 4 Calculation method of

upward airflow rate
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Fig. 5 (a) Temperature, normalized contaminant, and upward airflow distribution
(comparison of distance between occupants and posture of occupants)
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Ventilation Effect of External Wind Turbulence for a Room with Multiple Openings
(Part14) Measurement of Inflow Outflow Velocity and Ventilation Rate
of a Room with Single-Sided Two Opening

Oty F2 (KRIRKE) IR R CRBRORER)
P e CRBRRS) AR B CRBROKRS)
L (KBRS % e ORBORS)

Kayuki SANO™' Tomohiro KOBAYASHI"' Toshio YAMANAKA™
Noriaki KOBAYASHI"' Narae CHOI"' Zitao JIANG"

"' Osaka University

In this study, a wind tunnel test for models with minute wind pressure difference between two openings was conducted in

order to clarify the ventilation effect caused by external wind turbulence. In this paper, the inflow outflow wind velocity

in front of the openings and ventilation rates are measured for a generic isolated building model with two openings on

single side of the windward or leeward wall, and the ventilation effects due to the differences in the distance between the

openings and the plane aspect ratio of the room are discussed.
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g e~ “/00 Table 1 Experimental condition and obtained results
& Case Position of Opening
PFR’[-] | AFR’[-]
- Aspect Ratio Side Configuration | Opening 1 | Opening 2
L S0.2 1B3 1BS 0.093 0.133
g 1 S0.4 1B2 1B6 0.130 0.140
A 2| BSs | 50.6 1B1 1B7 0.166 0.148
1 As0.1 1B4 1B6 0.097 0.136
L1 As0.2 1B4 1B7 0.113 0.129
0.2 1F3 IF5 0.139 0.273
f S0.4 1F2 1F6 0.245 0.289
2| Fss S0.6 IF1 1F7 0308 0.349
[ E— As0.1 1F4 1F6 0.137 0.270
As0.2 1F4 1F7 0.208 0.310
1 S0.2 2B3 2B5 0.155 0.137
S0.4 2B2 2B6 0.214 0.146
o | Bss S0.6 2Bl 2B7 0.232 0.151
As0.1 2B4 2B5 0.119 0.132
As0.2 2B4 2B6 0.139 0.141
12:1 I As0.3 2B4 2B7 0.166 0.145
 — S0.2 2F3 2F5 0.248 0.251
S0.4 2F2 2F6 0.342 0.276
o Fss S0.6 2F1 2F7 0.403 0.293
As0.1 2F4 2F5 0.185 0.257
As0.2 2F4 2F6 0.225 0.251
L As0.3 2F4 2F7 0.271 0.279
1 0.2 3B3 3B5 0.145 0.142
S0.4 3B2 3B6 0.209 0.146
o [Bss S0.6 3BI 3B7 0.229 0.144
As0.1 3B4 3B5 0.105 0.141
As0.2 3B4 3B6 0.141 0.143
131 | As0.3 3B4 3B7 0.165 0.131
- S0.2 3F3 3F5 0.235 0.275
S0.4 3F2 3F6 0.335 0.287
B 1531 FSs.502 o [Fss S0.6 3F1 3F7 0.417 0.322
As0.1 3F4 3F5 0.187 0.262
(3)1:3:1 As0.2 3F4 3F6 0223 0.272
Fig.5 Position of openings L As0.3 3F4 3F7 0.280 0.320




A-25
XN 4 EPr, 1:2:1 TIX 8 @i, 1:3:1 TiX 16 FEATICER
T B D HEANZER AW S L, CO, I 1:1:1 TIHEEH
g1 5L 120 T2 8, 131 Tk 4 fEpmcsR i =i
MOAEE Lz, BB O® SIEENZE1 50mm TH D,
2.3 EERfER

Fig.8 |2 CO, BRFEEISE DO—Fl % 3, SRR & =N
R ZE L TR Y, JIE LI-25 ClRgic iz
EFIELTND Z L AR Lo, REL, x4 hEk
W CTHYLR DA - PRI 272 8K & 4 7~ Purging
Flow Rate (PFR)” (= & V) §¥ilid %,

m

PFR = — [m3/s] )
2T m I THAIRRRT S 72 0 DN CO, FA R [ms]. ¢
IXENIRE [, ¢, IIPVIRE [ Th D, Table 1 12K
:Co PFR ORIERM R 2 RT, 72k, BIEMBRITLLT
PN WG 2/ T | AP QTN

PR ] A= — (3)

AerrUn (A} + 497
Z 2T Uy (FHFERGE (5.7 mis), 4, 4, 1XBH DR CTH 5,
SIFRGAE (S) Ti, BISEH O REREGETE 25 Lk
REIX0 L7250, WEM TIE—EDOH|KREN S S AL,
Lz Lotz &2 o5,

Fig9 (2 PFR' & ME/oohH D MEERE s OBIfRZ2 R4, 4
FHETMRELARDITON, PFR BEIILTWAD Z
EWGIIND, RIS (S) TIXHFREEE O JEEAR 572X
FTO TELVD, B O HREEEC X > CTROELIUC X
LSRN D EB 2 B,

F7o, BAOERER COlEETIX, FSs D J5 7 PFR' 23
REL o TS, ZAUE, BSs TIEAEERDEIC & 0 AKJE
R CHEME R KIS DNV S U D BRI, FSs Clm

4000

PFR' =

]

005 0000

1g
] Af/g‘G

oy /T J’W

-O- 1:3:1 BSs-S0.2
-2 1:3:1 BSs-S0.4
-+ 1:3:1 BSs-S0.6

W
=3
S
S
4

D

CO, Concentration [ppm]

0 5 10 15
Mesurement Time [min.]
Fig.8 CO, Concentration responce

0.5
0.4 1
3] Bsss 1 4Bss-as!
1
- 0.3
v -o- 1:1:1 BSs-S
& 02 __a—— T| -0 1:1:1 BSs-AS
_____ | 9| & L:2:1BSsS
mﬁz:ﬁ”ﬁﬁ‘:‘w’/ -A- 1:2:1 BSs-AS
' = 1:3:1 BSs-S
0 -O0- 1:3:1 BSs-AS

0.1 0.2 0.3 0.4 0.5 0.6
Dimensionless Opening Distance s’ [-]

JEST - T TR S
R E LR CE (2022, 3. 11)
HOKGEMEZET 2 HEI B O 2B E ST Y . Wi
DFLIRMER DOFEWARKEN IR LT L Z 2 HiLD,
B AL D LLi Tld, FERIFRSEAT: (AS) TIERFH L
DTSR ENH DY, 8 23F UHAO PFR' LS & AS
THRELL > TW5, ZoZ kv, FEl2BEO®
R CIERER R O R ECE OB I & <L
NWOVEIRDEE /2 XT A =4 —|ZhDb LEZ LD,

T AT NETORE T, EEBIRPIELE TH S
LI ZlE, EFETH D 1:2:1 O 1:3:1 D PFR' 73K
Lo TS, F2012:1 & 130 Tl RZELL 2o
TW5, Zbn, IR X KGR OB
AU K DMKUCKRE e Br 52 5 B2 6D,

3. AL RREIE
3.1 ERIEIE

L—H— K 77— Jitdzl (Laser Doppler Velocimeter :
LDV) # T, KM ThI TV AH=EET LORMOT
DOAEGEDRE ETT- 7=, LDV L, 2 KDL —H—
DA RN T D T 2 K- H% @i 9= 5 B o HEL L o
R 7T — 8 At L, SEEZRET 5, Figlo |2
BEMEE A7~ 3, Fig2 (SR 3408 Byl ns & B A g
AW TR F A EA L, BRI LDV 7' —
T (HAK /)~ 7 A, Smart LDV Model 8741-S) & U 7
Lo B —%akiE U CIEZTT 72, JIEIT R EZHIE
L7ZkIFR « RO BB R ST, 2002 bR HD
BREHLLED S 111 & 1:2:1 TIKRES AN 10 mm, 1:3:1
TIE 12mm BiJ7C 1 kHz T20s 7o 7=, WHIED -
D7 MERHEIEL 1 MHz & LTz,
32 EERHER

Fig11 (2, 1:1:1 BSs-S02 (Z331) 2 IERHEH% 10 s D
BERF OWAHBOH DR E B 2~ 7, 7B, L—H—D
RIRNRI- D370 < BOHZ1F DAV T RERI, A D
T =2 RO TRIEME L 0 R Z B L7 iR LD .
RENC L 0 JEUEDIEANZE(L L T Z Eand,
TE LTz 24 CRBROMEM N L B, TEAH AR ZE)
T D NRENA 7LD TOIN TN D 2 &SRR T T2,
Fig.12 |2 F4Ja0E, AR 7E, AFR (Air Flow Rate) O
EAERZ AT, 22T ERREEIEEA~OTA S M % 1E,
miAmEA L LTWD, 72 AFR I FIZRTT

0.5 .
0.4 I
/ 31 Fss-S | 4"Fss-As
L
— 03
x /'/ -+ 1:1:1 FSe-S
Gl _ -0~ 1:1:1 FSs-AS
J)/ & 1:2:1 FSs-S
01 -A- 1:2:1 FSs-AS
. & 1:3:1 FSs-S
0 -O0- 1:3:1 FSs-AS
0.1 02 03 0.4 0.5 0.6

Dimensionless Opening Distance s’ [-]

Fig.9 Relationship between s' and PFR



A-25
BH L. PFR & RBRICER T L TORLTWS, £7-,
2% PFR OfER AL L T 5,

AFR =v|-A[m3/s] )

2T, vIFBA AR MR TH D, FEIEGEORE R
TIE.BSs TIX 0~ -03m/s, FSs TiX 0.7 ~ 13mks & 725
TW5, FAHOTERIEN 0 & 72D &E 2 LD EFR
M (S) TH—EDFHIREEEAG Hiv, ZiuIAKR S
(X O CRIE T = R A ASRIE TIEBE DR O s
THIE L2 Z EICERT 5 L EZ X bivd, Figl3 lIrd
A LEE ) SRR TE D K D12, BSs TIEBI OB
H U 7= i s HE ok d i@ 95— 77, FSs CIdBa N
DB, BUEICRERIZI > CIRAVE R ZIZE AL
W L7V, Z O 7= OIENE O BB 1 i oo EGE

LITHRRD EF A, KV EEIZRBRENTIL LES 12 X 5%
W EZhEEZ HD,

FEYERAZDFER TIX, S B L OYAS Ol 5 CThA A iR
BEAKE 2 DI E PR AN K E S R DEAAH D |
WREN 72 TN RN R E L D EB 2 IS,

AFR' OFERTIE, AFR' 28 PFR' L D /NS WERERZL L
Roid, ARSI ELBE LK &% ~7 PFR
F U AFR OFNREL 2D, ZOFERE LTERL
T2 RE OB X A RIERE ORENZT bivs,

TR - M TR
AT R SR CEE (2022, 3. 11)

HhHYIc
AR CIIRDELAUC X DTN RO 2 By & L,
FRI2BAAEZHTHT AT MDD 3 ODRET
B RIGEE LT, P ARG M O & 4 T L 7o
[ZOWTHIE L-, RETlE, Sl X oK EDRE

TRV THR 5.
(3571

AWFFED —ERIE ISPS Bt Er (FAAZATIE (B) JP20H02311, AFFE

REE IR ) OB AT T2, Z2ISRELTHEE R T,

(&% k)

1) F. Haghighat, J. Rao, and P. Fazio:The Influence of Turbulent
Wind on Air Change Rates - A Modeling Approach, Building
and Environment, Vol.26, No2, pp.95-109, 1991

2) F. Haghighat, H. Brohus, and J. Rao:Modelling air infiltration
due to wind fluctuations - a review, Building and Environment,
Vol.35, pp.377-385, 2000

3) MR L, R Bl AR < JRODELAL & B LR
FHE BT A5 55 1 ) RO LA HSSIR L Z DA
H=R I ZESHRAN - i TP i U | pp.25-34, 1989.2

4) T. Yamanaka, H. Kotani, K. Iwamoto, and M. Kato:Natural,
Wind- Forced Ventilation caused by Turbulence in a Room
with a Single Opening, International Journal of Ventilation,
Vol. 5, No.1, pp.179- 187, 2006.6

5) HPELE IR, REEE= , @G EA  BURRHC TS
A BHEEOHKE PR AR Lo AA 320
FEOWK MEIRICBIT 298 (20 3), HAREGL S REE R
A SCER 5 73 B B 626 15, pp.437-443,2008.4

6) D. Etheridge, M. Sandberg : BUILDING VENTILATION -
Theory and Measurement, John Wiley & Sons Ltd, 1996

‘M\ \‘\ ‘\ L ‘H\

_Reflector Model e 3
ode .
52l T
Y T A TR

N~

N

50

Velocity [m/s]
(=)

R

e Measurement Point

10 0r 12 2 T
LDV Probe — [ Outflow[Be]
0 2

Measurement Time [s]
Fig.11 Time fluctuation of inflow/outflow velocity

6 8 10

(1)1:1:1 BSs-S0.4 (2)1:1:1 FSs-S0.4

Fig.10 Schematic of LDV

Fig.13 Visualization

Standard Deviation[m/s] Mean Velocity [m/s]

B~ T e L e

—_— e e e e e |

R T T e B e e e e e R ]

04
% H AFR’ ® PFR’
B
830'3 |
<02 ; |
2 1|
= 0.1 I
< i H NN ER
0 o o N et — & o — & en! — & o — & e
a4t Y o S % v o oY ¥ Y o o Soa T v S o o T v o o S oa < v oS o o
S S S U AN S oS B NS S S AU DS S s R NS S S AU NS S s BN
22 2 <5222 <GS G D LR B < QD DD T n <DL
L S - S T T N N B N S B S R < S - T - T - TN - S - T - T R B S S~ S S S S - T~ -~ B B )
A D A N D N A A N NTA D A A A DA A A A A AITA A A A A A A A A A A A
m M M M MR AR KN K B M MMM MMM MR A R R R ERTM MMM M oM R R R R I
| | |
|

B T T TR B RV

(3)AFR'/ PFR'
Fig.12 Measurement results of LDV



ZEARFTN - L TR AT 8 S
TR R R SRS (2022, 3. 11)

A-26
BHFEAZEIHIEZEZNRE LEERADENICK SIS RICET SR
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Ventilation Effect of External Wind Turbulence for a Room with Multiple Openings
(Part15) Measurement of flow rate and its affecting factors for a room
with single- and double-sided two openings

FERB O F#(KBRKRTE) 1ERB /MK K (RIORS:)
Pfi7zn— i B (CKRBR=:)  FERE MR CREORS:)
E2B B TV (RBRRE) FAERE B FZ (KRBRREE)

Zitao JIANG" Tomohiro KOBAYASHI" Toshio YAMANAKA™
Noriaki KOBAYASHI"' Narae CHOI"' Kayuki SANO™
" Osaka University

The current work intends to investigate the factors that influence the ventilation rates by focusing on the cases that had minor
wind pressure coefficient difference. This paper presents experimental study of single and double-sided ventilation through
two openings of a reduced scale building with three different aspect ratios in boundary-layer wind tunnel. Mean wind pressure

differemce and surrounding wind velocity were measured, and a simplified ventilation rate prediction method was proposed.

[ZL&IZ
2 BN ZAT 5 EORVHKEREITIT AT
ORDBHNBNA,
0=(ad),, V\[AC, oW
Z T, (0d) 5 BB A EFEOBESIFESE, V2 EEFREL
DI [m/s], AC,: UEFREGE [ TH D, ZOXTIE
JEUFFRERED e\ MEEIBR D TN 0 &7 B3, FEBRIC
[FRDFAVTHE DAL D, FLAUC L DMK E L CH—B
A2 W-T-AFREZ N E TITH AL, TDOA =K AT
FENZELROITAENMEZ K D ARENEIS: & B 1 CoFLIRLRIC

% Chu 57, Daish & 12K AW S R 5525, BUE
FREGEN N AIC B L I RIHZE 2, AFZET
V3BA F D R EAREGE DR B Y N e Bz 3 T
PEROIR OIS < THE TRV S A Pl
LA2WEICEH L, S X D& e 55845 2
LN TE DR EOMS TITFHEOIREZ B E 5, K
HCIEL A ORI 2 BN 40 (Single-sided , Ss) 1212 T,
Sl 2 BT (Double-sided , Ds) OOHAEE ¢, 5 6H C RV SE5R &4 52
ML, BEEERETZERNOBMEIT, @5 THRE
T2, Xl 2 B CORMIOB A& % Figd (-7,
FERENT: & BT DINEDRER A Tabled (777,

L AEREBSGD 2FELE SHLTWA D, i 2 Bz T
L Table.1

Experimental Conditon and Obtained Results

Case Position of Opening Cp e PER!

:‘5: Aspect Ratio] Case ID |Openingl|Opening2|Openingl|Opening2 P Gace
e ] Ds-S-Front 1R1 111 -0.904 -0.908 0.053 0.520 0.289
11D S-back Ds-S-Middle 1R2 113 0.675 0.659 0.017 0.492 0.328
1 D Ds-S-Back IR3 1L5 0.392 0.410 0.003 0.370 0.222
1:1 Ds-As-Front0.3| _ 1R2 1L1 0.675 0.908 0.222 0.481 0.344
g . Ds-As-Front0.2| 1R2 1.2 0.675 0.847 0.133 0.482 0.354
o Ds-As-Back0.2 | 1R2 1L4 0.675 0.449 0.195 0.433 0.299
Ds-As-Back0.3 | 1R2 1L5 0.675 -0.410 0.261 0.434 0.292
Ds-S-Front 2R1 2L1 0.612 0.652 0.040 0.536 0.300
12D As-fon0.3 I Ds-S-Middle 2R2 214 0238 0246 0.007 0.366 0.265
i Ds-S-Back 2R3 217 0.135 -0.103 0.032 0.176 0.135
§ Ds-As-Front0.3|  2R2 2L1 0238 20.652 0.476 0.457 0.396
1-2 Ds 12 Ds-As-Front0.2|  2R2 212 0.238 -0.481 0.295 0.477 0.352
Ds-As-Front0.1| 2R2 213 0.238 0.316 0.095 0.428 0.306
g Ds-As-Back0.1| _ 2R2 215 0238 | 0177 | 0071 | 0323 | 0270
M | Ds-As-Back0.2 | 2R2 2L6 0.238 0.127 0.075 0.307 0.237
3 Ds-As-Back0.3 | 2R2 217 0238 20.103 0.090 0.280 0.212
| Ds-S-Front 3RI1 3L1 0.529 0.493 0.061 0.529 0.280
Ds-S-Middle 3R2 314 0.112 0.112 0.001 0.212 0.173
- Ds-S-Back 3R3 3L7 ~0.080 0.094 0.008 0.112 0.107
- Ds-As-Front0.3|  3R2 3L1 0.112 0.493 0.407 0.407 0.346
1-3Ds-Asbacko3 § 1:3 Ds-As-Front0.2| 3R2 312 0112 0.268 0.316 0.316 0.262
Ds-As-Front0.1 | _ 3R2 3L3 0112 20.183 0.252 0.252 0.199
Ds-As-Back0.1|  3R2 3L5 0.112 -0.089 0.173 0.173 0.157
L Ds-As-Back0.2 | 3R2 3L6 0112 0.089 0.164 0.164 0.153
Ds-As-Back0.3 | 3R2 3L7 0.112 -0.094 0.154 0.154 0.146

Fig.1 Position of Openings



A-26

1. RURISEERIE

JEGRSEERE, AR Y & R BRI ZE I EGR CR
1000 mm 155 S C 10 m/s [ZERTE L7-BEE T CiTo7-, BN
DTN /L RET /L E AW CRERREL & @ mad &
HIEL, BREZAT5E7 L THIKEDRIEEZITT-,

2. RUERECAIE
2.1 B

=V RETAEHNWT, BROFHRIERE (C,).
B MAREALE I OBRERVEARECE (4C,) ZIE L7z, Fig2
(2 C, DRE S AT, SPAREARER ORI 5 TRER 4 E
DO F 50 mm & S (B HLE S 248E ) T 10 mm fH
fRCHT AT METENEIEE 28/48/68 k& L, —
FNZt LTI ZAT o7, A RO R I
(Validyne £t ]DP45) % A\ VT 100 Hz C 30 s BHIE & 772
FEAREL U, AC 1 FAAERHI &LV 1000 Hz T 60 s [Hl)
i LTe, BUERRER O EAER 38 (R E 100 mm) 7

JERARN - R TR S i

SRR R (2022, 3. 11)
Tu—FTo—gEEL L, BIRNEEEREXRER Y (OR
T MENIETOREE LT,

2.2 SEERAE

Fig3 (ZJ T 2 BT (BSs) OBHRHRTAREEDIFHEI A S 4
Y, BRIV TRIEREGEOE# N R 6D, Fiz,
BSs ORIE S OB BN TR AR T D 2 & b 7EF
DIEANEE L TRV | BEREGEORTFIEEIZ 0 TH
203 O T 2 KO M & B AV D Ak
Bk TN s Z EnNTllsng, £, BOREE
BERREWNEE, BUEEREGEO LB X < 7o D23
HILD,

Figd |23 —/V RET NAVOREIZIIT 5 P REARE %
AT, EVECRE IR AR DR S A, AN ) &
LTT AR MDYV NS WG CIHAE OB ED S TR E
<7p Y A FE OB BT T/ NS 2o TD 2 LR T
x5,

@10mm @10mm @10mm
e R EREREEE R iSRS Esnaniananr R RN RREEREREERERAERERNNREEENE
@ Wind Pressure
@ Nearby Velocity
7'51nm[ 7.51’1’111’1[ S S A S R O 7.5mm[ N
NS S S S S [ N A R [
@10mm @10mm
@10mm @10mm
T T
TSmmpt Tt Tttt gyt Lt Lt bbb i BRI I S I I I I N R * M
® Wind Pressure ® Wind Pressure
® Nearby Velocity ® Nearby Velocity ® Nearby Velocity
Fig.2 Measurement Points of Wind Pressure and Wind Velocity
5°=0.2
1 1 3 1 =
R ] . i
— = o o
B O o Q 0 O 0
Ll < < <
-0.5 T -0.5 T T -0.5 T T T
ACp=0.005 6, =0.051 ACp=0.0125,.,=0.081 ACp=0.0196,,=0.113
0 ] 0 ] | 0 ] |
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
1 1 5 1 3
05 e 05 1 05 [l ‘ll ‘ d | | L _j
@\l = a a
i © 0 Q 0 [STN(]
bl < < <
-0.5 t -0.5 T T T -0.5 I T T ]
ACp=0.0106,.,=0.085 ACp=0.013 6, =0.131 ACp+0.0126 5, =01164
-1 -1 -1
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
1 1 1 -
0.5 | 0.5 i} 0.5 ki \‘ 1 | | “\‘ | -
C.r? (3' 0 (3' 0 Lc)h 0
bl < < <
05 T — ‘ i -0.5 — T -0.5 T |v T T T T
ACp=0.017 0, =0.119 ACp=0.000 6, =0.181 ‘ ACp=0.023c, =0.213
0 ] 1 ] | 0 ] |
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
Measurement timef[s] Measurement timef[s] Measurement timef[s]

Fig.3 BSs2 AC; Fluctuations



A-26
3. BYhEEERLERIE
3.1 SRR
PRI 2 R F T EROFREO TG 2 B & L
T, TRBREGER (RAD /)~ v 7 A 0251R-T5) %
Wb RET VORERTEOBGENE 21T -7, Fig2
VG s 2 d s, JIEAUEBE O O E ORI 2R E
T, FRES50 mm & X C, BE)D 7.5mm B ALEIZER
EL., XIPEEBE L CUEEIT 7=, HIERRRIZEEOR
D 1/10 & L 799 AU\ T 1kHz T60s HlIlE Lz, 723,
Ta—7NITA Y —DIEE IR D K D ke L ChREmR
(ot L CHERT IO B2 E Lz,

3.2 EEER

Figd |5 EGE & GLTRE 2R g, B 5 7 A7 K
FroD A G & ELTRREE O LB L, B R
K EB LT ORRERT/hE <, EL(JIL%W TSR CE <
705, JE T HEOEGE & FLREI LT —ETH 5, Mo
@ﬁuhﬁ%ﬁ%ﬁ@%@fmﬁﬁ%%%<\Tﬁ%mﬁ

TR - A TR AT E R
TR R R SRS (2022, 3. 11)

Mo TR L, ZOH%e LA DHasAon s,

4, m_LE/EIIIE

AR CHIE L7 a2 BAR OSIHIINZ., @t
DRNEIZBA R Z 1 > T >F 3 2 %1 2 B A (Ds) %5 &
LT EEZITY, T AT Rb& 1:1:1,1:2:1,1:3:1
& Uiz SFEOZEET VoOMIEZ, B mZxt L CB 2%t
4 (Symmetry : S) & OFEXIFR (Asymmetry : AS) & 725 &L 5
B OB 2 28 b S ClEE L G 25 S A2 lER SR & LTz,
TR R ONERE I IATR O Tabled FIRT, FEBAT
JRITATR & R T 5,

5. R FARDIRE

EﬁL%%T%%MKM?&HRmm@%%%%%
DAY 7 4 AU L DFERER (a = 0.65 THEBH A EfEE
BFIES ) & & bR, AC, 23 0.1 BLED ST, %
WA LS TN & R — B LT 528, AC, 7801 & F
[BIDRIETIE, RO RITAREGE TE 2 5 L B BRE)

Mean Wind Pressure Coefficient Wind Velocity Turbulent Intensity
Wind Wind Wind
- -

Y Coordinate [mm]

Y Coordinate [mm]

-

Y Coordinate [mm]

Y Coordinate [mm]

X Coordinate [mm]

Y Coordinate [mm]

X Coordinate [mm]

Y Coordinate [mm]

X Coordinate [mm]
50 0 -50

72}
Q
72}
<
o
|72}
[a)

X Coordinate [mm]

Fig.4 Mean Wind Pressure Coefficient, Nearby Velocity and Turbulent Intensity
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Fig.5 Orifice Equation and PFR', ..c.ea

Fig.6 Orifice Equation Prediction Error
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