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Ventilation Effect of External Wind Turbulence for a Room with Multiple Openings
Part 4. Ventilation Rate for Double-Sided Openings of Small Wind Pressure Difference
FUJITA Takuya, KOBAYASHI Tomohiro, UMEMIYA Noriko

173



BARFHFE L L-, LES Ot ABEA L Smimov 5 ” @
FiEIC X W L8R A 5 2 72, & 212 CFD M2

GHEIR N (-95<x<95, 5<y<195, -95<2z<95) D =& i -
18 %5 2 £ 5> & PFR(LES) % 3R & 7=, PFR(LES) 1% %

ZY AR DO ERRENDENT D2 LENH D08, &
2.3 R EFEA E TR & o TUITHREH RS+ £ 72 D wTREME 2 %5

AHRTIZ RANS. LES & 12 F FITBEH Y Ak,
W TEZEIND PFR WK Bl 217 5,

q
PFR == [m’/
c [m’/s] (2)

PFR (T 6f RN THRE O AN - JEH A%
BRPRZEROWMNANET (2) KD g, IZHNLREH Y 72
VISR G N TR AT D15 & [ke/s]. C, 1Ext
LN O R E [kg/m’] T D, RANS TILiH
Yl 2 f0E LT 2R L [ D A7 A % 1.0x10° [ke/
(m’+s)] THENEIL S —RE I, BNFEHT
APEFE /D PFR(RANS) % 3R 872, LES CTITENT
1/2,000 [s] Z & ICB 4 TR JEE A AA DT 27
SR & R R (¢,=54,000 [ /s]) =& T, oxt

= 2 CFD BiTIc BT At EEH

CFD Code Ansys Fluent 15.0
Large Eddy Simulation
Turbulence Model Smagorinsky-Lilly Model (Cs=0.1) SST k- model
Algorithm SIMPLE
Discretization Scheme for . .
Advection Term Central Differencing QUICK
Time Step 0.0005 s _

Pre-Conditioning Period
Main Calculation Period
Inlet

2,000 time step (=1.0 s)
38,000 time step (=19 s)
1/5 Power law(Smirnov's method)

1/5 Power law

Z LLUF O B> i 7|2 % v T CFD fi##ir o
TEER E & FHIE AR DD /NN E R D
£ O IREIE n [1/s] Z[RET S Z & TPFR (=nV
) ERH L,

c)=2r(l—em) [-] -(3)

nV

C. () IZENMEHIRE [8 /m’], q, (TFEE [ /5],
VIZERH [m], ¢ (IAFHFEBIAE OR [s] TH D,
A CIX PFR N 2 CBA 0 vAE# 5 1 o ik %
WA TR L THEY T 5 Z & TEKDOMAHESE
4%, PER & XBI LT Z DEE~R— 2 DR &
% AFR (Air Flow Rate) [m’/s] & #7935, RANS T
B D RS T D ER T RO VA v R
JEUHRICBH N fE A 3 U T A EOEHE E LT
AFR(RANS) %Z 3R 7=, LES TIXBH O IZEEIZHEA
H3 o ELEHEO € =% — 82450 T6ed4 3o
EL (B5)., W a2s okgAR RS 0,
S OV iRs it R =5 5 O, %2 4 time step TR, £
N5 O 2 AFR(LES) & L TR LT,

Boundary Conditions| Outlet Gauge Pressure :0 [Pa]
Walls Two Layer Model of Linear-Log Law Wz
as S in | ¥ |Lou 3
Total Number of Cells 75C;S2§% 1,(?7;,3123 1,1C0‘:)S,Z§3 1,1%255375 1;1?,?;1 1,2coa7s,2559 AFR(LES) = (ZIJ [m’/s] -(4)
60 40 100
Opening 1 Opening 1 Opening 1 1
among ol Cases) || [ among ol & Canes) || || amomg all 6 Caces) 0.9 |10 s atthe height of 900 m |
=08 Y Turbulent
Opening 2 Opening 2 Opening 2 E Y
§ 07
_ 60 40 100 80 40 80 2040, 140 % 0.6 -
>
(1) Case 0 (2) Case 1 (3) Case 2 é 0.5
= 04
Opening 1 Opening 1 Opening 1 '% 0.3
(Same Position (Same Position (Same Position I -
among all 6 Cases) among all 6 Cases) among all 6 Cases) 0.2 @ Y=166mm A Y=100mm M Y=33 mm
01 A Particle Generation Point [mm]
Opening 2 Opening 2 Opening 2 0 : © X Coordinate -66 0 66
0 02 04 06 08 1 Y Coordinate | 33 | 100 | 166
100 40, 60 110 40, 50 120 40 40, Velocity Ratio / Turbulence Intensity [] _ZCoordinate | -66 0 66
(4) Case 3 (5) Case 4 (6) Case 5 3770—F70—DFH 4LES [THITHHTFHRE
B2 B AR UE ke 1678 R U A i B AR
R1EFHITHTIHAOMBEZS &K VREHRBIE
Central Position of Opening RANS LES
(X,Y,Z) [mm] Cp Value [-] AC Cp Value [-] AC
Opening 1 Opening 2 Opening 1 Opening 2 P Opening 1 Opening 2 P
Case 0 | (-20, 100, -99) | (-20, 100, 99) -0.736 -0.733 0.003 -0.903 -0.881 0.022
Case 1 | (-20, 100, -99) (0, 100, 99) -0.736 -0.710 0.026 -0.903 -0.842 0.061
Case 2 | (20, 100, -99) | (-60, 100, 99) -0.736 -0.744 -0.008 -0.903 -0.800 0.103
Case 3 | (-20, 100,-99) | (20, 100, 99) -0.736 -0.667 0.069 -0.903 -0.755 0.148
Case 4 | (-20, 100, -99) | (30, 100, 99) -0.736 -0.635 0.101 -0.903 -0.691 0.212
Case 5 | (-20, 100, -99) | (40, 100, 99) -0.736 -0.602 0.134 -0.903 -0.629 0.274

174



. EMBEREER

B 6 (Z RANS (T & % y=100 [mm] TDEPNHESE =
VB —Z oY, B T7IZLESIZ XKD EANEEEE D
IRFEIEE @ CFD fidrfE a2 (3) R L 5 lE &
2”9, WiFH & b Case 3 ~ Case 5 Tl EJEIRE
ZEMREZWVIE ERENKL Ze AN B 5305 03,
Case 0 ~ Case 2 D L 5 |2 JERE =N IER 12/ X
WERHETIZZE DR Y TidZewn, LoTInb oy
TiX, RS L7 BUERE O ZTiEZe <. B R
JED O FELFEIE RO B 1 OBy O BUEAREZE Lo
TGO ELNS E 7 5B 8 ) L& 2 5 b,

B 8I(ZLESIZLD Q, & O, DEFHIZE) A 2.0 [s]
FTRT, BEFETHRFORENT VAR TE
V. BH O EGE T = & — OB E MR IOk X Aa R
ITHEEWLE S 25, F7-. Case 2 DRAHENMELOS
L0 BTN/ SWFER L Iro 7o, RTERERZENIE
W N SO TIRELNN ERBAERE ) - B 2 5
N5z Lob, Case 2 TIHEBH AR CTORFDEIA
INSWTEDBEIR /N E L B 7T OERNTBRER
FEN Case 0 LN Case | LV EpoztE 2 BN
%, B9IZESMD LES fERIZHESHNTHKRAND
R SN2 D 2 225 DA (r0) BT

Monitoring Point of Instantaneous Velocity

rl."(z)=(%;2)) x100 [%]
Oiniy 13 Qs D 9 BEH T 2 DA B RN T 2 Bk R &
Th b, Case 0 TIEREREZEN 0 THDHT=0,
M BE 2> 5 R FE O R E A TEA LT 50% FRE & 72
Do BFMTHA 2 ORERED TR RKE WD,
JUEAREZEN R E < b L EHIZBNER 2 D Dt
AT D23 R 54525, Case 2 Tl 50%
ERVEFEOBOND OWRAHENFREE & 7o
oo ZOZENDY, BUERIZEN 0.1 [-] FRE O
INTR SR C DM B IR B 1 ERUTRE O ELAVMEIR 23 S
M EBERTTEE 2D,

X 10 |2 JEJEfR %= & PFR « AFR O AZR 2 =~1,
2B, ()R LMK E (a=0.60,U=7.40( ZEET /L
wmEOT Tu—F7r—)) Lt TRT, LES T
IR EE AR =D 0.1 LA T AFR(LES) 28 (1) Xz
WR—ET /5K L 720  0~0.1 F2JE O B FFRH =

(5)

Pollutant Concentration [PPM]

g 2 (1)Case0 (2) Case 1
- 2 3 I
Q0" 5 h L~
- Openin, e}
— pening 0 50, (4) Case 3 (5) Case 4 (6) Case 5
5LES [ZHTHHO0 z KD EERE =2 —KRLE [mm] K 6 RANS IZ&H5ERNEEDI 2 — [PPM]
__ 4.0x10" 4.0x107 4.0x107 -
mE 7 A A_A 7 N , A_*»»"*"A‘A"
£ 35x10 pas _‘__‘__,_.A-- S 3.5x10 »r’*"“'A" Lobt 3.5x10 P
< 3.0%107 it 3.0x107 s 3.0x107 X
2 s AR AN
S 25x10" N 2.5x10" o 2.5%10" &
Z A A CFD A CFD
8 2.0x10" e 2.0x10" AR 2.0x107 A
8 1.5x107 T~ 1.5%107 |4 15x107 [ A
5 10107 e “Fitting Curve by Eq.(3) 1.0%107 A Fitting Curve by Eq.(3) 10107 £ Fitting Curve by Eq.(3)
£ % (n=0.194) : F, (n=0.195) : 7 (n=0.178)
2 0.5x10 0.5x10" 0.5x10”
®0 2 4 6 8 10 12 14 16 18 20 %0 2 4 6 8 10 12 14 16 18 20 ®0 2 4 6 8 10 12 14 16 18 20
Main Calculation Time[s] Main Calculation Time[s] Main Calculation Time[s]
(1) Case 0 (AC,=0.022 [-]) (2) Case 1 (AC,=0.061 [-]) (3) Case 2 (AC, =0.103 [])
= 4.0x107 4.0x10" 4.0x10"
£ 35x10° 3.5%107 3.5x107
S 3.0x107 e e YT ——— 30x10’
= i A Ag-dh Aok
B 25x107 N 2.5x107 e 25x107 | e
g 7 P 7 2N 7 -i"("_f‘ o
g 2.0x10 T CFD 2.0x10 P cFb 2.0x10 e oD
S 1.5x107 I 1.5%x107 i < 1.5x107 PO
Pl § Fitting Curve by Eq.(3) { Fitting Curve by Eq.(3)
2 1.0x10" [ 1.0x107 1.0x10" [~ it
‘E’ . / (n=0.225) - / (n=0.257) g / Fitting Curve by Eq.(3)
2 0.5x10 0.5x10" 0.5%x10" (n=0.291)
®0 2 4 6 8 10 12 14 16 18 20 %0 2 4 6 8 10 12 14 16 18 20 ®0 2 4 6 8 10 12 14 16 18 20

Main Calculation Time[s]

(4) Case 3 (AC,=0.148 [-])

Main Calculation Time[s]

(5) Case 4 (AC,=0.212 [])

Main Calculation Time[s]

(6) Case 5 (AC,=0.274 [])

7LES [ 2ENREDHR (CFD HERRURE L1 n Ik 2iELIREER)

175



TIFELIVBRE O MK BRI 72 D T2 D IE R TEI
LMK ERECTIIRENE LK TT D2 E0R
Sz, 723, PFR(LES) I% AFR(LES) X v #F/)
SV, BN TOZER O &P OAF RV L7
9 DBERN~OFIFDIRE & B 2 Hivd,

RANS ClHEJEREEN/ NS WIEAICH O TO
BIREIN /NS W= HIZ AFR » PFR 212 (1) KO
LES &b U Chimio /NS 7R L 7p o7z, 7272 L
Z Z TIZ RANS & LES CT#& B 0 &b o Ja E R 5 2
DRI S>TWD T2, 2 FEOELTEE T VTR A
EFRHE MMM R o TWE EEZBND, Lizhio
T, AR D RANS fi#HT TIEZ & E b OFENTFEE N
TR Do E EZ DD, ZNHOERNBIX
RANS TII B RGE S & SEBI T 13553 1E L < f#nsi
Tz & LT MUERREZED U N2 5ot TlEi R &
ZHUNCEHMET A Z ENTE RN EEZBNRD,
4. F LD

JEEARE =D U2 2 BR O &2 x4 & L C CFD 12
KR EE TG L=, & OfER, FUEFREZED 0.1
FRELLT CHEkRORXNREONC /2D ST,

S5k

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) M IEAL , PR Bl AR - RO ELN & B E L AR EHE
BT 2098 5 1 i BOENIC L5 MAZIREZ DA =K 2,
LSRN - AR L AR | pp25-34, 1989.2

3) RIS HiRIE , EARTEZE - B AREOELNIC L DR (2
7 31) KOO A EFOEOROELIIC L D BAME, BA
AR R R AN EABEE (B0, pp819-820, 1993.9

4) TR BEE AR, RIAFE =, @l E A - WORREZ 3817 2 Al
B HE = OB TR T EER L ORI A AT 5 REOHRK
PRIRICBET 258 (20 3) |, B AR SRR Rin R % 713 8
%5 626 75, pp437-443,2008.4

5) ANEIIER e M STARRYT , LIM Eunsu : B0 2 A9 2 E
BRI E LR OEINIC X DMK RICBT 2078 (20 2)
LES |2 1 % Bi—Bf 1 & B 1 Dbl , H AR RS R E I
TR |, D2, pp.601-602, 2015.9

6) ftigg—F , MG, A EJE = RESMEIRAEN O EEK
5% = 0 FEAMNZ BY 3 % JF 4% -Particle Tracing (& X % Visitation
Frequency,Purging Flow Rate O ZEREFIMENT , B ARG EE LG R
SCAE |, B 534 75 ,pp41-48,2000.8

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

8) /INHRFIL , e MT- |, JEAEAT , LIM Eunsu : BB O 2 AT 5%
ARG L LI RIROELNIC K 2 HSENRICE T 20M%8 (20 1)
LES % W7z Bl — R OV i BR A O FLiie , A ARGt ST
ZEHRESE U 55 75 - BREER |, pp.397-400, 2015.6

9) A. Smirnov, et al : Random Flow Generation Technique for Large
Eddy Simulations and Particle-Dynamics Modeling, Jourmal of Fluids
Engineering, Vol.123, Issue2, pp359-371, 2001.6

- 0.006
2 0.004 Inflow " Inflow | 4 4 Inflow
éooozuﬂl.ﬁ\/ P W HM\ ﬂ Al ﬂMﬂ HA'A.M I ) Ao had
£y WA AW A W /L PR VWUV kU d Va7 WV TV VN VA A oo VSR A o e W
©C 9.002 I A YA AT I Pl PAAA AR o LA M 1 i A A AWM A DA A
3 D002 A Y Y A N U LA ki V AL U
w 0.008 Outflow “ “ Outfow | | Outflow
0 0.5 1.0 1.5 20 O 0.5 1.0 1.5 20 0 0.5 1.0 1.5 2.0
Main Calculation Time [s] Main Calculation Time [s] Main Calculation Time [s]
(1) Case 0 (AC,=0.022 [-]) (2) Case 1 (AC,=0.061 [-]) (3) Case 2 (AC,=0.103 [-])
Q) gggi | Inflow | . | ] Inflow Y ) . JInflow | 1. L
E ooz MU Dot bR w1 Ja U b A bt WL A AW L Y T
Q . 0 VUWWV"\’/ ‘JVWVVV“WW VWY WoA'Am i vy i \vay\;vw wwwuwv UARVATR AN LA AR LT VTR (I B v vy
©
n;: -0.002 MM AN A A L : !/ YL LA A M HatnfUin LA ol pafls ) VMMUM Wi I’\VM A ph 1t At A1 Ay ‘k\/ I N
8 0.00a (LIPS T ¥ T WY PV VY WV WA RV TS A e
" 0,006 |__Outflow | ' | | Outflow I I utflow AT
0 0.5 1.0 1.5 20 0 0.5 1.0 1.5 20 0 0.5 1.0 1.5 2.0
Main Calculation Time [s] Main Calculation Time [s] Main Calculation Time [s]
(4) Case 3 (AC, =0.148 [-]) (5) Case 4 (AC, =0.212 [-]) (6) Case 5 (AC,=0.274 [-])
8LES I[CL2HOMEICRAHT 2 AEDKFZEE
— 100 0.0030
= % 0.0025 -@-PFR(LES) — Orifice Equation
P — 0. —A- AFR(LES) A
2 Case 5 & %j
g 8 Cased —o £ 00020 fease0 —o— Case 5
2 4
% 70 Case 3 5 0.0015 A— | - Case
o 2
® 60 Case 1 2 0.0010 [Case 0
[hq w 5
ol A\C/ 2 0,000 %ase 3 case2 | C%e0 s
ase
g 40 Case 0 [ . Case 1 Clase 4 —— AFR(RANS)
0 0.05 0.1 0.15 0.2 0.25 0.3 0 0.05 0.1 0.15 0.2 0.25 0.3

Wind Pressure Coefficient Difference [-]

9 AEREELRAXDOE R

Wind Pressure Coefficient Difference [-]

10 REREE LKEDERKR

s 1 RBRHNISE TSR ik
% 2 RBRIHTSLRARAERE TR ZeRt il
% 3 KRBT RFERFERE TH7ER Bd%

it (T%)
it (%)

Undergraduate Student, Department of Architecture, Faculty of Eng., Osaka City University
Lecturer, Department of Urban Eng., Graduate School of Eng., Osaka City University, Dr. Eng.
Professor, Department of Urban Eng., Graduate School of Eng., Osaka City University, Dr. Eng.

176



