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The purpose of this research is to propose a simplified prediction method of the flow rate for a room with minute wind
pressure coefficient difference mainly by using LES. Firstly, wind tunnel test was carried out to get true value for accuracy
validation of CFD and to grasp the tend of flow rate caused by airflow turbulence by parametric study. Secondly, appropriate
analysis method was selected by accuracy validation of CFD, and flow rate of different opening arrangement cases were
evaluated by Air Flow Rate (AFR) based on wind speed and Purging Flow Rate (PFR) based on indoor concentration. And
finally, simplified prediction formula was proposed based on the mixing and pulsation which are the mechanisms of flow rate
caused by airflow turbulence.
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x4 CFDBITEHEFIURHEE
. Central Position of Opening [mm] Va2 [m/s] AFR AFR (Qp,.) [m¥/s]
DG G Opening | Opening 2 ACip[H] || @l Opening 1| Opening 2 PER [m5] | (Qcyo)[m?¥s]| Daish etal. | Present paper
DS 0-0 L=100 R=100 0.000 | 0317 1.627 1.653 0.001848 | 0.001868 0.001389 0.001737
DS 0-1 L=80 R=80 0.000 | 0.314 1.661 1.680 0.001597 | 0.001663 0.001381 0.001733
L DS 0-2 L=60 R=60 0.000 | 0.299 1.599 1.579 0.001339 | 0.001482 0.001348 0.001686
- DS 0-3 L=120 R=120 0.000 | 0.338 1.491 1.518 0.001993 | 0.002050 0.001433 0.001766
’ E)S:| DS 0-4 L=140 R=140 0.000 | 0.360 1.241 1.255 0.002175 | 0.002251 0.001479 0.001781
Wind DS1 L=80 R=100 0.031 | 0.342 1.661 1.653 0.001620 | 0.001862 0.001688 0.001825
— DS2 L=80 R=40 0.107 | 0.311 1.661 1.385 0.001430 | 0.001589 0.002136 0.001804
R DS 3 L=80 R=120 0.116 | 0.401 1.661 1.518 0.001833 | 0.002077 0.002305 0.002010
DS 4 L=80 R=130 0.181 | 0.401 1.661 1.409 0.002000 | 0.002244 0.002634 0.002052
DS5 L=80 R=140 0.247 | 0.428 1.661 1.255 0.002320 | 0.002493 0.002953 0.002139
L2 SS-L1 L1=100 L2=55 0.033 | 0.339 1.627 1.575 0.001278 | 0.001664 0.001697 0.001812
— LI SS-L 2 L1=100 L2=50 0.053 | 0.350 1.627 1.532 0.001217 | 0.001596 0.001854 0.001850
- SS-L3 L1=100 L2=45 0.070 | 0.350 1.627 1.477 0.001263 | 0.001657 0.001966 0.001861
’ SS-L SS-L 4 L1=100 L2=40 0.087 | 0.335 1.627 1.437 0.001285 | 0.001649 0.002051 0.001840
Wind SS-L5 L1=100 L2=35 0.107 | 0.335 1.627 1.444 0.001285 | 0.001694 0.002166 0.001857
SS-L6 L1=100 L2=30 0.124 | 0.323 1.627 1.615 0.001293 | 0.001675 0.002246 0.001857
QI |[SS-F1 F1=40 F2=40 0.000 | 0.134 2.236 2.213 0.001666 | 0.001437 0.000904 0.001294
’ I SS-F SS-F 2 F1=30 F2=30 0.000 | 0.093 2.005 1.993 0.001559 | 0.001349 0.000750 0.001095
Wind =L | SS-F 3 F1=50 F2=50 0.000 | 0.158 2.517 2.485 0.001658 | 0.001505 0.000981 0.001416
_lJE SS-B 1 B1=40 B2=40 0.000 | 0.129 1.517 1.520 0.001171 0.001000 0.000884 0.001173
’ SS-B | SS-B2 B1=30 B2=30 0.000 | 0.086 1.455 1.458 0.001103 | 0.000940 0.000725 0.000991
Wind I-‘E SS-B 3 B1=50 B2=150 0.000 | 0.161 1.573 1.579 0.001179 | 0.001080 0.000990 0.001296




- -
— —

KT EBERNRT A=V EDLEEZLND,
TSS-F & SS-B DO RICHER T2 & AC, 23 0 Ok
BGIZBET 5 L Bb D o, bRRERSGMER LT
. E7eD AFR OERFHN TV S, RBlROFEALZ X
HHRA N = AL EEZ DL B OEART TORLTE
BUZ L DIREMEIR DN R TR H D, BAITED
H—B DR Z B0 Mool & ¥ LM TafsE ¥ Tik,
KEIVEBH A ERE & O RUEIZ R EIT D 2 & AR
SN TWDHD, SS-F O G Tl B O Kt 23 i 249
ZHE, SS-B SfF IR HBAVKEUE CHEME R K &
AT 2 %I DS E S TR Y, SEE R &
SLIRFFEN 7 2 2 IR T 2R A YRR OFE W 23
REOEROENIC R D RRERH D, ZDZ LN
PR E TN 7= > TIINREIAL 5y & IR A RSy O O
WA MAAT Z ENEBRICESSET ML WD
BEWRTHELWEEZ D,

6. ALNIZL HMTDEZ FRXDIRE
IS L 2K EDOTHIFIEE LT, IT4F Daish 5
WG LT TR E SIS,

Ope = aVl \a- AC, +b-0y, ...(6)

FERIFAC, ITf A R L CZOEAZRS TDHE L L
04y (275 B LT TRIRITHAGA L TV D, 55K a,
bIiXZENEI0.343 & 0.084 BNIREINTWD, ARHFSE
DEFMEOMREL ZOXTTHI Lz AFR (Qp,) &.
EfE & 72723 LES @ AFR (Qcrp) DOPBRZR 12(1) 1T
AT, TeB, MEARITERZE 30% OFIPHTH D, (6) T
b o HRRE O E CHRREIX TSNS 23, O To
IRA MR D B3 B 730 5 556 DR B D 72 BT C© &
T AERMIT SS-F THREMEV, & Z TEAUC X D
RA D= AL EESE NRE) & IRAE OWFE 2 7HI§ 2
7wz, WRTTHERARD,

Op = ﬂVn/a'ACP +b-oy, +c-EAV, (7

Oucy (LRI O I8 B DO BEE) /) & #E % . Daish & 'V & [k
WHDBE N OB A ISR C S EHFRPICE
tr, —HIRARITILH S Y AT Y IS &
B O B TR U D HR & 4 % CBA D7 w7, 1
IO AZRCCTMAET 52 & T, EHRRITES
K THEEM L, AMTIEV, Ty — IV RET LD
LES f#HT s 31 2 B 0 HD AR ENL & 2> B BT 1)
(2 20 mm BEANLT-ALE O A B T — A O R S E & B
A LTz, SREITE/ N ZFIBIC X 0 /N R LT 3 M1 T
[FEZIT 72, B 12(2) ICFERE (a=0.149, b=0.262,
¢=0.053) ZHSWT THIME Op, & FENTIE Ocrp D BIER
oRrt, BEFICEBWT O XL bBENRELT

av
=~

QP

'l’ e
.
d o e P
b - 9 s
pa /_/ V4 o
a 47 ’ !
0.002 N g SS-BI 7
SS-BI | ./’ DS /O >
- ’ e
’ < -
6009 . A
e _ “
o
;

BY., BAMEIRNEL D SS-F & SS-B DIE W Tl
RIZKMENTND, B2, ACGIZEWTIH LD
DAT 0.1 FEELLF OWUNAE T, 040, & V, DEH D
[FIFEEE D SS-L T Qp,e 25 Qepp &AL —E DALY |
LV ERBECHREN TSNS Z RS nT,

7.FED

AWFFE TN ERBE L AT 5 2 AR
HBRIZRFOEINE X DMK EDOH L TR FiEz R E
L7 BER, ALIVIC L DMK A D= AL THDIRE &
IREY O H 2 Z 8 L7 PR CIIRE O A 2 B LT
Daish b " O FRIAX L 0 EHECTRITE, EHRIC
ESWETHIFENRZRYTHD Z LRI, 4%
VIABIFTE ToRME S AU T2 MRATHRG FE O 1) £ D BEHT N A
RIESRMZ L L TR0 E e 5 1m e H UM
HHDOILRDNRETH D,

0.004 L

0.003 SS-L-l

L

0.001

® \
b A [os
r e 1SS-F

0 0001 0002 0.002

0.003 0.004 0 0.001 0.003 0.004
QCFD QCFD
(1)Daish & (2) RERR

12 KB DT RIE & BITEDEF

SEXH

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 IE, (i ERde Bl AR - ROELNL A B LT AR RS
BT A0 8 1 BOENIC KA MRNREEDO AT =X
L, ZEHFN - AR LR SCAE | 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) TP RPE MEEE S, RMEFE=, @EIEA - BURRHZ IS 5 A
B 0 R OB R T FBEm BB N &9 5 REOHK
PERICBIT 20098 (£ 3) , B AR AR BRE R CE 8 73
% 5 626 %5, pp.437-443,2008.4

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

7 FE—F, MEEE, A BE = RERRIR G =N O R AR
a5 32 O FEAMZ B 9 % F 42 -Particle Tracing (2 X % Visitation
Frequency,Purging Flow Rate O JERERIMEAT , H ARHR L FE 250 R
FOCEE | 5 534 45 ,pp.41-48,2000.8

8) /INAREIR , MEE -, TASTT, LIM Eunsu : BEBID 2 AT 5
FasdG L LicKOENIC X 28R 2058 (£ 0
DLES % Ve Bl — R O THIBE 1 o0 boige, HARCHEEE 22 2000 4650
ERAFFER A2 5 55 5 - BRELR , pp.397-400, 2015.6

9)  A.Smirnov, S. Shi, I. Celik : Random Flow Generation Technique for

Large Eddy Simulations and Particle-Dynamics Modeling, Journal of

Fluids Engineering, Vol.123, Issue2, pp.359-371, 2001.6

RIGIEZ « 8« WEEE D A7 F VRN AR, BB AR ZS | 1994

N. C. Daish, G. Carrilho da Graga, P.F. Linden, D. Banks : Impact of

aperture separation on wind-driven single-sided natural ventilation,

Building and Environment, Vol.108, pp.122-134, 2016. 11

10)
11)



