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Ventilation Effect of External Wind Turbulence for a Room with Multiple Openings
(Part 5) Simplified Prediction Method of Flow Rate for Small Wind Pressure Difference
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General predition method of wind-induced ventilation rate cannot work well for a room with multiple openings of the

same order of magnitude of time-averaged wind pressure coefficient (Cp value), because influence of the wind turbulence

cannot be considered. This work aims to evaluate ventilation performance due to turbulence. This paper presents the

flow rate of a room with two openings for several cases of small wind pressure difference by using LES. The flow rate is

evaluated based on the instantaneous velocity at the opening, and a simplified prediction method of the flow rate is shown.
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Openingl . Openingl Turbulence Model Large Eddy Simulation
Opening2 CFD Code Fluent 15.0
':(> E’ X ':(> E’ X Algorithm Implicit method(SIMPLE)
Wind . Wind Discretization Scheme for Central Differencin
Opening2 Advection Term 9
— \ Time Step 0.0005 [s]
A Transition Term 2,000 time step (=1.0 [s])
(a) DS (a) SS-L Inlet 1/5 Power law(Smirnov's method)
l‘: =\| Boundary Condition | Outlet Gauge Pressure :0 [Pa]
ing Openingl Walls Two Layer Model of Linear-Log Law
= . Openingl ? é\*"r CasyeL—A Casel-B . Casel-C
o 1,400,229 | 1,433,465 | 1,457,701
Ivf% E{ I] l;x T(>d E’X "%} SS-L "CaseL-D | CaseL.E | CaseL-F
in S~ ‘ in -
" Opening?2 Opening? " Total Number of Cells cor 1(’:5:5(2'1:?2 165;234e’:|i?|(3) 105312;?3
1,526,425 1,362,560 1,369,615
(c) SS-F (d) SS-B SS-B CaseB-A | CaseB-B | CaseB-C
Fig.2 Studied Cases of Opening Condition 1,526,425 | 1,362,560 | 1,369,615
Table 1 Studed Cases and Results Obtained from CFD
- Central Position of Opening (X,Y,Z) [mm] s Q,_[m/s]
Description Case Opening/1 Opening?2 ACP ]| Opp [ | Qor [MS] Daish et al. | Present Paper
Case0 | L=100 (0,100,-100) | R=100  (0,100,100) | 0.000 |0.30435 | 0.00186 | 0.001360 0.001720
Case0-1 | L=80 @ (-20,100,-100) | R=80  (-20,100,100) | 0.000 [ 0.29861 [ 0.00166 0.001348 0.001711
Case0-2 | L=60 (-40,100,-100) | R=60  (-40,100,100) | 0.000 | 0.29117 | 0.00148 | 0.001331 0.001680
Case0-3 | L=120 (20,100,-100) | R=120  (20,100,100) | 0.000 | 0.32730 | 0.00205 0.001411 0.001750
DS =) |: :| Case0-4 | L=140 (40,100,-100) | R=140 ~ (40,100,100) | 0.000 | 0.34661 | 0.00226 | 0.001452 0.001750
wind Casel L=80  (-20,100,-100) | R=100 (0,100,100) 0.039 [0.32315 [ 0.00181 0.001709 0.001816
Case2 L=80 (-20,100,-100) | R=40 (-60,100,100) | 0.110 | 0.30294 | 0.00160 | 0.002141 0.001839
Case3 L=80  (-20,100,-100) | R=120 7 (20,100,100) | 0.124 [0.37457 | 0.00203 0.002313 0.002013
Case4 L=80  (-20,100,-100) | R=130 _ (30,100,100) | 0.190 | 0.37457 | 0.00228 | 0.002644 0.002076
Caseb5 L=80  (-20,100,-100) | R=140 _ (40,100,100) | 0.256 [0.39931 | 0.00248 0.002963 0.002176
CaselL-A | L1=100 (0,100,-100) | L2=55 (-45,100,-100) | 0.021 | 0.33532 [ 0.00169 [ 0.001600 0.001811
_ _ | CaselL-B |L1=100 (0,100,-100) | L2=50 (-50,100,-100) | 0.040 |0.34783 | 0.00164 0.001763 0.001859
SS-L I;J> CaselL-C | L1=100 (0,100,-100) | L2=45 (-55,100,-100) | 0.058 |0.34783 | 0.00169 0.001886 0.001876
Wind Casel-D | L1=100 (0,100,-100) | L2=40 (-60,100,-100) | 0.076 [ 0.32949 | 0.00166 0.001973 0.001855
CaselL-E | L1=100  (0,100,-100) L2=35 (-65,100,-100) | 0.096 | 0.32949 | 0.00169 0.002095 0.001880
Casel-F | L1=100  (0,100,-100) L2=30 (-70,100,-100) | 0.114 ] 0.31512 | 0.00171 0.002179 0.001886
— | CaseF-A | F1=40 (-100,100,-40) | F2=40 (-100,100,40) | 0.000 |0.12604 | 0.00143 0.000875 0.001305
SS-F=1 CaseF-B | F1=30  (-100,100,-30) | F2=30  (-100,100,30) | 0.000 | 0.08666 | 0.00132 | 0.000726 0.001108
Wind L— [ caseF-C | F1=50 (-100,100,-50) | F2=50  (-100,100,50) | 0.000 |0.14915 | 0.00151 0.000952 0.001433
— | CaseB-A | B1=40 (100,100,-40) | B2=40  (100,100,40) | 0.000 | 0.12000 [ 0.00102 | 0.000854 0.001163
SS-B ';I> 1| CaseB-B | B1=30 (100,100,-30) | B2=30  (100,100,30) | 0.000 | 0.08355 | 0.00098 0.000713 0.001002
Wind L "caseB-C | B1=50 | (100,100,-50) | B2=150 (100,100,50) | 0.000 | 0.14729 | 0.00108 | 0.000946 0.001270
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Fig.5 Instantaneous Inflow/Outflow Rate passing
through Two Openings (CaseL-A)

AC, WINE RGBT 2K ETROERER T
A—2 DA H 5, [ U< xtmbBinc, B
01 OFFEEZFEEL T 2EE 352 & Tl
INE 72 AC, DA & 725 Case 1 ~ Case 5 % WL CH[RIEE
IZ 040, DR ERGEIC AFR DR E < 72 DA 5
N 7=, Fig.6 (2458 0 &M BT 2 JRFAR R 75 oo h v
fR7E 040, & AFR OBMRZIRT 3, ZOREED S bt
B 1 (DS) G281 B 040, & AFR DBIRAN DN D,

WA AT 2 BA 11444 (SS-F) & % ifi 2 BH 0 4514 (SS-B)
DOFRERICEBRT D, ZNOIEBAONELHELE T
HHTZDOETAC, Z 0L L2, ZNENoBE 0id
ERMIZBW TR THEd 22 0,0, & AFRIZED
MHENEOND, 72770, WEESGE T 5 &
ACp X013 040, DIEBRIFRETH DT H D BT,
H72 % AFR OB DL, AR OELALOHK D A
N=AL%wZEZR5HE, WREhZ 735 0 HEEZEOZE
FLFERRE TH DA, BT TORA MR K
X< AR EE2D, HOHOREAICIAE N
B & B0 o 7 iFes] ¥ Cik, B EIEIBE O A
& Z OB RGEIZHFIT D Z EBRR STV D D,
SS-F §:fFCldmEs O K 23 #2832 fEik. SS-B 5%
G U b AR JRL 3o 703 4 4 7 SCUE 2 A 3 2 1% i Ik
W OPEE S TERY, FEREGE - ELymfsrE s 4
KB DEMTHDHTDIRGIZLE DB EDE NN
RERBREHLZEIND, ZOZEnD, BHAOME
TOIMER B BAICKRELSFELTCNDEEZD
. R ETNCH 72> TIENREI RS & IBA RS D
W DB MR Z ENERRBIZESSET L
fLEWHIBRTHELWEEZOND,

INLEBEZTSSLEHORREERL & &5
:C AC, 73 0.12 LR CHUN 2 BUEREZETH 572
AFR IE AC, I[ZIEKAFE T, IRENZEEE T 5 o, 23[A]
FEPE D IRAT B 2 BE i i 05 B & K X 22 2203 72
W= D RE BT FRRE D AFRIZ/R o T2 LIRIR T X 5,

0.003
0.0025 | |_DS
3K J
— 0.002 | SS-F —_ \. PY
£ ' 0
A=) 44
00015 . AN o *\
L
< 0.001 PP =
| SS-L
0.0005 SS-B |
0
0 0.1 0.2 0.3 0.4 0.5

Standard Deviation of AC_ (=0ace) [-]
Fig.6 Correlation between Standard Deviation of ACp and AFR



4. BENICK MK ETRXDRE
ELAIC KX DR OWEAENFJE L L C, 34 Daish 5 7
(TAE 2B A TUTFOPRIAZREEL TS,

e :ZVm{a'ACP +b-oy, .(2)

FRTRERBEICREEZ R CEAZRS T
L bz, BERBOEERZ 0,0, ICE& B L TTH
RUTHAIA A TWD, $5Ea, b IZE 1 E 41 0.343, 0.084
MDIBEINTWND, KRR TEE LIS FEOBI
BEZONXTPHLE Oy & BEfaE 723 LES D
AFR T&H % Qcrp DR % Fig.7 (a) (279, V, 1ZEE
RE D HHERE TdH 5 BT /VlFEER 2 L,
B BERRITREZE 30% DOFIPH AR T, ZOXTHH
HREPE DR CHK EIL TR E 5 A, SS-B & SS-F
D &N AC, BIINDD 0,40, DIFIREEE 72 23 B BA 1B
DIREMERITE NN B D 5 E O & D 2 2 755
TP, FERMIC SS-B THENMEV, EH 5 ITak
DY FLANDHLKD A 7= AL BIREN & B O E T
DRABDOMEZE ZFTMT2MLERNDHD LB 2, KRXO
LD CRADOEELMAAAT TR EZIRET 5,

Q,. =V, \Ja-AC, +b-Cy +c- D AV, .(3)

T 2Tl oy B THEIIBRF O @R & 2 TH 2B
OO EAIFEAEICE T 2 EHRPICET, —F
ORI S Y RER L T OfFZE S, Bl R
HRTA U MR E L TERIT D & TEREARICE
S TRXEZBR L, 228, BIFAODZEI 20
7 /L0 LES TSR V2B DB 0 L AR END
187> B YERR 7 AT 20mm B AL 72 (7 18 0O BE 1 ST 155 A
T —BGE O REREAMEZ A L, SRR/
FIRIZ L0 /N LA 3 M ClEE %17 - 72, Fig.7 (b)
(ZIRIERE R (a=0.149, b=0.262, ¢=0.053) (22X Tl
L7 O EIRHTIE Qe DRAMR 2R, E5AF
ICBWTHEZE30% NI E Y QXD LEFERN
mbEL7, £z, BEMWRNE/Z S SS-F & SS-B D
PR EOFE VA PRIFE RIS TWD, 51T,
AC, \TEWTIH D H DDA T 0.1 FRJELLUTF Ol
T\ oy, & B AFBUT A3 R o 1 A3 [RIFRE D SS-L &
PRI, Ope 1E Ocpp ETRIBRIC —EDEETRY , XV
EREE CHREN TR IS Z LR ENT,

BE

5. F&EH

A TN 72 R EGE D 2 B A THRUR AT
ZATV, B A LI T D AR EGE DO FE MR 72 &
BH F1 0 BE [ T 65 R N SR IS B A KX T 2 L &
mUTe, Fo, BUNeREREEO R ESRE L
T #H Z IR A A TEHR RO S TR Z R E LT,

0.004
S L
0.003 SS-L S
o, /| ~ <
.g // o - -
£0.002 L
O // A 7 - -
| 8s-F S s DS
L N\, 7 _
0.001 4 e -
/// - A .\ 1
e Ss-B |
0 L —
0 0.001 0.002 0.003 0.004
Q. [M/S]
(a) Daish et al.
0.004
. 7/
7
7/
Ss-L 7
0.003 -
4 -
/ 7 -
w | — d °.® -7
°c 0.002 [ ssF v LY P
fl ‘e > -
g —N\ 2 0s
(@] BN
0.001 % - —
s Ss-B |
//// - —,
0
0 0.001 0.002 0.003 0.004
Q. [M/s]
(b) Present Paper
Fig.7 Correlation between Analysis and Prediction Value
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) Mg EH LRk Bl R - RO ELIL A B R L T AR A
WZBT 2058 55 1 BOEAIC K AMRREEDO AT =X
L, ZESGHEFN - AR TR AR | pp25-34, 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) JTEF BRI MEEST, KMFE =, @A L - SRS IS 1 2 |l
B OB oM T A B LB A 2T 2 EE O#HK
PERICBET 20158 (20 3) |, BARE AR RETRTHCE 5 73
% 5 626 5, ppd37-443, 2008 .4

6) FEMHRHL , IREL | i A OB N AT T DR LG L
L2 B D ELAUIC K 2 R RITH T 2098 (£ D 4) P72 i
FEMREFAED 2 B A 247 5 R OMSCRTTHL , 2250 - #EL
PRI U, % 4 %, pp.105-108, 2016.9

7y NRERIE M E T AT, LIM Eunsu : OB 02 AT
LEERGE LI AOELIIC X DA FIC BT 24858 (20
2) LESIZ &2 P A OB 0 Offt | 2250 F0 - T
PRI SCE , 55 4 45 | pp.201-204, 2015.9

8) A. Smirnov, S. Shi, I. Celik : Random Flow Generation Technique for
Large Eddy Simulations and Particle-Dynamics Modeling, Jourmal of’
Fluids Engineering, Vol.123, Issue2, pp359-371, 2001.6

9) 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



