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Unsteady Analysis of Cross-Ventilation Flow using Domain Decomposition Technique with LES
(Part 6) Measurement of Indoor Airflow and Ventilation Rate in a Wind
Tunnel Experiment where Wind and Buoyancy Force act
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The use of LES, which can analyze unsteady airflow with high accuracy, has been expanding. However, generaly,

in cross-ventilation analysis, it is necessary to analyze both inside and outside of the building simultaneously, which

increases the computational load. In this study, the application of the Domain Decomposition Technique to LES is studied

to reduce computational load, which analyzes only indoor airflow using previously investigated outdoor airflow data. This

paper shows the wind tunnel test to obtain experimental data for CFD validation under non-isothermal condition.
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Table 1 Experimental Setting

15.0 15.0 0.88 15.0 15.0
3.0 2.0 0.3 0.84
: : 100 25.0 0.388 ’ 0.86 17.0 44.6 0.388
) ) 6.113 0.79 16.4 472 6.113
+ Temperature (inside)
« Temperature (outside)
Pressure Tap (Wall) Acrylic Bar Smm X 5
0=0 [deg] e, 0=0 [deg] XTI Heat Flux (Floor)
B b : : N g
— | . g = g £ i I —
—| e gl | EE: £l | ZE: — Vg =S tHe Bl OE
— ARSI gl | <z: _ |- bolE =t b o tEE 2 a
Z____l; SN «a@: - ®: '____'_L 2 | S — g; o ®
3 -— ~ H M 5 ~ . L
00>/ "~ 0omm— 300 a@b\/\é 50mm 100mm
%, -300mm 200mm mm % 300mm 300 30mm X 30mm
Pressure Tap (Point of Window) mm 290mm
Overall Front & Back Ceiling Overall  Cross-Section (Center of Openings) Front
(1) Sealed Model (2) Single Room Model (Temperature and Feat Flux)
. Sampling . |
0=0 [deg] I Dosing 0=0 [deg] IS £ £ 30mm > 30mm
— Y — ! £ 2
— N — o |z A 5
—_— (=3
ll J'|l g o l 5 30mm X 30mm
=1 4 ~
- N = \?Ox\/ |—|
o - L__1100mm _150mm | D,
0\')’0; 300mm ml%‘mm 300mm “ 300mm 290mm 290mm
Overall Cross-Section (Center of Openings)  Floor Overall Front Back
(3) Single Room Model (Flow Rate) (4) Single Room Model (PIV)
Fig.3 Test Models

L. ZOTERICT Y v T 83—b —F — L Wikt & Gk
U TR B OFEMT X 0 il ERRE CIMNEIE 254 F4E
STz, b—F —REEIE LIRS 2D L) FHE
L. AHIRE L Eql TRE LK &2 5 0k
TR L7z NRGEIZ K 5 Ar 4 (Eq.2) 7% Table 1 OFEES:
e —ET 2L IRE LTz, 726, HiRIT T REES
WKV EFIREZE =X — L T L, EIROREIE ST
Case 4 CIIFAUHIL, Case3 TIIFHBIOFLE Lz,

2
Qpredicted = (aA)connecred \/p_|€V - Pi + (po - p] )gAh| (1)

0

. _8PLAT _ gPANT -T)

0, Oprestiiea ! Aopening)

Z 2T (0A) meed VAR O ERE O EFAE A 7], p
ITZER DB [kg/m’], Py. Py (3R R OVE T H o £
[Pa]. g IXESNGEE [m/s], (2B 0 LR O EZE [m],
BIEAERRZIESR [UK]. u, (ZFRAJEGE [m/s], T1EZ2500E [K]

=X\

Thd, WFiolFTNETN=ERN LB (RIFER) 25K,

@

3.CFD #8ERREIAD T— 2 BF

3.1 REFRHDAE

Fig. 3 () |Z7~" 93— b RET /L& W CRUERRE O HI
EZAT o1, WERIFER R.OWE EoR E - BT - |
[ D45 17 30 mm [FIFEC 9 s & A E - J& T OB 0 O AR
ENCE (PR E 15 mm, 280 mm) @ 4 S DFF 31 sG%IT 72,
JEVER (3 VR PR E 1,000 mm O AL T 1.0 m/is & OY 10 /s
THIEZIT - 72, AL 10 m/s TR EEE FF (Validyne
1: ,DP45) % 1.0 m/s "C & ¥k 8 204 22 £ & (SIBATA IPS-
350) 2 VTS5 1 kHz T 60 s HIE Lz, BUFEMRE R
YEREE R T8 (R | 300mm) O 7 7 o —F 7 o — ik E

JE& L, JETRNIEERE I Figl 125798 h—& (L& T
DOFIEE Uiz, 7235, EBRRHIER 2 [ERAS Cilds L7z,

32:RED % - BURDAIE

Fig3 2) (/R HEET /U CTIRE « BT OME %
1707z, KHIZEET @Y | Jribm bos S J5m & ik
FHENZZENEI 3 fL G 9 mUCHIINOZE IR ZHIE L,
FE O R RALE TR & BARE ONERERE & HE
L7z, F/z, Mlmm 1 mm & Case 312510 AR Tl
SJ71A) 3 s CHANREIRE HIIE L, F7o, BUiRlX
PRI PGS 1 A CIIE Uz, SEBRI AR B A IE L C
EFIRRBICGE LTe 2 L 2B L7k, 1 BRI CHRIE L
TCIREED 10 Sy EE 2 A AE R CTOWRE L Lz, =
DO—EOJEIE =Bl 0 K LT 72 Bl E 2 D TD
EFIREOR R E UCTHREIINCERA Lz, 7ok, FEid
VIR 2 [ s L7,

3IMREDBIE

Fig. 3 Q) IZ/RTH=EET VA&, Fig. 4 1287 X9
(2 CO, WV b L—H—H AERIAEICL IR
EEEIT 72, EBRITANROE Y BNIRET=4 —
L CEFIRIEZ MR L, CO, & FE S W22\ il ki

""Apggi‘j}hmg o) Sampling Tube
Dosing Tube. | i - Model
Regulator
W Suction
CO:-
Cymef I\C/Igrslirlghoe\? Sunly Densitometer|

Fig.4 Schemstic of ventilation rate Measurement using Tracer Gas
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Fig. 7 Ventilation Rate obtained by Tracer Gas Measurement
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Fig.8 Indoor Airflow Pattern observed by PIV Measurement



