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ANALYSIS OF CROSS VENTILATION AIRFLOW IN AND AROUND
SIMPLE HOUSE MODEL CONSIDERING FLOW FLUCTUATION

Study on naturally cross-ventilated house using large-eddy simulation(LES) part 1
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Natural cross ventilation in house is commonly used as ventilation method in Japan. It is influenced by wind direction, distribution of wind velocity
and total pressure on walls. Cross ventilation is not observed with using Reynolds Averaged Navier-Stokes Simulation (RANS), nevertheless occurs
in actual phenomena. Flow field in the house varies depending on fluctuating wind. For example, cross ventilation is affected by the wind turbulence
around the house, in case of two openings positioned symmetrically on opposite walls parallel to wind direction. Therefore, replicating actual
phenomena with using CFD is very important to provide evaluation method for ventilation design. Recently, unsteady fluid flow phenomena are
analyzed using Large-Eddy Simulation (LES). In this study, opening conditions and wind direction are calculation variables, five cross ventilated
simple house models are calculated using LES. Distributions of instantaneous wind speed ratio and pressure, mean wind speed ratio about cross-
ventilated houses are reported. In opening conditions that time-averaged inflow is not observed, instantaneous inflow caused by pressure difference
on the walls is generated by turns at each opening. Unsteady cross ventilation is replicated with using LES under opening conditions that obtain no-

ventilation in steady-state flow field.
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Fig.1 Simple house model

Table 1 Analysis cases

case House Model Openings Position

casel Model A-1 the windward and leeward walls

cased Model A2 the opposite wa.]ls p?.ra]lel to the wind
direction

case3 Model B-1 the windward wall

case4 Model B-2 the leeward wall

case5 Model B-3 the wall parallel to the wind direction

Table 2 Analysis conditions

SGS model Dynamic smagorinsky model
Analysis region x=7.8, y=1.8, z=1.8[m]
Size of house model x=0.3, y=0.3, z=0.3[m]
Opening Area 0.04x0.04=0.0016[m’]
Instantaneous wind velocity components (u,v,w)
Inflow are produced by driver region calculation
(UDCZW, reference wind velocity =5.0[m/s], reference height=1000[mm])
Boundary condition Out flow Zero gradient
Side,Top Free slip
Wall Boundary Ground Three layer model of Werner-Wengle wall
Building wall functions
Pre-analysis 2.6[sec]
Analysis time
Main analysis 10.0[sec]
At 0.00001[sec]
Minimum mesh size 0.005[m]
Number of meshes 210(x)* 148(y)* 117(z)=3,636,360
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Fig.3 Analysis mesh division of vicinity of house model

3. LES fg#frfs R

Fig. 4 IZMAZTRGLD x J7 181 O - Bk FL oA & L= /L —
DERET 17 7 AV (BT A S—FE8 FHsRE : x =1,500(mm]) %
R, x FROTFHRE L ASTRITIEREL Lz Uc 2 V' O 7 u 7 7
ANEIFIE T B, LIS RV X — DR EAR T, B KRR
LR L CRERIS/NSWEE 8o TE Y, iFE (Z=300[nm]) TiE
JER SEBRAE & Lhle LTI 45 ~ 80% & 72 5, dFECET D y Kz FF
F) R RSy O ZE B By D RMS i 1 X B AEEGH (5. 0m/s) (2% L CHIB % T
B 5, Casel IZBWTHIGET /VAMERIZ IS 5 BEHIH & DMK AL
FREfE v+ OSFIREIEAT 15 Th D,

RO R VEIEACEAER X 1,000 [mm] o E# 5. 0[m/s] U,
TR LB & LR, X, SN EGE 1L ARG & b
LW, SRR O LB & S50 RE o 2 5 & L TR,
3.1 RURAEERIC &K % PIVRIERER & LES MEATHE R D LLE

Fig. 5 |2 E RS NAES G O bl (Casel, SATELWIE ) 2 2,
PLV JIE &0, WRAVICIBAET D072 b L — R % i (1A L
TL—Hr—MIEYAHIEZITV, N A= R A TEIZX Y ER
5 Ui 3~ 2 eI o5 OB 2 ffi 2 2 & T imhiso
WA & I CRE T 2 BT ORBTH 5, ELSIIHH Y 12
TR L FFEO~E, B A RIEOBAET T V& IR s
JEl % - T PIVIIE 24T o 7o iR A WE LT D, 3 LWEBRSAE,
TESIIRME BRIz,

BETED PIV MERE A & LES EHTRIR & bl 2 & =7 L =4 Tl
JEEBUSRE T 0> 0> 3 AT IS TR & A B i K OV AR 1f 0 e gk
AOMTRES, MIEE BITIFE B L TWDE, BT /VEANTIE, i
FEGLE HIZE OB 0 B RN AR P& ici A L, B R HIBE
A2 DA LW EICKIRB IR T DR F I b T D, HL,
BT ANO EFOFTEAA L PIVIIERE RO K& <R LT
Woo 5. RHARWR TIE PIV JIE RS SR A B 23 ey L & &
R BMEM B Y | LES RS R CIRE SIS ik~ 1 BA
LA H D, ZhHORFMEIROR —FEOKF E LTk, Fig. 4 (a)
I3V C, LES MR #E 9% C i A ZE B &L 00 Hi 3 i 543 oD JEL 3 JR\ 1)
TSR LR L TN &L [ () 12BN T, ELET R F AR
T FEERARE R & e L C LES iR IR Tl h S VW2 LB 2 b D,

A CHOZEMEEET VEMGE LnhE, ENAVRTER
X PIV JIGE & LES bt CEMERICHER—E L TRV | RGO AT
REEITEB STV 72, LES MRHTIC X 0 @RI RE Rl k42 & -

=+ +y=0.3[m] ——=v=00ml | | e y=0.3(m] — = y=0.9im]
------ y=1.5[m] Power law (a=0.25)
O Experiment =+ +y=1.5[m] O Experiment
1.00 ?_ 1.00 i—n
090 1 090 {3
0.80 ¥ 0.80 ':\ o
=070 .f =070 kﬁ.‘
5 E o
N 0.60 F ~ 0.60 AK‘( o
+ - 3
+ 050 * = 050 o
g an S o
) 7 80040 —Se O
T o030 fii T 030 A
0.20 4 0.20 >
£ <
0-10 L 0.10 [ s
524 £
0.00 4 < 0.00 . . sk
00 02 04 06 08 10 12 0.000 0.005 0.010 0015
Ux/Ures k/Uref2

(a) Wind velocity of x component (b) Turbulent kinetic energy

Fig. 4 Approaching wind profile (x=1,500[mm])
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Fig.5 Comparison of distribution of time-averaged wind speed ratio vectors (Casel, Vertical section)
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Fig.6 Distribution of air flow wind speed ratio vectors by LES (Casel, Horizontal section)
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Fig.8 Distribution of air flow wind speed ratio vectors by LES (Case3, Horizontal section)
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Table 3 Comparison of flow rate ratio calculated by time-
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When evaluating the ventilation performance using pollutant removal efficiency
(e.g. Purging Flow Rate), it is difficult to consider the influence of the short
circuit with the case that the inflow and outflow openings are changing
constantly.

Pollutant
Generating domain

Pollwant? * o S
Generatipg domain

O 2Xe)

‘ It is difficult to determine whether the particle is short circuit or not.

- — o : Particle (Pollutant)
x Wind direction —>: Tracks of particles

Fig. 12 Problem of evaluation method using pollutant removal
efficiency for cross-ventilation performance in Case2

The influence of the short circuit is removed by counting number of particles
which sprinkled on the openings and arrived at the evaluation domain.

It is clear and simple to distinguish the short 01rcu1t partlcle

0]
0]
5
Evaluation \,
domain

Wind direction o Particle .
« —>: Tracks of particles

Fig. 13 Concept of evaluation method of natural and cross-
ventilation performance in unsteady fluctuating flow
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Yasuo TAKANO ™, Shin-ichi AKABAYASHI **, Yoshihide TOMINAGA ***,
Jun SAKAGUCHI ****, Miho HONDA ***** and Yuki ARINAMI *

* Grad. Stud., Graduate School of Science and Technology, Niigata University, M. Eng.
** Prof, Graduate School of Science and Technology, Niigata University, Dr. Eng.

Prof,, Dept. of Architecture and Building Engineering, Niigata Institute of Technology, Dr. Eng.
#*%% Prof, Faculty of International Studies and Regional Development, Department of International
Studies and Regional Development, University of Niigata Prefecture, Dr. Eng.

#*EE Tapan Railway Construction, Transport and Technology Agency, M. Eng.

(Former Grad. Stud., Graduate School of Science and Technology, Niigata University)

¢k K

Natural cross ventilation in house is commonly used as natural ventilation method during moderate seasons, including summer in Japan. It is complex
phenomena, influenced by wind direction, distribution of wind velocity, and total pressure on walls. In previous study, a steady-state flow field in a
simple house model installed two openings on each opposite wall has been studied. Cross ventilation is not observed with using Reynolds Averaged
Navier-Stokes Simulation (RANS), nevertheless occurs in actual phenomena. Practically, the steady-state flow field in the house is not maintained
over time, and flow field varies depending on fluctuating wind. For example, cross ventilation is affected by the wind turbulence around house, in
case of two openings positioned symmetrically on opposite walls parallel to wind direction. In this case, instantaneous pressure difference between
two openings makes natural cross ventilation in the house. Therefore, replicating actual phenomena with using Computational Fluid Dynamics (CFD)
is very important to provide evaluation method for ventilation design. Recently, unsteady fluid flow phenomena are analyzed with using Large-Eddy
Simulation (LES).

In this study, opening conditions and wind direction are calculation variables, simple house models are analyzed in order to survey unsteady cross
ventilation phenomena using LES. Sub-grid scale model is Dynamic Smagorinsky model. The airflow computation results about cross-ventilated
house are reported.

The results are as follows:

(1) In Case 1, a liner fluid flow field is produced from the windward opening to the leeward opening shown in mean air flow velocity. Instantaneous
inflow occurs on the amplitude state for the y-direction. Moreover, turbulence occurs in the corner of inside.

(2) In Case 2, 3, and 4, inflow is not observed in mean air flow velocity. On the other hand, instantaneous inflow is generated by turns at each opening.
(3) In Case 5, in mean air flow velocity, inflow occurs on the leeward opening and the circulation flow field inside the house model occurs by inflow.
(4) Comparing inflow calculated by time-averaged airflow and instantaneous airflow, inflow calculated by instantaneous airflow is about 7 times more
in case2, 27 times more in case3, 5 times more in case4 and 1.4 times more in caseS than inflow calculated by time-averaged airflow respectively.

(5) The ventilation under opening conditions that can obtain no-ventilation in steady-state flow field is replicated with using LES.

Some evaluation methods for ventilation efficiency (ex. age of air) are defined on ensemble average of innumerable stream tubes. Therefore, it is
difficult to evaluate natural cross ventilation under these conditions. In next study, we will aim to develop a new evaluation method for ventilation
efficiency.

Outline of new evaluation method is as follows:

(1) Defining evaluation area in the simple house model as excluding short-circuit phenomenon.

(2) Sprinkling imaginary particles that have no-weight and no-volume from appropriate openings intermittently.

(3) Integrating amount of particles that arrive at the evaluation area.

(4) The arriving rate and effective ventilation are computed by the amounts of particles arrived at evaluation area.

(5) Calculating the ratio of effective ventilation against air quantity of ventilation in Casel as standard.

In addition, the vector animation about this study is referred the URL below:

http://tkkankyo.eng.niigata-u.ac.jp/dougainfo/journal/les2014 _1/les2014_1.html

(2015 4% 1 H 9 HERGZEL, 2015 4 6 A 22 HERHTHIE)
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