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VISUALIZATION AND MEASUREMENTS FOR FLUCTUATING CROSS VENTILATION AIRFLOW
IN SIMPLE HOUSE MODEL USING LARGE-SIZE BOUNDARY LAYER WIND TUNNEL

Study on PIV measurement and analysis for room air flow distribution Part 2

AW BT R T B R, Bk FT, W gt
Yuki ARINAMI, Shin-ichi AKABAYASHI, Yasuo TAKANO,
Yoshihide TOMINAGA and Jun SAKAGUCHI

Cross ventilation in interior spaces is a commonly adopted means of providing natural ventilation in Japan during moderate seasons, including

summer. Cross ventilation is occurred by interaction that caused by the airflow in interior and exterior rooms and the pressure distribution of the

building walls. The airflow distribution varied depending on the outside wind direction and velocity. Moreover, the outside wind turbulence affects

cross ventilation, for example, in the case of two wall openings symmetrical to the wind direction. Cross ventilation is a unsteady-state phenomenon,

and in order to understand it better, the wind flow and velocity have to be quantified. This study describes the airflow distribution in a simple cross-

ventilated house model by using PIV and a large-size boundary wind tunnel. In this paper, the location of the openings and the wind direction are the

experimental variables. The wind speed ratio and turbulent kinetic energy distribution by wind velocity vector of 2 dimensions and 2 components in

and around the model are reported.

In Case B (two openings placed on opposite walls parallel to wind direction), Case C (two openings placed on windward wall) and Case D (two

openings placed on leeward wall), where there is no pressure difference of the building walls as a function of time, it is clarified that airflow moves

into and out of the model through the openings in turn due to the outside wind turbulence.

Keywords : 2D2C-PIV, Model Experiment, Airflow Distribution, Turbulemt Kinetic Energy, Wind Tunnel Experiment
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Tablel Experimental condition of measurement cases
House model case Measurément Camera angle
section
A-1 Vertical Center of model
A-2 section Windward opening
caseA A-3 Center of model
A-4 Windward opening
A-5 Leeward opening
B-1 Center of model
caseB B2 ° .
Horizontal ne opening
caseC C-1 section Center of model
C-2 Windward wall
caseD D-1 Center of model
D-2 Leeward wall
caseE E-1 Center of model
E-2 Side wall
| Opening 1 | | Opening 2 | Opening 2
300 / 30(3/ /
4P 1 40, D{
300 10 300 || 4 I?]
z z /
Y Y 1
M X Z X Opening 1 |
(a) caseA caseB

(b)

300 300 _/
40 ,
300
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Opening 1

Opening 2

(¢c) caseC (d) caseD
300 130 | | 40
/ / [ 400 300 130[ 300

] % s | e
300 |49 145,]401 30 300
Tﬂ: (f) Plan of (g) Plan of
X caseA, B caseG, D, E
(e) caseE

Fig. 1
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Relation between wind direction and
openings of model
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(b) Background image

(a)Visualized image

Fig.2 Example of visualized image by wind tunnel experiment

(caseA-3)
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mm} e mm} e mg}cmm
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z z z
23W Laser /t ZY 23W Laser »t,_,v 23W Laser ‘::1‘(
X X X
(a) caseA-3 (b) caseA-4 (c) caseA-b

Fig.3 Example of relation between camera angle and model
(horizontal Section : caseA)
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FICBR ORI I 31T D KFE DTN + HitH B OS5 2 0 S G & 3
%o BMOENIMNCIE T HIEE R RE S O X0 #EE 72 AR (5
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7V AEENC U3 5556 BRIEE R O 8 E 5O HE R I B
TL—WRPEIT L, AIHEACEE IS AR RN AL 2, o
Sy CIFAD L L CRERRBEMOENEL D%, OO
HHAIZEBW TR MAREBE IRV T L NRERT b L
NEHEIND Z ENZ VN, FDDARER CIIEAED ) S EBHO
L—H RIS L. PIVITRRICEBOLLEERET S 2 LEER
T4, L—HFEO I W e e WD 3RERBICERL, L—

Table2 Experimental equipment

High speed camera:Photron FASTCAM SA3
1024pixel x 1024pixel, 500fps, Shutter speed:S=1,/500
Focal distance of lens:28mm

Camera

DPGL-3W LD Excitation, Nd:YAG/YVO. Laser
Wavelength:532nm, Output:3W
Continuous light (Modulation range:0~30kHz)
Laser head size(Lens part): ¢ 20mm x 75mm
Laser sheet angle: 60°
LD Excitation, Nd:YAG/YVO. Laser
Wavelength:532nm, Output:2W
Continuous light (Modulation range:0~30kHz)
Laser head size: W60mm x D290mm x H74mm
Lens part size : ¢40mm x 80mm
Laser sheet angele: 60°
G1000 LD Excitation, Nd:YAG/YVO. Laser
Wavelength:532nm, OQutput:1W
Continuous light (Modulation range:0~30kHz)
Laser head size: W80mm x D185mm x H70mm
Laser sheet angele: 63°

DPGL-2W

Laser

Gamera control  Photron FASTCAM Viewer ver.3.3.8

Softhare PIV analysis Flow-Expert verl.25
Table3 Parameter of PIV analysis
case A case A~E
case (Vertical section) (Horizontal section)
Image size 1024pixel x 1024pixel

674mm % 674mm
0. 66[mm/pixel]

Measurement range 604mm X 604mm
Calibration value 0.59[mm/pixell] |
Measurement time 16sec

Measurement interval 2. 0ms (500fps)

Interrogation region 27pixel x 27pixel I 19pixel x 19pixel

Search region +16pixel x =16pixel | +12pixel x =12pixel
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(a) Horizontal section
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Wind dirccti Roughness size

1 irection . - o

Speyer A:200 x 200 x 200
B: 100 x 100 x 100

Model
1,000

1,800

Rougt A R
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i B R i C
400 \ioo \ Unit:[mm]
M)/ ¥hao oo

(b) Vertical section
Fig.4 Systems of large size boundary layer wind tunnel
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(b) Vertical section
Fig.5 Visualization systems in wind tunnel experiments
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Cross ventilation in interior spaces is a commonly adopted means of providing natural ventilation in Japan during moderate seasons, including
summer. Cross ventilation is occurred by interaction that caused by the airflow in interior and exterior rooms and the pressure distribution of the
building walls. In a previous study, steady airflow distribution was studied as a function of time for a simple house model with two windward and
leeward openings on opposite walls, however, the wind direction and velocity outside the house were found to vary. Consequently, the airflow
distribution varied depending on the outside wind direction and velocity. Moreover, the outside wind turbulence affects cross ventilation, for
example, in the case of two wall openings symmetrical to the wind direction. Cross ventilation is a unsteady-state phenomenon, and in order to
understand it better, the wind flow and velocity have to be quantified.

Recently, particle image velocimetry (PIV) has attracted considerable attention. PIV is a noncontact method that measures airflow velocity at
multiple points simultaneously, thus, it is preferred over conventional anemometers.

When setting camera angle on center of the model in order to provide visualization images, it is caused that walls of the model are reflected in the
flow field around the walls and are crowded. We call it perspective effect. If visualization images with perspective effect are used for PIV analysis, it
tends to be occurred that error vectors are increased and no vectors are calculated in the area.

This study describes the airflow distribution in a simple cross-ventilated house model by using PIV and a large-size boundary wind tunnel.
Considering perspective effect, center of the camera angle is changed in order to provide clear visualization images around the walls and openings.
Two house models were used in the experiments. The first model has two openings placed on opposite walls, and the second has two openings
placed on the same wall. The visualization of cross ventilation is performed by using three lasers. The location of the openings and the wind
direction are the experimental variables. The wind speed ratio and turbulent kinetic energy distribution by wind velocity vector of 2 dimensions and
2 components in and around the model are reported.

The results are as follows:

(1) In Case A (two openings placed on opposite windward and leeward walls), airflow moves steadily into the model through the windward opening
and sways from side to side. The wind speed ratio of mainstream of inlet is about 0.3.

(2) In Case B (two openings placed on opposite walls parallel to wind direction), airflow moves into the room model through one opening and
another one in turn.

(3) In Case C (two openings placed on windward wall) and in Case D (two openings placed on leeward wall), airflow moves into and out of the
model through the openings on the same wall in turn.

(4) In Case E (two openings placed on wall parallel to wind direction), airflow moves steadily into the model through a leeward opening. The wind
speed ratio of mainstream of inlet is about 0.2 to 0.4.

(5) By changing the center of the camera angle, visualization images around the wall and openings are clarified.

In Case B, Case C and Case D, where there is no pressure difference of the building walls as a function of time, it is clarified that airflow moves into

and out of the model through the openings in turn due to the outside wind turbulence.
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