














From a ventilation point of view, it can be emphasized that all parts 
of the model are contaminated, except in the inlet region. Upstream the 
emission line and in the central region, the concentration is almost 
uniform and equal to the outlet concentration. The highest concentrations 
are located dowstream, up to the outlet. 

The measurement method gives reliable results, and we can expect that 
it will be an efficient support for further developpements in ventilation. 
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Vertical concentration profiles 

,.., 
Concentrations C are normalized by the exhaust concentration. 

"" "" Lengths (X,Y) are normalized by the height of the cavity. 
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Vertical concentration profiles 

~ 

Concentrations C are normalized by the exhaust concentration. 
~ ~ 

Lengths (X,Y) are normalized by the height of the cavity. 
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Vertical concentration profiles 

,.., 
Concentrations C are normalized by the exhaust concentration. ,..., ,..., 

Lengths (X,Y) are normalized by the height of the cavity. 
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A relative uncertainty = 35 % 
B relative uncertainty = 25 % 
C relative uncertainty = 15 % 
D relative uncertainty = 10 % 
E relative uncertainty = 5 % 

Fig 13 Uncertainty regions 

Table 1 

© 

Point number 1 (for the location of the points, see Fig 6) 

Experiment 1 2 3 4 5 6 

Mean value 1.09 1.07 1.08 1.08 1.08 1.07 

where c = the average over the 10 values 
2 

ac = the variance over the 10 values 

Point nu~ber : 2 

Experiment 1 2 3 4 5 6 

Mean value 2.07 2.04 2.07 2.06 2.04 1.98 

Point number 3 

Experiment 1 2 3 4 5 6 

Mean value 1.04 1.06 1.09 1.08 1.15 1.08 
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Table 2 

X = 50 mm 

y (mm) 1 5 10 25 40 60 80 100 120 130 139 
date 

06.01.87 0.20 0.34 0.65 1.02 1.06 1.10 1.09 1.07 1.11 1.13 1.09 

15.01.87 0.05 0.33 0.51 1.00 1.03 1.05 1.07 1.07 1.07 1.07 1.04 

X = 160 mm 

y (mm) 1 5 10 15 25 40 60 80 100 120 130 139 
date 

26.12.86 1.64 o. 71 0.65 0.74 0.88 1.06 1.04 1.08 1.09 1.15 1.16 1.12 

12.01.87 1.18 0.60 0.64 0.70 0.89 1.06 1.02 1.06 1.06 1.08 1.10 1.08 

13.01.87 1.45 0.68 0.67 0. 71 0.87 1.08 1.11 1.13 1.13 1.15 1.15 1.16 

Point number 1 

Date 06.01.87 12.01.87 13.01.87 

l'-1ean value 1.06 1.08 1.06 

Point number 2 

Date 06.01.87 10.01.87 12 .01.87 13.01.87 

Mean value 2.04 1.98 1. 79 1. 70 

Point number 3 

Date 06 .01.87 12.01.87 13 .01.87 

Mean value 1.14 1.09 1.09 
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1 - The hydraulic bench 

1.1 - Description of the bench 

The simulation of the actual air flow into the factory room uses 
another hydraulic water bench, which main parts are (Fig 1) : 

A plexiglass scale model, which is the very actual reproduction of the 
factory room (1). 

An experimental tank (2.250 x 1.750 x 1.00 111Tl3), on the bottom of which 
the model is fixed (2). 

Five unsteady delivering pumps to create the main ventilation flow 
inside the room (3). 

A big buffer tank to keep steady the static pressure and the fl ow 
during the experiment (4). 

Joining pipes (5). 

1.2 - The scale 11<>del of the factory room 

The model is a plexiglass parallelepipedic box (525 x 260 x 280 rrm 3 ) 
fixed upon the lower side-light of the experimental tank. 

The main flow is going through the model from an inlet-hole to an 
outlet-hole. 

The inlet is a rectangular slot (30 x 260 mm2) at the botton of the 
rioht side of the model. 

- The outlet is the same slot situated in the middle of the upper side of 
the model. 
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The dimensions of the experimental tank are large enough to ensure that 
the mean velocity far outside the factory is nearly O. 

Because of the geometrical symmetry of the model, the mean flow can be 
supposed to be two-dimensional in the vertical middle plane P = OXY inside 
the model (this must be confirmed by experimental results). 

The first experimental measurements of mean flow will be done in this 
symmetrical plane P (Fig 2). 

2 - The laser doppler anemometer system 

2.1 - The doppler frequencies measuring system [1], [2] 

The experimental measurements of mean velocities components 
Ux and U~ inside the plane P use a laser Doppler One Component Anemometer 
System from DANTEC. 

The system is divided in : 
- a laser Spectra Physics 165, 
- an optical beam system DANTEC 55 X, 
- a freouency LOA Counter Processor DAMTEC 55L90, 
- a Bragg cell and an electronic freauency shifter (55Nl0). 

2.2 - The 3 D-displacement system 

In order to investigate the whole plane of measurements, we use a 
3 D-displacement system. This displacement concerns the whole system 
(laser, optical velocimeter, front lens and of course measuring point). 

The three displacement axes (X,Y,Z) of the system are the same as the 
three main axes of the model. 

Laser beams are reaching the measuring point by going through large 
rectangular side-glasses on the corresponding sides of the experimental 
tank. 

2.3 - The computing system 

A SOLAR computer fully drives the experiment. The two main tasks of the 
computer are : 
- driving the displacement of the measuring point inside the model, 
- getting and storing the frequency datas from the counter processor. 

3 - Running the experiment 

3.1 - Use of the LOA velocimeter 

The wavelength of the laser beam is r... = 515 µm (green light) and the 
front lens foca 1 1 ength f = 600 mm. The space between fringes in the 
measuring volume is o = 10 µm. 

The water is seeded with aluminium particles (mean diameter = 5 µrn). 
The density of the aluminium particles is such that the data rate of 

the Doppler Frequencies coming from the counter processor is 5 to 40 Herz. 

3.2 - Measuring the two components of the mean flow [3], [4], [5] 

The laser Doppler System is a directionnal velocimeter. It can get the 
component of the velocity which is perpendicular to the fringe axe of the 
measuring volume. 
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In order to get the two components U and U of the mean velocity, we 
use two different angular adjustments of t~e optital velocimeter. 

For each angular position (for each component of the mean velocity), we 
use two different frequency shifts of the fringe plane of the measuring 
volume in order to get the algebraic sign of each velocity component. 

3.3 - Data acquisitions 

For one angular position of the velocimeter and one frequency shift of 
the fringe plane, the Doppler frequencies coming from the counter processor 
(each 11 good 11 particle going through the measuring volume delivers one 
Doppler frequency) are sent, via an IEEE-GPIB connexion, to the computer. 
The storage unit is a pack of 512 measurements. For each point, it is 
possible to choose the number of measuring packs. 

3.4 - Getting rid of the •false frequencies" 

The first elimination of 11 false 11 datas is a preliminary test executed 
by the counter. 

At every time, the internal processor of the counter compares the 
average Doppler frequency (computed from the 5 last Doppler frequencies) 
with the average frequency (computed from the 8 last datas). If the 
difference ratio between those two mean values is more than 1,5 %, the last 
data is kept off. 

Then the data list of frequencies is tested by the computer in two 
different ways : 
- keeping off the 11 doubl e happening over" frequencies : when finding two 

successives data in the listing, the test eliminates one of them ; 
- keeping off the freauencies that would deviate too much from the computed 

average freauency : this test uses a discriminant frequency interval 
which bandwidth is four times the computed turbulent root mean square, 
and centered on the mean frequency value. 

3.5 - Computing the results 

For each measuring point, the computer gives 
The statistical estimation of the algebraic sign and the intensity of 

the two components Ux and Uy of the mean velocity, in the measuring 
plane P. 

The turbulent root mean square intensities, computed from the two 
fluctuating velocities (ux and u ). 

The distribution of the mea?urements, for each point, in the frequency 
space. 

The draw of the mean flow map, putting all the results together on one 
picture. 

4 - A first simulation 

4.1 - Definition of the flow 

The main ventilation steady flow, going through the model is 
O = 2,23 dm3/second. 

The typical value of the velocity in the inlet (outlet) is 
U = O/S = 22 cm/second. This corresponds to a Reynolds number of 100 000 
(the reference length being the height of the model). 
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4.2 - Measurement settings 

The inner sizes of the measuring plane P are Lx = 525 mm and 
Ly = 275 mm. 

In this plane P, we will get : 
A rectangular grid of one hundred measuring points inside the plane P 

(in order to give a general view of the flow inside the model). The 
horizontal space step of the points inside the grid is t.X = 76 mm and the 
vertical space step is t.Y = 25 mm. The statistical estiw.ation is computed 
with two packs of measurements (1 024 frequencies). 

A vertical measuring line in order to compare with the numerical 
results. This line is set at X = 450 mm, and the vertical step is 
t.Y = 10 mm (2 048 frequencies at each point). 

Measuring points, with the laser beams going through the bottom side of 
the tank in order to test how reliable is the two-dimensional mean flow 
hypothesis (2 048 frequencies at each point). 

5 - Main results 

5.1 - General view of the 111ean flow 

Figure 3 gives the one hundred experimental velocity vectors in the 
plane P. 

The main results are : 
The general flow looks like a large recirculating vortex, which size is 

about the whole model. 
The biggest velocities are very near the four sides of the model, 

specially inside the boundary jet flowing along the lower horizontal side 
of the model. 

The smallest velocities are in the very inner part of the model. 
This experimental map has to be compared with the numerical map 

(fig 4). A quite fine agreement is found in the lower part of the 
mode 1 [ 6 J. 

5.2 - Accuracy of the two-dimensional mean flow hypothesis 

With another setting of the measuring apparatus, it is possible to get 
the component U~ which is perpendicular to the vertical plane OXY. Table 4 
~ives the results for the horizontal line along the bottom wall jet 
LY = 25, t.X = 76 11111]. 

In the jet flow, we can say that the two-dimensional mean flow 
hypothesis is quite accurate (the UzlUx ratio is never more than 10 % in 
this part of the flow). 

5.3 - Turbulence in the jet flow 

At the point (X = 100 mm, Z = 25 11111), figure 6 gives the space 
distribution of the measured frequencies, for the first mean velocity 
component (angular position a = -45°). 

· The computed root mean square velocity is : ux = 4,157 cm/sec. 
That means : u~/Ux = 0,31. 
The flow is quite turbulent in the jet region. 
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5.4 - Stu<ly of the d1str1but1on of the flow along a vertical line 1n 
the model 

Figure 7 gives the vertical distribution of the Ux mean velocity 
component along the vertical line (X = 450 mn, ~Z = 10 rrm). 

A first qualitative interpretation shows that the global flow running 
across this vertical line is non zero. 

This result is also shown in figure 8, in which the adirnensional 
comparison of both experimental and numerical vertical profiles (at 
X = 450 mm) are displayed [6]. 

The differences between the two profiles might be exp 1 a i ned by a non 
vanishing mean velocity component perpendicular to the rneasuri ng plane. 
This fact is under investigation. 

6 - Conclusion 

The predicted and measured velocity fields were in good agreement in 
the lower part of the cavity. Work in progress seeks to obtain better 
agreement specially in the upper part of the cavity. The two-dimensional 
character of the fl ow wi 11 be checked experimentally. Efforts wi 11 be 
devoted to ged rid of the flow transverse to the measuring plane. 
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x y u u U~/Ux 
(mm) (mm) (cm~s) (cm~s) %) 

76 25 23,41 2,39 10 

152 25 23,16 2,30 9 

228 25 24, 71 2,42 10 

304 25 22,44 1,06 5 

380 25 21,70 0,57 3 

456 25 13,23 0,15 1 

494 25 6,01 2,23 37 

Table 5 : Accuracy of the two-dimensional mean flow 
hypothesis in the wall jet 
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Fig 7 Distribution of the u mean velocity component along 
the vertical 1 i ne X = 450 mm] 
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Fig 8 Comparison between adimensional experimental (•) and 
numerical (*) vertical profiles at X = 450 mm 
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