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Marius-Constantin Popescu, Nikos E. Mastorakis, Liliana Popescu

Abstract—Tests on models can provide both information on
the verification of calculation methods and solutions that theory
currently can not provide. Climate processes occurring in a site
are complex and not fully capture the phenomenon of mass
transfer of fluid motion and heat. Those basic methods are used
hydraulic moulding, which bypass the practical difficulties
created by the incompatibility of the conditions of similarity
(using areas of forging, hydraulic or geometric distortion).
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I. INTRODUCTION

N general, for defining a climatic phenomenon
I we need two categories of similarity conditions.
These conditions are expressed by similar
numbers of Reynolds, Froude, Archimedes, etc. the same
both real and as model, and resulted from hydraulics
equations; solving these equations are experiencing great
difficulties, resulting in solutions only for very particular
cases. Geometric similarity conditions, the limit and initial
(at time =0) for: speed, temperature, pressure,
concentration and mass. To be similar to reality, the model
must satisfy all these conditions simultaneously, in
different cases remains as a necessary geometric similarity
(in which case similar conditions may be reduced in
number). To appreciate the necessity of these conditions is
useful to know their role. Thus, by Reynolds provided the
conditions of geometric similarity ensure cinematic
similarity in terms of fixed borders (movement pressure),
so reproduction field gear and related phenomena such as
energy dissipation, asking the condition Reynolds. These
conditions ensure similarity of Froude and Euler dynamic
and the correct moulding of pressure field, the forces of
connection, conditioned by that cinematic similarity
existence. To expand the interpretations and conclusions of
several similar phenomena there are used dimensionless
coordinates introduced by transformation Ruark [4], [5].
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II. THE SIMILARITY BETWEEN REAL AND MODEL
CASE

Considering i and j abscissa unit vectors of the Ox,
Oy ordinate respectively, then the movement, speed, time,

temperature, pressure (dynamic), viscosity, thermal
conductivity and concentration in  dimensionless
coordinates will be [6], [9]:
X; X V; VX;
XI*Z—I,X*:—J, Vig = l, *_—l,
A J A ) J )
Y 6-0 AB
1*27:—[, 9*: 0 = , Px= pza
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where: 4 is the height of the layout; x;, xj are projections of
axes Ox, Oy of movement, vj is the velocity of carrier fluid
(clean) at the entrance; v;, v; are projections of axes Ox, Oy
the velocity vector; 9] is the fluid temperature;

A6 temperature is the temperature difference between the
pollutant; 6, and carrier fluid temperature 60 brought in
stationary regime; pois the mass volume (density) air
carrier brought to the entry; n, reference is dynamic
viscosity; A thermal conductivity of the fluid carrier is
entered; A pollutant concentrations emitted are
respectively the carrier fluid entered.

A.Terms  of similarity.  Climate  phenomena
characteristic equations are given in the literature. Thus, the

equation of continuity, which expresses the conservation of
flow following the direction Ox is

., 0
Ot ax[*

(p*vi*) =0.

Dynamic equation of motion (Navier-Stokes), where the
direction Ox is
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The voltage component of viscous origin in the
direction Ox [19]:

ov
*T
ox

where the first term is the normal load, tangential second
effort (the first index indicates which axis is perpendicular
to the surface considered and which contains the tangential
force and the second indicates the direction of force), and
expresses the state of deformation. Heat equation is

d0+ vg dp+ Mo vg e +
P dt« CmAeo dt+ p()VOA CmAeo (1)
Aidivh*g}’ad(e*ﬂ
NoCm Povo4

.

dissipated by thermodynamic irreversibility); ¢ is the heat

where: is a function of dissipation (the power

mass of the fluid at constant pressure. Assuming, that the
heat transfer of the law Fourier [7], [8], [11]:

q =-\grado,

where ¢ is the heat flux crossing an area dS (vector normal
to the surface S), then heat flow as the direction Ox, will be
qinidS.

Molecular diffusion equation constituent fluids (Fick's
law), expressing the process of molecular diffusion or
exchange of substance, is

— + le(C*V*) =— dlv{grad(C* )] = ;— dlv{grad(c* )] 2

(cinematic viscosity ofvthe report was noted with fluid),
and the B diffusion coefficient.

The equation of state of the fluid is px = f° (p*, 6*,0*).

For concentration and temperature fluctuations within
the volume studied, assuming a specific mass independent
of pressure, equation of state can be developed in Taylor
series and retain only the first terms

p(@o +A6,co +AC): p(60,00)+ AC?"FA =
C

op ’
=po+A0y) — | +Ac
p=po+ 000 %] +ad 2]

where: ¢ ) pollutant concentration in the fluid is brought to

op
oc

the input carrier and p 0(6 o X 0):p » is the initial density of
the fluid.

. 1 (op . .
Given that the term ——|—| , is the coefficient of
Po 98 Jg
thermal expansion [, and dividing the previous term

relationship p, obtain
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P 1 pap+ Ac(ap] 3)
Po po \ Oc
or in dimensionless coordinates
ap
p*—l AG*A60[3+ Cx (4)
Po ac Jo

Moreover, pressure p and density p the fluid in chamber
varies along the trajectory depending on the pressure ?,
and density of the fluid brought to the entrance, so

p=po+p,p=po+pand py=—pogd,

where, g is gravitational acceleration.

It will develop Taylor series derivative ratio (which
occurs in the equation of motion dynamics), where Ox
direction of movement of the fluid

&[ J
3 .
Po

In view of equation (2) and earlier expression of p v obtain

WM
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. . A
in which he noted: the Ar:AGO-ﬁg—z
Yo
number (expressing the ratio of mass and momentum
2
. . v
forces of fluid flow brought on site) and Fr:—z
&
Froude's number (expressed similarity in the conditions
prevailing gravitational forces).
In this context dynamic equation of motion has the
form of dimensionless
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in which Reynolds number Re is given by the ratio ,
Mo

applicable in this case, since the site is low speed (air
compressibility is neglected). It is noted that the continuity
equation remains unchanged in shape, and the equation of
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motion occurred a number of dimensionless quantities
(called numbers or criteria), formed with sizes 4, Ve Py Cor

..., characteristic phenomenon studied [23].
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Fig.1: Explanatory sketch highlighting the conditions to
limit the phenomenon of recirculation for the case of the
release of harmful substances: S, S;, S.- areas to place

L

*

] R

fresh air pollutant, that pollutant exhaust-air mixture; D,
D, - mixture exhaust flows, pollutant input respectively.

B. The specific conditions of the phenomenon of
recirculation (Fig.1). If it is assumed that fluid is
introduced properly as long as its concentration is zero
(c O=0), then the new configuration, the limit conditions will

be written [15], [21], [24]:
- to speed: v =0 wall surfaces (either v« =0 enclosure
wall surfaces);

- 1 - .= .
v :S—(D -Dy )i entrance (or v« =i entrance on site);
0
- D~ . Y - = D=
v=—/7 exit (or Py =—0 J out of site); ¥ = —L |
e e D=Dy Sy
So_ Dy =

pollutant source (either v« = the source of a

s, D-D,’
pollutant);
- temperature: 6 =0, entrance (or 0+« =0 entrance on
site); 0=0, exit (or 0+ =1 out of site);0=0, pollutant
_6,-6¢
0, -9
pollutant); 6 = g; (x, y,z) the walls of the enclosure, where
the coordinates x, y, describe the wall (or

6*=g1*(x*, y*,z*) the walls, where gy,(x,y,.z,) is a

source  (either O« the source of a

z

function describing the wall);

- for concentrations: ¢ = C entrance (or ¢x =0 the entry on
. . D .

site); c=c, exit (or cx :El out of site); c =¢; pollutant

source (either ¢« =1 the source of a pollutant);

- for densities: p = p entrance (or px=1 the entry on

P1

Po

site); p=p; pollutant source (either px= pollutant

source).

If a steady, time initial conditions are void. From
equations (1), (2), (3), (4) and limit the conditions to
identify the following dimensionless groups:
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2
E=-0 , Eckert's number (expressed heat mass
C pA 0
transfer);
A A
-Re:pv—ozvo—, Reynolds number; Pe=Re.Pr, heat
Mo
Prandtl's number

Peclet's number, with Pr :no%
(expressed forced convection heat); Sc.Re, Peclet number

of mass with Sc:% Schmidt's number (expressed

diffusion);
g4 . vg
- Ar = ABof = Archimedes number and Fr =—— Froude
0 gA
number;
afop).So D S D .el—eo.g*.ﬂ.ﬂ
Po oc ’Sl D_Dl’SeD_Dl’ee_eo’ 1 ’D’po

(expresses geometric conditions).

Previous dimensionless groups can be used
simultaneously to achieve similarity between the real
situation and model, and as such, retain only those groups
that characterize the phenomenon studied and serve the
wording of the problem (with the release of harmful air
recirculation).

It will attach indices » and m, the reference to the
actual situation and the model. Scale factor of the real case
(where the actual fluid is air) and the model is denoted by

(r)
/4("4) '
above dimensionless groups where the model fluid is water
or air.

C. The fluid in the model is water. It will study the
condition Reynolds. For two movements that dominate the
friction forces are also both model and in reality, it is
necessary for the design Reynolds number is idem with the
installation of such [10].

It will consider values

K, and is given by the ratio

Re()=Re(")

(VOAJ(m) (VOAJ(F) v(()m) v(()m)
@ — = — ) ——
Yo Yo V(()r) V(()r)

0
The temperature 20 C, cinematic viscosity values for water

6 2 1 6 2 1
and air are vy ™=10"ms , that v,"W=15.10"ms" .
Requiring compliance with Reynolds similarity shows

v(()’”) K

® 15 For the influence of the type Arhimedic
%
0

appearing as a result of temperature differences are idem
model and reality must be respected similarity Archimedes

A(m)
S2m)
Vom

14(r)

Arm=Ar") | ABY™B™
120

A0

The values of coefficient of thermal expansion B, the
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4 3
temperature 20 0C, water and air are 2,1.107 , that 3,4.10°
0 1

[ C~ 1. So, then the similarity Arhimede :

AQU™) B(") 40 Vg(m)

(m)=p(r) -
A=A & = 5 B 40 20

A report of the temperature variation model and the real
A K3

casce 18 W =—

3 (whether the condition of similarity

and Reynolds). Similar climatic condition expressed by Ar,
idem in kind and the model is difficult to meet in practice
(if the scale factor is 20, where temperature variation is real

0
10 C, and then the model should be a temperature

difference of 5,3.103! M.

D. The fluid model is air. The similar climatic
conditions, expressed by Re idem and Ar idem are the
same. As described above, the condition of similarity Ar
idem is difficult in practical terms, leading to the
conclusion that incompatibility condition appears between
Reynolds and Archimedes condition that can not be
satisfied simultaneously.

It was shown that Reynolds number does not intervene
in the laws above a certain critical value (use the field of
forging, which means certain conditions of production of
phenomena in nature and the model).

Reynolds similarity is Re>Re(m)critic the model, and

Re>Rel” )critic for real. It is assumed that for such values of

Re number, density and temperature flow field are much
higher flux density of matter and temperature caused by
molecular diffusion. This hypothesis is to remove the
similarity of mass and heat Peclet's (used hydraulic
distortion, which means a waiver of the conditions of
similarity in the area where it does not influence the shape
of the phenomenon).

If the model will work at constant temperature
(Archimedean condition is removed), then the remaining
dimensionless groups will be (completely determined way
phenomenon):

2
1 i(@j S VA RPN Y R
Po oc 0 gA Sl D_D2
g S0_D 50 6) 2L
Se D-D;” D’ Po

Ensure cinematic similarity requires Reynolds conditions
in addition to the actual layout and where and the
conditions of geometric similarity [22], [23]:

So (r) (S (m) (S0 (r) S0 (m)
Se Se ’ Sl Sl
The similarities noted above (3), (4) and (5) are equivalent,

and so keeping the equality of real and model is reduced to
dimensionless groups:
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0

The latter system consists of five dimensionless groups,
determine the full deployment of the phenomenon of
recirculation, without the need of the whole set of
equations and conditions written at the beginning of the
paragraph.

E. Results. The question is: what values are climate
variables in model, if you use water as a carrier fluid
(clean)?

For an actual configuration of a site (Fig. 2), scale
layout will be (for a scale factor K=20): AM=140 mm-
height layout; 4 (")=260 mm - length layout; 4 (M=180
mm - width layouts.

j(r)

From the condition of similarity (e)
SOl
pollutant flows will result (Dl(m)=0.5 l.min_l), and the
carrier fluid (D("7)=6.71 1.min_l). Condition (b) Froude

number similarity requires that the model is equal to the
Froude number for real

D-D,
D

D-D,
D

vy o _(D-D)"

yim
r = 0 r
gd) g™ s

=0514ms™",

v .
v(()m) =0 —0.115ms” s
K

.
where, (D-Dl)(m)=6.21 Lmin , resulting from the

condition of similarity (b). It must be met the condition of
similarity both real and model case (c). Reynolds number if
the model is real and 96000, respectively 16,100. To

calculate the ratio a—p , which appears in similar condition
c
(a). There are two situations.

Poo, =190 . 5200

D=0,2m 35"
204
#n ¢ CC o =5mg.l_I
2
aer ij .
poluant:  ar + CO,
Dr 0015 mYs
Fig. 2: Dimensions in [mm)], the actual configuration of a
room.

1) If the pollutant is a gas mixture between a carrier
fluid and an indicator of pollutant toxic (non-reactive
mixture).
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To determine the density p(c) concentration when the

fluid index is ¢ [g.I"!], will be considered: one liter of
pollutant consisting of a mass of toxicity indicator p;, and a
carrier fluid with mass of p o

Noting with v, specific volume occupied by toxic

indicator, the resulting mass balance equation [20]

ple)=po(l-1)+p 11,

c
[1——J+c.
" P

where:
¢
p1=—=p(c)=po
By derivation with respect to concentration ¢, resulting

Po
P1

relationship for calculating final ? =1-— that can be

c

used when the pollutant is a gas mixture.
-1

2) If the pollutant is an aqueous solution. If ¢[g.l ], is

the concentration of a weak aqueous solution, then it is
allowed the relationship

p(c): a(l + bc),

where, through differentiation with respect to concentration
¢, is obtained
P _

ab,
oc

with a and b coefficients of proportionality. If the pollutant
is a salt water solution as the previous relationship, is

obtained @ =0.693.
oc

Since the imposition of similar condition (a)

(r) o\
1- j :0.693[—1j ,
Po

resulting value of the concentration of pollutants in the
model (¢ M=2.13 g ).

To simulate the phenomenon of recirculation, was
chosen for the carrier fluid, pure water and the salt water
pollutant (H20+KC1), with mass of 0.9996 g.l'1 and the

!

[

Po

Po
pC02

temperature 20 0C, obtained
(m)
(&J ~1.0014, (ﬂ
Po Po

ITII. DESCRIPTION OF EXPERIMENTAL FACILITY

()
J =1.0015.

Using electrochemical metrology for measuring the
variables of site required the use of nonmetalic materials
for discharge pipes, exhaust, etc. layout [18].

The assembly of experimental facility is outlined in
Fig.3. A flow of pure water, which contains a reservoir
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REIl, a electric pump P2, with the discharge pipe of a tap
R2 and CR2 AP watermeter used to measure water flow. A
circuit saltwater tank containing a RE4, equipped with a
tap R4 type all or nothing (open valve correspond to the
time of introduction of pollutant in the model, triggering
signal acquisition).

b)
Fig. 3: Experimental installation: a) basic view b) outlined.

Fluid flow model is performed in the tank falls, the
flow rate achieved by dropping the same as they flow
submersible pump P3 electric pump R3 valve open. A
second flow of pure water, each time allowing the
replacement of salt water flow with a flow of pure water.

The circuit is composed of submersible electric pump
P3 provided by CR3 discharge pipe valve R3. Rectangular
tank (aquarium type) with constant level entrance equipped
with a device management agent work, it can be replaced
when the pure water (tap R3’), where the salt water (R4) A
discharge circuit containing a P1 electric pump circuit
identical to that of pure water, with the discharge pipe CR1
a tap R1. Simplified model corresponds to the pattern of
air-conditioned enclosure part (Fig.4). Measurements are
performed in median. Disturbance generated by placing the
probe in the electrolyte is neglected and the signal from the
conductometer is counted by a digital voltmeter [16].

For a scale factor equal to 20, following Reynolds
similarity is obtained by introducing a flow of fluid around
7,5 Lmin'!. As the allure concentration after a negative step
signal type tends asymptotically to zero (experimental
concentration evolution can not register in time forever)

will stop measuring time t:nTozn%, n>1. Flow
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1
D=7,5 l.Lmin", time constant T 0=52 s si n=4, During the
interruption will be 208.

¥ a
nodel height l I
fluid —&m
b= oltput /'l
- water :
s / pollutant et
eJ'— 130¢0,83)  —w , im— .
Tis * ' 260(1.88) , %

Fig. 4: The absolute values (in mm) and the normalized
coordinates (on height) of the model.

IV. MEASUREMENT OF CLIMATE VARIABLES
FROM THE PLANT

A. The principle of conductometer method. Where is
denoted by v, specific conductivity of electrolyte and its
concentration ¢, it was shown that for a weak solution of

0
potassium chloride (KCl), the temperature 20 C There is
relatively y=1,636- 1073 \_Q_lcm_lj. By applying a voltage
electrolyte (Fig. 5), the current through the circuit is
representative of the concentration of the electrodes.

The electrolyte can be characterized by parameter k,
defined as the product between the average strength of the
solution in volume measurement and its specific

conductivity k:Rylcm_lJ. It also shows that, 90% the
measured conductance comes from a volume measure

equal to 2,11.k‘3, surrounding the microelectrode.
Measuring system, consisting of an electric power source
E-microelectrode an electrode pair placed in a saline
solution, Ohm's law in the complex is

E=(Z+nNI=U,=rl=

is the

voltage at the terminals of the measuring device, [ is
currently travelling the circuit, Z is the impedance of all
electrode-electrolyte solution, having a complex value

J
2nfCp
where: f is frequency alternating signal, C, capacity is

where R is the resistance measuring device; U,

Z=R-

equivalent capacity C,C, arising between the electrodes
and solution (Fig.5b).

| L
| ! '—1CF|—[I1—'

a) b)
Fig. 5: Explanatory system of measurement used for
determining the concentration of: a) diagram of the system,
b) diagram of all electrode-electrolyte solution.

SOUrce

z
volage ]\
E
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Measuring current /, through the salt solution is carried out
through a conductometer hole. In practice, the measured
voltage is a rectified voltage as reactants value has an low

order of magnitude (= 103 Q), average resistance to saline
(le5 Q). Since the average resistance value of the

5
solution is approximately 5.10 Q (obtain |Z| ~R), and

the resistance value measuring device is much smaller than
the average strength of the solution (r<<R), voltage
measured U, is proportional to the concentration

E /E 3 1E
== U, =1,636-107 2
R+I"0 R k

It was studied the influence of the sampling period,
there were eliminated noise from transient concentration
curves (a math procedure), and were checked the quality of
results obtained in the stationary phase and using the
conductometer method [14], [19].

The conclusions were: a strong uncertainty in the
lower region of the layout (amended by measuring flow D
and D), and a relative uncertainty of the order of 5%, the
rest of the layout (once the location of measurement point),
in attempts to reproduce the measurements of phase, not
taken into account the uncertainty of measurement given
concentration at the bottom of the layout, which gave rise
to systematic errors, there is a strong uncertainty in the
evolution of concentration, because, first, the calculation is
made on a limited number (11), and secondly there was no
filtering to eliminate noise [12], [13].

B. The calibration of the concentration measurement
system. It has been done in two stages: the first corresponds
to probe-conductometer calibration unit, which allows the
concentration ¢, if known voltage value U, (Fig. 6a), and

the second step is to measure electrolyte parameter £,
where it determines the measure. Thus, knowing the value
of the device resistance R (680 Q), and replacing the
electrolyte solution through a resistor of value R, equal to
the average strength of the solution, we obtain the

measured blood U, :%, which are plotted in Fig.6b.

. E
Knowing report —, and product rE, can be parameter

-1
value electrolytic k. It has been obtained £=70 cm , and

volume measurement equal to 6,15.10 ’ cm . The
relationship between instantaneous concentration ¢
(Fig.6a), and measured voltage U in terms of a model is
linear c=aU0+b. Noting the average concentration of the

J— n
fluid discharged by ¢, = 1 2z ¢, (tl-), its associated medium
ni=l1

voltage (measured at the pump discharge outlet P2)
withU., and average voltage measured in pure water (the

concentration is zero) with Uy, then for calculating the
concentration at a point in the model results
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Ee:aae+b and 0:a51+b:>_i:M.
Ce Ue—Ul

Tensions U si U, should be measured regularly because
the probe response time varies. Complete determination of
the error was not possible. As such were made the
following assumptions: the error is negligible because the
probe positioning, probe does not disrupt the flow of fluid
in the model [17].

Uy [¥]

SR S I —
0,2 04 06 g ¢ el 0 05 10 15.05RIE)
Fig. 6: Approximative curves used for calibrating of the
concentration.

V. HYDRAULIC MODELLING OF THE
PHENOMENON

A. Getting deterministic test signals. On the
experimental application of an impulse response is difficult
to obtain, whereas fluid placed in a very short time, but
enough to be detected with good precision the
concentration [1].

Step signals are obtained by applying a flow of fluid
into experimental model, and allow pure water is
monitoring developments or model of salted water.
Applying a positive step signal experimental fluid means:

- At time =0, is inserted into water will circulate in the
layout a constant flow of fluid (pure water indicate
progress), opening the valve R3' whit R4 valve closed.

- At time ¢ <0, the pollutant is simulated by pure water.

The open valve R3' and R4 open the valve. At time
=0, is replaced by pure water flow through an equivalent
flow of salt water, the flow dynamics will be affected but
only the distribution of concentrations (salt water) will
evolve. Applying a negative step signal experimental fluid
means:

- At time =0, stop the fluid injection experiment (pure
water) in water entering the model. Close the valve R3'.

- At time =0, the flow of salt water is replaced by an
equivalent flow of pure water, moving only the distribution
of concentrations. Close the valve opens the valve R4 and
R3".

LI I ¢ : :
' 0'5}[”"""] : : ] p=Yo [/mid]

0,8 - R I D, : :
06 1% R I h6l-
0,44ty Frooomodnnnooa booonnad e 0.4
0,27 gy G VTSeT TR RESLERE
0 ‘ ; ; 0

0 5 1m 158 20 =)

a)
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...........................

Co- pasiti?fe step
G, - negative step

1-tp

C. =

_nllnl

=)

Fig.7: Approximate shape of the system response for
application of positive and negative step signal of pure
water.

Cy — positive step When applying a step signal of pure
water were represented (Fig.7), for three flow regimes,
such forms of response signals a positive step (cp) and
negative (cy), measured at the exit fluid the suction pipe
CALl. When applying a step signal saltwater (pollutant) is
not possible to study the response signal from the stage of
pollutant emission section, the pollutant is transported only
if the fluid emitted carrier (pure water) has a thickness of
order of millimeters.

B. Checking the assumption of approximating the fluid
flow model with a linear system. It showed that one of the
conditions that allow fluid flow approximation with a
linear system refers to the experimental flow brought clean
water, which must not interfere with the overall dynamics
of the flow (it must be constant as the flow D).
Concentration ¢(f) can be considered as response to a signal
x(?), which is applied to the entry of a linear system F (Fig.
8a).

© . R \
¥ Fie HFCz Fq:c o
! 1+ e
Linear 0F _3“‘ L
Svstem 1 : :
JR—- b, —» - '
04 —---w -2 FEopd-- b --- -
) F d=Futy | T !
oz —--II-!.--E ----- F----a-Sm--r-
. 11 : : .
D|=D,115|_r_'r1_rl'| oo o L
=7 o Limin I ! T

O =0 40 B g1 e
a) b)

Fig.8: Explanatory Notes on the approximation of a linear
system: a) defining a linear system, b) concentration
contour shape for property verification of superposition,
where D is brought pure water flow and D is the flow of

salt water exits.

Of the three properties characteristic of a linear system:
a) the property of superposition [2], [3]

Flaae)+ealo)]= Fle )+ Flea o))
b) the proportionality property F [koc(t)] =koF [c(t)] ;

c) the property of translational invariance by temporal

Flkyclt Flclt . .
[Oc( )]: [c( )] , experimental system is enough to
koc(t) c(t)
check only the first two.

To verify the first property (Fig.8b), experimental
system configuration is the following:
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- Insert an instant flow of pure water with concentrations ¢;
and vertical profile of concentration traces normalized
concentration through out F(c;); allure concentration F(c;)
decreases from =24 s, repeat the previous operation,
introducing the time =24 s a new flow of pure water with
concentrations c¢; and vertical profile of concentration
traces normalized F(c,) + F(c));
- To introduce a flow of pure water instantly concentration
2c¢;, and assigns the vertical concentration profile
normalized by the concentration of exit F(c; + ¢1).

There is a satisfactory overlap of the curves F(ci+cy)
and F(c1)+F(c;). To verify the second plroperty, the system

- 1
configuration is as follows: c1=0,65 gl , c2=kocl=2,5 gl

D=7,5Lmin’, D =0,3 Lmin .

They have been drawn the vertical profiles of the
concentration normalized by the exit concentration (Fig.10)
upstream of the first profile is the emission slit flow of pure
water (Fig. 9a), and the next downstream (Fig. 9b).

D1=0,3 lmin

«ci=0,65 g/l
D=7 .5 limin

»=2 50/

b)

Fig.9: Approximate shape of concentration curves for
verifying ownership of proportionality: a) upstream

transmission slot, b) downstream of the emission slit.

There is a good overlap of normalized concentrations
profiles. It also notes the existence of significant deviations
downstream of introducing pure water surface (the first two
values of the profile Fig. 10b).

The results were obtained spreadsheet and then
plotted in both cases. Similarity in a fluid flow chamber
with an air-conditioned linear system, using the input
signals of fluid experimental stage, seems to be a reliable
method to characterize the air conditioning on site.

C. Influence of reynolds number on flow in the model
(disturbance on the process). Knowing the concentration
distribution function of Reynolds number provides
information on proper disposal of pollutant in the model
(indicate the area where the pollutant comes). Different
flow regimes and thus different values of Reynolds number
are obtained for different positions of the valve R2.

Results in stationary regime. He studied the
evolution of concentrations in a median of five values as
the Reynolds number: 6920, 12960, 19440, 25930, 44070.
Results obtained in steady, indicating two types of
configurations: Re=6920 (Fig.10) si 12960<Re<54440
(Fig.11, Fig.12). For the Reynolds number equal to 6920,
approximately vertical profile of concentration has two
features.
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a) Plan of action is located upstream of the surface
emission of pollutant (0.0036 < x* <0.36).

In this situation, first normalized concentration is low
(c*=0.05), then salt abruptly to a value close to 1 (the
concentration becomes uniform on site, the same value
with the exit of the site).

b) action plan is in the range: 0.71 <x* < 1.82. In the
beginning, has high levels normalized concentration (c*
=10), then decreases rapidly.

C, Cx

Rei= 630}
B O A S el L R T R
0.8 {RezguzN g : by w14 |
.- W= EEID35 : }{1:51‘5?

# =036

067

0,477

0,277
00y i i 0 i { i i
A1} 0,2 04 08 0,8 ¥ 00 02 0.4 0.6 0.8 ¥
Fig.10: The approximative vertical profile of the
concentrations.

The peculiarity of this configuration is that two types
of profiles are concentrations of a side surface of the
pollutant emission located at x'=0.929. It highlights the
absence of convection (movement of whole particles fluid
upward dynamic in nature) in the emission of pollutant
molecular diffusion provides pollutant transport, so that the
influence of water flow is not showing. It was noted, in
terms of concentration Profiled appearance of stratification
phenomenon, because the difference between fluid density
and pollutant carrier (which is the order of 2 g.I™).

Resuming experience, and using coloured water to
simulate pollutant (whose density is very close to that of
pure water), it was observed that the stratification

phenomenon disappeared.

For Reynolds numbers within the range (12960 ...
44070), Profiled normalized concentrations (Fig.11 and
Fig.12), taking into account the measurement uncertainty
due to become independent of Re.

Re = 12960
Re 413940
TUWUREYI5TTET

i Re =:440?45

op

Fig.11: Approximately vertical profile of normalized
concentrations upstream the slot of the pollutant emission.
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mRe= 12960 :

----------------------------------

------------------------------

:

0,8 Y

0.g

0o 02 04 06

Fig.12: About the vertical profile concentrations
downstream of the pollutant emission slot.

VI. HYDRAULIC SIMULATION

A. Results in phase. If the concentration and fluid
velocity is decomposed into a sum of an average part and a

fluctuating ¢ =c+ c',vi =v+ v; and if density effects are

neglected, and assumes an isotropic turbulence, where
molecular diffusion equation (2) becomes
dc

[a—J

The dimensionless variables, highlighting the indirect
_ i v_l

jvit ==t X

Vo !

dc - 0c 0
—+Vi—=—
ot Ox; Ox;

(6)

Xj

:A_O’

T

. ¢
method of analysis ¢cx == ;

Ce e

where: ¢, is the mean concentration of fluid in the fluid
extracted experimentally, t,age carrier fluid extract, v, is

the  horizontal velocity of the fluid carrier
introduced 4, = vyt, is the length of the layout. Previous

equation arises as dimensionless

Oc Oc 0 B Ocx
ot 0 Bxe Orx| i, O @)
* xi* xi* V()Te xi*
. . ocx«
Assuming a steady concentration of Py =0, and
3

assuming that the phenomenon of diffusion is independent
of time, we obtain :

Ocx 0 B ocx
v

.* =
! 6x_* 6x,* v%’[ 8x,*
i i e i

If an identical flow, both for speed and average

the

concentrations, report is independent of

Vo Te
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Reynolds number, which implies, if one takes into account
the equation (7), a normalized concentration cx(¢)
independent of Reynolds number values. Integrating
equation (6) with respect to time, where the flow is

stationary for speed, we obtain:
o (., ac
di=[ —|B—dt (8
Jo 6xl~( 6xin ®

w0C oo 0Oclt)
—dt+ [ vi
o5l viy
Assuming that at time =0, the signal a negative step
experimental fluid (indicator), equation (8) will take the
form:

1

_c(o)+;,.aixi [edi =2

OB (edt |, o, if
ox; | x;
account is taken of how to define the internal age of the
experimental fluid t; = %O)J'SO E(t}z’t , then
c

;im}:i{Bm}]

- c(0)+

X axl' axl'

The normalization is obtained

oleryes) o[ 5 oke(0)s] |

—Cx (O)+ Vi* ax.*
1

©

6xl~ V(%Te axi*

If the flow is identical (similar) for speed and average
concentrations of equation (9) is inferred that when the
flow rate is independent of input v, fluid carrier and the

product ¢, (0)7 ,, (or aget ) is independent of Reynolds
1

number. So, if a flow is similar to average speed and

. c|t T;
concentration, then reports —|— and —are
Ce \ Te T,
. T
independent of Reynolds number. If the report —-, is
e

independent of Reynolds number means that the same

)

degree report is independent of Reynolds number.

F
i > s T’P and =
Te)m (Te)m Ce(O)

pass in Table 1 (indices m, F and P are reference to the
measured values of fresh fluid and pollutant).

Te

c
and will

It will calculate reports (

Tab.1: Reynolds number influence on climate variables
from the plant.

Re < F> P -
T; Ti <C>
e A
6.920. 0,95 0,84 0,94
12.960. 0,94 0,84 0,87
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19.440. 0,98 0,88 0,91

25.930. 0,98 0,90 0,88

35.000. 0,98 0,88 0,91

44.070. 0,97 0,77 0,87

54.440. 0,96 0,72 0,86
Figure 13 compares the evolution of transient curves
-F P

ce(t) 4 celt)
(0) (0)

-F -P
Ce

is a fairly good overlap of curves for a number Re, between
25930 and 55440. However, the distribution of
concentration allowed the definition of three regions.

The first region corresponds to the entry area of the
fluid carrier in the model, and is characterized by a low
concentration (less polluting). The outline of this region is
the first moments of the inferior wall layout, after which
the right of the pollutant emission surface rises slightly
(Fig.14).

The second region corresponds to an expansion of the
area of pollution, building on the surface of pollutant
emission, and is characterized by high pollutant
concentration values. Therefore, in this region influence
pollutant introduced fluid is more apparent. You can not
know exactly where the substance transport is by diffusion
or convection.

The third region is characterized by a concentration of
values about equal to 1, and represents a substantial
amount of makeup. If it is desired to distinguish the
specific flow inside the layout, will be considered internal
age (life) of fluids.

B. Estimating the efficiency of air conditioning with
internal age. Age study internal fluids (pure water and salt
water) the model is necessary for several reasons.

1) For the Reynolds numbers within the range [12960,
44070], it was seen that there is a region where the
concentration is normalized around the value 1. Just study
the internal age will allow to discern certain sub-regions
within the layout of different qualities of air.

2) The results obtained have shown steady if the
process of pollution in the region was of type 2 convection
or diffusion, internal age of the fluid can provide such

and for different Reynolds numbers. There

information. For flows D=7,5 L. min and D]:O,45 l.min_l,

measurements were made for the 13 points as the model:
13 for fluid carrier, and 13 for fluid pollutant.

The first points are located at the bottom of the layout
(measuring points 1, 2, 3 and 4-n upstream and
downstream of the pollutant emission area), and
corresponding work area where people are. The following
three points are located at half height layout (measuring
points 6, 7 and 8), corresponding to the area where it is
assumed that the pollutant would accumulate.

The following three points at the top of the layout (the
points of measurement 10, 11 and 12), corresponding area
in which may be a fluid recirculation. The last three points
are located at corners layout (5 measuring points and 9),
and out of fluid model (point of measurement 13). A brief
analysis, the concentration values and the values of internal
age site provides some information on the phenomenon of
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recirculation.

Lower values of the internal age 2 (Fig. 13), shows
that the process of pollution in this area is not molecular
diffusion. There is a clear link between the internal age
distribution and distribution levels. For example,
measuring points 1, 2 and 3 belonging to regions 1, are
characterized by low internal fluid of age carrier (clean), on
the contrary, the point of measure 4, which is characterized
by a low internal age of the fluid carrier is part of Region 2.

127 : T 12 -
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Fig.13: Answer some of the strengths (out of the model) to
apply a negative step signal experimental fluid (pure water)
at the entrance.
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Fig.14: Position measuring points and regions, approximate
values of age internal fluid model are normalized by
ageT,.

The same is observed when measured internal age of
pollutant measuring points 2 and 10, belonging to different
regions, have little difference whether their age is measured
pollutant. In region 3, characterized by an important
amount of fluid around a normalized concentration values
1, we see variations in the internal age, it is possible that
points 7 and 3 have nothing in common, if it takes into
account only their concentration.

The best percentage of discharges is located in the
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downstream region of the pollutant emission surface
(points 4 and 5) and the least good in paragraphs 1, 2, 3, 6,
7 and 9. Normalized concentration values ¢« are very close
to the ratio of internal age of the fluid carrier and the
internal age of the pollutant (Fig. 15).

=)
0% o 0 ()
% @f; 114 =
i _m e
@ 1z @ & o
2 =2 & ®m o
@ (s1) @54 @ ® ®'e2 1?D®
m=1m—f; o ome=100c, ?
T

Fig.15: ”ll"he analogy between direct and indirect
measurement method.

Study internal age and pollutant carrier fluid can give an
idea of the trajectory of these fluids on site.

C. The approximate trajectory of the fluid carrier. In
the event that no diffusion occurs, the link between the
concept of trajectory of the fluid and its internal age is
determined assuming that two successive positions of the
test response signal (impulse, step) applied at the input are
characterized by increasing internal age. If it is assumed
that a point of bifurcation occurs chamber fluid trajectory,
then increase the internal age will be a distinct directions.

The lesser of the internal age is obtained in paragraph
1 of measurement, which is closest to the entrance and
fresh fluid model. If convection were the only transport
process between the entry and exit model, where internal
age would be very close to zero. Arguably, the carrier fluid
to reach the entry model to the point 1, in addition to
convection and uses another method (diffusion).

The route will pass carrier fluid after the measuring
points 2, 3, 4, 5. Then, statistically speaking right wall of
the layout is fluid and fork on top of it, a part of the fluid is
evacuated, and another part is recycled along the upper
wall. It is difficult to make a connection between
measuring point and the other 8 points (for example, points
near 8 namely 7 and 12, or 7 and 4), whereas no internal
age decreasing. It may, however, say that between 5 and 13
points as a fork because there is diffusion. With the
departure point 10, the fluid carrier meets successive
paragraphs 6 and 7, Section 9 appears to have reached the
beginning of a fork, which are in the section 10 (Fig.16).

—

Fig.16: Approximate trajectory of the fluid carrier (clean)
the model.
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To establish the approximate trajectory of pollutant
experimental fluid is introduced through the surface
emission models, spreading it on site. The first point is the
extent of pollutant reached 4 and will then, as things take
place as in the case of clean fluid.

The strong analogy between the path of the pollutant
and the fluid is clean because the area of emission of
pollutant is located in a carrier fluid circulated enough
(clean). Therefore, for an overall comparison of the
trajectories of clean fluid (carrier) and the pollutant, the
study sees a need for a future that would change the
position of the pollutant emission. Moreover, without
precise knowledge of flow dynamics, we can not say
anything about internal ages of pollutant at the point of

Measure 3 and 4 (t/ (3) and i (4)), starting from the only

knowledge about internal ages fluid clean (t/ (3) and

o (4)).

D. Estimating the quality of air conditioning in the
model. It can be assumed that the area occupied by diluting
the concentration of staff is not optimal, since the fluid
recirculation inside the enclosure has the effect of pollution
carrier fluid before being refreshed (see the point of
measurement internal ages 3 and 4). A necessary criterion
of a good air conditioning, which takes into account the
behaviour and pollutant carrier fluid, such as their path
does not meet the input of staff employed. Starting from
the criteria of efficiency can be characterized cooling.

If the layout (Fig.17), criteria of effectiveness in a
given area of model (local), the carrier fluid and pollutants

will be
F _
F ) G
F ~(\.P
T c(0)r;
73
_ 93
63 i @;jj @fé‘ 10 )
23]
T
() & D= e
11 it 119 oy
. CD 108 ®11D® 5 ®114 93®
HHH=100 <i§‘> T noe 100 —T‘;—D'_L@—

o T
Fig.17: Approximate values of local efficiency criteria
model.

Earlier it was hypothesized that the behaviour of the
pollutant is similar to that of carrier fluid. So pollutant
behaviour is identical to paragraphs 2 and 4.

Representing transit times t;. (corresponding to the
time required for the influence of the step signal to start is
showing), obtained when determining the approximate

trajectory of the fluid carrier and the pollutant (Fig.18), it is
noted that the criterion values rlF are particularly good as

the transit time of carrier fluid ttrF is lower.
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Fig.18: Approximate values of transit times in the model.

In contrast, changes in values of & not follow that the
values of transit times for pollutant ttrP, and because it can

provide that pollutant dilution will be less good in
paragraph 4 of the layout than in paragraph 2.

E. Estimating the efficiency of air conditioning with
refresh rates and escape. By applying negative fluid
signals exploratory stage (when saltwater F, the water pure
P) at time t=0, and representing different points of
measurement for response (given the natural logarithm of
the ratio of instantaneous concentration ¢ (t) of fluid
applied experimentally and concentration in the exhaust
c.), will distinguish two types of evolution of
concentration.

The first type of development is manifested by a rapid
decrease in the concentration (in a short period of time),
represented by Fig.19 with arrows, followed by a slower
decrease. In this case there are points of measurement 1
(F), 10 (F and P) and 13 (F and P). As a result, the curve
illustrating the evolution of concentration at negative step
signal can be decomposed into two line segments.

The second type of evolution of the concentration
can be compared to a single line segment, points 1 (P), 7 (F
and P). If a; and B, has slopes of the first and second line
segment, then the time constants 7T | and T ) and normalized

by the measured value of age carrier fluid extract

() Ix = lOOL , will move in Tab.2.
! (Te‘ )m
Calculating the ratio of standard deviation 0(?2*):

G(?Z): %él(sz _T=2)2 ’

the 13 points of measurement (n=1..13), and their statistical

_1

= n —
average defined by the relationship 72 =— > T2, where

n j-1

T is the mean, dispersion is assessed by 7 )

=F =P
o| Tox o| Tox
—=ﬂ=4,4% and —:9’—64:8,1% ,

=F 130 =P 119
T o T o

and concludes that the II part of the curve depends very
least to the point of measurement chosen. It is noted that,

F P
T1 varies between 11,8 and 128, and that T1 varies

between 8, 4 and 127. As a result, the value of T I is
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closely related to the point at which the measurement and
reflects a property of flow.
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Fig.19: Logarithm of response to negative step signal at
different points.

" i w10

F. The average national life. In Tab.3 are given and
compared the values of average lifetime internal tab.1.4
calculated using the values of the relationship:

-1
T1+(T2-T1)exp(—TO.T 1),
with the value derived from steady concentration:
_n
At=Ti+(l-T)e T
the last value is deducted directly by expressions:

Ac=L (fc(t)dt ,

€0 ¢
where, c(f) is the response to negative step and t is time
from beginning to be felt signal (to decrease the
concentration curve shape).

Values of At (second column of Tab.3), deducted
from the amount of steady concentration, and those
obtained by the relationship 7' +(7-T Dexp(-T,.T 11) (last
column of Tab.3), not always close.

G. The efficiency of air conditioning. For a flow, is
calculated to express the efficiency of air conditioning
reports (Fig. 20),
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1 1
ATF — t* ATP _ t*
Te At Te AP
t t

t . . .
where, t~ =— age is normalized value of the internal
e

F P
signal and At and At internal living environments are

times when the signal is applied as a negative step, F salt
water, pure water that P.

Tab.2: Approximate values of time constants at different
points of measurement.

Experimental fluid |Entry saltwater Login pure water

injection site

Time constants T, «F T2*F T, £ TPZ*

Points of

measurement

1 11,8 134 122 122

2 18,3 140 125 125

3 17,0 138 127 127

4 20,2 138 8,4 112

5 34,7 129 15,2 122

6 128 128 114 114

7 127 127 116 116

8 80,6 127 60,5 113

9 122 122 126 126

10 62,0 131 45,0 142

11 51,2 128 32,6 103

12 38,8 122 31,0 116

13 30,2 131 27,1 113

Tab.3: The average length of the inner life of concentration
response to negative step signal.

Experimen| F P F P
tal Fluid
Nr. points At [s] T\ (T, -T; Jexp (-TO.Tll ) [s]
1 53 75 54 79
2 57 75 63 80
3 58 80 61 82
4 56 26,5 61 27,3
5 52 31 56 34,6
6 70 68 82 73
7 79 75 82 75
8 74 70 76 70
9 73 80 79 81
10 69 72 71 77
11 70 56 73 57
12 69 57 69 60
13 61 55 63 59
L |@F . (1 —
122 ) @ = (11} = (12) ‘-fg e
normalized
riffech mtes
N 6) = Oy @ =
ummalized
whict mites o~ im . ikl

T

Fig.20: Approximate values of refresh rates and exhausts.
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For an efficient air conditioning (in the occupation),
t«

A
they have value: enlarge the bottom of the layout; around
in the top of the layout (paragraphs 10, 11, 12), the same
value in regions where domestic ages are higher
(paragraphs 6, 7 and 9).

refresh rates 100

, must be close to 100. It notes that

tx
The best percentage of escape IOO—P, are located
At

in the downstream region of the surface emission of
pollutant (items 4 and 5) and the least good in paragraphs
1,2,3,6,7and 9.

H. Results of experimentally recirculation phenomenon.

di [1 B f':i((o))]
@ (Fig.21),

observed that in all cases, time of occurrence of the first
peak, all curves, is around values of 0.12 s.

Overlapping impulse response curves

normalized with respect to time f =

o1

, Re=12060

O Re=12440

o R o Re=25330

/E\D\c\ E/D\DM Re=35000
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Fig.21: The answer about the momentum out of the model
for different flow regimes.

VII. CONCLUSIONS

Variables that can be controlled experimental facility
are: the flow of fluid evacuated, placing the fluid flow
indicator, the fluid temperature and the positioning of
conductometer probe. Measurement of these variables is
affected by errors.

The disadvantages of the installation are caused by
working in open circuit. On the other hand, is observed
during the work of moving air bubbles to the top of the
layout (to resume the measurements to a new steady, must
wait until their disappearance). Identification operations
took place in time. For the model to have a behaviour as
close to the process (the error between model and process
that appears to be the smallest), mean squared error was
used.

The parameters obtained are optimal, as they result
from minimizing an error criterion. The results show that
applying a negative step signal of pure water disrupts the
flow of the model less than being a positive step saltwater
signal (this is why that step is preferred using negative
fluid signals, and simulate the phenomenon choosing to
pollutant pure water). On the one hand, we see that it is
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more advantageous application of a negative step signal
(response is closest to a perfect step response signal), and
on the other hand, observed that the stabilization of two-
dimensional flow is faster when you used to simulate
pollutant pure water than salt water.

The determination of internal age carrier fluid and
fluid path allows to estimate pollutant and pollutant carrier,
in addition, the area alleged to be occupied by staff, the
fluid is characterized by low levels of internal age, the
more so as there is likelihood the fluid entered the site to be
clean. Indirect method allows only a qualitative assessment
of air conditioning, which is fundamental to understanding
how different fluids (fluids and fluid carrier pollutant) are
transported within an inside. Age law permits to have an
idea (quality), the approximate trajectory of the fluid within
premises. It has been seen that it would be convenient to
characterize the quality of extracting the pollutant by a
criterion that is to occur during transit rather than internal
age.

The experimental results show that after a negative
step signal fluid experimental log linear response decreases
after a certain time. Furthermore the slope line is
independent first point of measurement and on the other
hand the place of emission of the indicator. It was also
established that can characterize the response to negative
step signal with the 3 values, which were used to express
the refresh rate of carrier fluid and pollutant discharge. As
a result, air quality can be characterized starting from the
knowledge values decreasing slopes of concentration
response at different points in the room, when applying a
negative step signal type.

The evolution of refresh rates and exhaust values is
consistent with information derived from knowledge of the
internal age of the fluid.
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