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CO, contaminant removal in ventilated cavities

J. Serrano-Arellarfs, M. Gijon-Riverd, J.M. RiescdAvila®, J. Xanarf, and G AlvareZ
“Departamento de Ingeniier Mednica, Universidad de Guanajuato,
Carretera Salamanca-Valle de Santiago Km 3.5+1.8. Comunidad de Palo Blanco, Salamanca, Gto. C.P. #&8b, M
*Tecnobgico de Monterrey Campus Puebla,
Via Atlixcayotl 2301, Reserva Territorial Atlixcayotl, Puebla, Puebla CP 72458xikb.
¢Centro Nacional de Investigami y Desarrollo Tecndlgico, CENIDET-DGEST-SEP,
Prol. Av. Palmira S/N. Col. Palmira. Cuernavaca, Morelos C.P. 62498xib.

Received 3 December 2013; accepted 4 June 2014

A theoretical study to determine an optimal configuration for removal a @Dtaminant from inside a room is presented. The geometry
considered was a 2D ventilated cavity in turbulent flow regime and solving the governing equations of mass, momentum and chemical sp
by the finite volume method. The interval of Reynolds number under studpwaske < 2.5 x 10*. The air inlet gap is located on the
lower side of vertical right wall of the cavity. Three configurations of the cavity varying the air outlet gap on vertical left wall were analysec
in the upper side (case A), in the middle side (case B), and in the lower side (case C). From the results, case A removed the most an
of contaminant from inside room for Be = 5 x 10*, which had an effect on energy savings. The lower levels of contaminant for higher
Reynolds numbers were obtained for the case B. The case C was the less desirable for contaminant removal purposes.
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1. Introduction room is thorough cavities with different configurations and
conditions. The ASHRAE norm [2] states the minimal re-
. quirements for having an acceptable air quality environment

Ventilation process might be defined as the result of the ing,jqe pyildings and this work try to be suitable with standard
tentional controlled introduction of outdoor air into occupied guidelines.

spaces through openings or gaps in the building envelope ) ) o

and it is the primary mechanism for removing contaminants  1om & literature review of ventilation systems and nu-
from within buildings produced by people, equipment angmerical applications, it was f_ound some study for cavmes
materials. For natural ventilation systems, the outdoor air i€S: [3] reported a numerical simulation of natural convection
driven towards the inside space due to temperature and prelé. Fectangular cavities; the study was developed for porous
sure differences. The ventilation effectiveness depends ofid free medium. The formulation of the study was presented
the size of inlets, air velocity, gaps locations, building ori- " terms of stream function an_d vorticity variable. Later, the
entation, etc. Natural ventilation is generally accompaniedUthors [4] presented a numerical study of the natural convec-
by mechanical ventilation, which allows a better control of iON in rectangular cavities by varying the aspect ratio. The
whole-building ventilation requirements. Ventilation processParameters that influenced the evolution of the flow were the

is closely related to the comfort level experienced by a perRayleigh number and the aspect ratio. From the results it
son. The comfort is a function of multiple variables such as*Vas found that the aspect ratio for different geometric values

air temperature, radiant temperature, humidity, air velocity(C 7 1) flows in horizontal cavities, especially G 1, flows
type of clothing, activity levels, etc. It is well known that un- &€ more active. Furthermore the maximum value find for
comfortable environments into buildings can lead to reducdlUsselt number was for an aspect ratio of G = 1/3.

the ability to concentrate and decrease motivation to work. Other several studies have been focused on building ven-
On the other hand, unhealthy spaces may cause diseases plitation modeled as cavitieg.g, [5] conducted a backward
duced by poor indoor air quality conditions [1]. The phe-time modeling of diffusion-convection pollutant dispersions
nomenon mentioned above is called sick building syndromén a three-dimensional slot ventilated building. The authors
and it is defined as a set of symptoms affecting occupantmvestigated the effects of supplying inlet velocity, pollutant
of buildings caused by the time spent in a building, but nosource location, diffusivity coefficient and pollutant releas-
specific illness or cause can be identified. These symptomiag time. Results showed that the accuracy of recovering
are: eyes, nose and throat irritation, headaches, colds, allgpollutant-releasing history reduces with the increasing inlet
gies, respiratory failures, among others. Human beings areelocity, due to the thinner mass boundary layer forms with
the most important source of GOnside buildings. There- the enhanced forced convection [6]. Carried out a numerical
fore, CQ, as working fluid is very important in thermal and study of laminar double-diffusive mixed convection in a ven-
air quality design. The traditional way to model a ventilatedtilated cavity. The governing equations were solved by the



310 J. SERRANO-ARELLANO, M. GION-RIVERA, J.M. RIESCOAVILA, J. XAM AN, AND G. ALVAREZ

Galerkin finite element method. The authors varied the theren the studied parameters. Recently, [14] conducted a numer-
mal Grashof numbers and results were presented in terms afal simulation to determinate the concentration distribution
streamlines, temperature and concentration distributions [7pf CO, in a three dimensional model. The results showed
Investigated a three-dimensional flow in a cavity using largethat the concentration of GQdownwind decreased with in-
eddy simulation (LES), the study included laminar and turbu-crement of wind speed. Over a period of time, the concen-
lent regimes Re = 3360). The results showed for the lam- tration of carbon dioxide indoor kept constant. And vents or
inar inflow, that the flow becomes unstable but remains lamforced draft should be set to decrease the concentration of
inar as it is convected over the cavity. For turbulent inflow,carbon dioxide [15]. Reported a numerical study for design
the fluctuation of the shear layer on top of the cavity by theof ventilation system to prevent the risk of spreading infec-
incoming near-wall coherent structures strongly influencegions. The authors analyzed the influence of the positions of
the formation and convection of eddies inside the separatetthe air inlets. There were employed tree indices; quantify the
shear layer [8]. Conducted a numerical simulation of heatapacity to renew the air, remove a contaminant and the risk
and mass transfer in a ventilated cavity for nonstationary regef airborne infection. The results showed that the position of
imen and conductive walls. The intervals of the study werehe air inlets and outlets has a great influence on the quality
Ra = 10* —10% and Re = 200. Results showed that thermal of the ventilation. The type of air diffuser has a notable influ-
radiation decreases the optical thickness of the medium, anehce on the air flow pattern and, therefore, on the likelihood
decreases the intensity of the heat exchange at the surfacedaffinfection or any other ventilation quality index. Finally,
the solid walls [9]. Performed a numerical procedure to evalthe authors concluded that one type of diffuser cannot be ex-
uate the emergency ventilation of contaminant and occupantsapolated to other ones [16]. Reported a tracer gas method
by using the efficiency factor of contaminant source to evalfor a multi-zone test building to determinate the distribution
uate (EFCS). The authors examine the effects of source l@f indoor air. The study focus two scenarios; how local heat
cations, ventilation modes and evacuation modes for optimaources can generate significant buoyancy driven flow and af-
ventilation strategies. The results showed that the EFCS corfiect indoor mixing during wind-driven cross ventilation. A
cept produce a reasonable way to evaluate the performance admputational fluid dynamic (CFD) model was developed for
emergency ventilation and that a system equipped with multhe test building. The authors found that while the inlet tem-
tiple ventilation modes was necessary since no universal vemperature and overall ventilation rate seem to have little effect
tilation mode can successfully mitigate all hazardous situaen air mixing generated by local buoyancy flow, the local heat
tions [10]. Conducted a numerical study of particles concenflux was found to significantly impact the indoor air distri-
tration in the air flow inside a room, for which they used threebution [17]. Proposed a method to identify the quasi-steady
models of turbulence: thle—c model, the re-normalizeld—¢ indoor contaminant point source using some limited steady
model (RNG) and the large eddy simulation (LES). The CFDmeasured concentration data, the authors take an illustrative
computational model was solved by using the FLUENT pro-case, the identification was fulfilled successfully. But, when
gram. The results were compared to those reported in litethe measurement error is considered, the method needs to be
ature. The authors concluded that the three models haveimproved for accuracy by increasing the number of the con-
good agreement with experimental data, but the best resuttentration measurement points (minimum 9 points when the
was obtained with the LES turbulence model [11]. Presentedoncentration measurement error is 10%). [18] monitored a
a 3-D numerical study to propose a uniform parameter: th€€O, concentration in a middle school to evaluate the indoor
integrated accessibility of contaminant source (IACS). Thisair quality and the ventilation rates in occupied classrooms.
parameter combines the accessibility of contaminant sourc€he results showed that the indoor £@oncentration ex-
(ACS) and occupied density (OD) to protect indoor environ-ceeded the 1500 ppm value [19]. Performed an experimental
ment. From the results, it was observed that, displacemernd a numerical study to introduce a new index of air distri-
ventilation was more effective than mixing ventilation [12]. bution. The index comprises parameters for assessing the in-
Performed a CFD study of a ventilated room to examine theloor thermal comfort and air quality in occupied space. This
characteristics of contaminated indoor air using the index oindex compared the performance of two ventilation systems
effectiveness of contaminant ventilation (IECV). The study(mixing ventilation and displacement ventilation). In gen-
analyzed different regions of inhalation for different posi- eral; the new index would be applicable to large spaces for
tions of the human body and showed that the region of inevaluation the performance of a ventilation system.

halation was greatly influenced by the rising stream of air  According to the literature review, it was not found a ven-
resulting from the heat generated by metabolic activity [13]tilation study for CQ contaminant removal in a configuration
Conducted a study of the influence of an occupied zone obas the proposed in the present study: three different contam-
struction level, air distribution method, air change rate, coolinant sources locations on walls and turbulent flow regime.
ing load and contaminant source. The results showed thdior this reason, this work aims to perform an analysis for
the parameters mentioned above have small influence on tl&0O, contaminant removal in a ventilated cavity in order to
design of the air distribution system; the non-uniform distri-determine the best configuration for indoor air quality pur-
bution of the contaminant sources had the biggest influencposes.
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FIGURE 1. Physical model of the ventilated cavity under study.
2. Physical and mathematical model Oui) _ 0 1)
31‘@
The physical model consists of a two dimensional rectangu-
; i o 0(pusu;) oP
lar cavity of4 x 3 m as shown in Fig. 1. The cavity is B T
ventilated through the lower side of the vertical wall with i T
air at a velocityUpnet = f(Re) and a CQ concentration 0 Ou; du;
Cinlet = 360 ppm. The inlet gap size is 0.3 m, which is the + o, K dx; H oz,
height considered in most air diffusers. The Air-£0ut-
let gap is located in three different positions on the left wall: — puiu; + pgiBe(C — Co) 2
upper, middle and lower part of the wall. Vertical walls are o(p0) 9 o0
considered with a lower contaminant concentratioi ) of QP 9 pD— — pu’.C’ (3)
839]- a$j &vj J

1000 ppm and the horizontal bottom wall is set at a higher
contaminant concentratiod'¢;) of 3000 ppm. The horizon-
tal upper wall is assumed to be impermeable. Due to theyhere the Reynolds stress tensprt) and the turbulent
CO, concentration differences among surfaces and the exte:, ;<5 flux vector {u/.C") can be approximated as:

rior surroundings, there is a concentration gradient producing J

the natural convection of the Air-COnixture inside the cav-

ity. Induced movement by natural convection and the forced — Ui ou; +g 15 @
convection produced by the opening airflow gap circulate the puitly = e ox; = Ox; 3P0
mixture inside the cavity to the outlet gap of the cavity. _
pg OC
puiCl = ——— (5)
2.1. Convective mathematical model Ser 0z

The mathematical model formulation is established takingyhere S¢; is the turbulent Schmidt number. The turbulent
into account the following considerations: non-slip conditionyijscosity (1,) can be related with the turbulent kinetic energy

at walls is valid (ZeI’O Velocity). The prOpertieS of the mixture (k) and the dissipation of turbulent kinetic energymrough
of Air-CO, were assumed constant, except for the density iRhe Kolmogorov-Prandtl equation:

the buoyancy force term in the momentum equations, accord-

ing to the Boussinesq approximation. The properties were )

evaluated at a reference concentratiof'ot= (Cy+Cc)/2. e = CH& (6)
The working fluid is modeled as a Newtonian fluid in a tur- €

bulent regime. The mathematical model is expressed by the

steady state governing equations of mass, momentum arwhereC,, is a constant. The turbulent kinetic energy and the
chemical species in primitive variables of an incompressiblegurbulent dissipation of kinetic energy can be obtained using
fluid, as follows: its corresponding transport equations:
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d(puik 0 ok i ion-diffusion:
(puik) 4 4+ Pu+Gy—pe (7) 9eneral equation of convection-diffusion:
Ox; ox; o) Ox;

0 0 0
d(puie) 0 pe\ Oe 9y, (Pus®) = 5 - (Fax> + 5y (10)
= n+ — J J J
Oz; Oz; o: ) Ox;
) The integration of Eq. (10) over the corresponding finite
+Ca[Py + CESGk’]E _ Cﬂﬁ 8 yolume and su_bstitu?ion of every term by discrgte valugs of
k k in the nodal points gives the following algebraic equation for

where P, and G}, are the sheer production of turbulence ki- €very nodal point:
netic energy and the buoyant production/destruction of turbu- _— i N n
lence kinetic energy respectively. The ¢ turbulence model apd, " = Z anp®nb" T + SpAV + p"AVey  (11)
defines the following variable€., = 1.44, C., = 1.92, nb
Ces = tanhlv/ul|, C, = 0.09, 0p = 1.0ando. = 1.3. A~ wheren y nb represent the number of iterations and the
ter defining the governing equations are established boundoefficients for neighbouring nodes respectively. The con-
ary conditions of the mathematical convective model. Thevective terms are formulated by the power law scheme and
mathematical boundary conditions for the fluid domain arediffusive terms by the central scheme. The coupling be-
as follow: velocity components on solid surfaces are zeraween momentum and continuity equations is made with the
(u = v = 0). The velocities at the air inlet gap are= uiner ~ SIMPLEC algorithm proposed by [23]. The algebraic equa-
Y vinlet = 0 and at the mixture outlet gapu/0n = 0 and  tions systems obtained with Eq. (11) are solved applying the
Ov/dn = 0, wheren is the normal vector in the flow direc- line by line method (LBL) with alternating direction implicit
tion. scheme (ADI). Moreover, under-relaxation is introduced us-
Boundary conditions for the chemical specie (O ing the false transient strategy to improve the convergence.
are C = Cinet and at the mixture outlet gaps we have The global convergence reflected in mass balance that applies
(0C/0n)=0. For boundaries interacting with the cavity, the to all control volumes. If the values in the mass balance for
contaminant concentration is assumed to be constafi;at every control volume as well as the residual values of the dif-
0 C¢, except on horizontal upper wall where the surfaceferent equations are sufficiently low, overall convergence is
is considered impermeable. Boundary conditions for theobtained (typicallyl0—®). The above convergence criterion
turbulent transporti — ¢) are k = 1.5(0.04uin;)>" and  assures an acceptable solution. The general procedure for
gint = (kint)%-°/(0.1H;) at the air inlet gap and at the air out- the numerical simulation can be summarized in the following
let gap are: @k /0n)=0y (0s/0n)=0. All solid surfaces are steps: (1) initial values are assumed for all variablgs( P,
subject to constant values of and as proposed by [20]. C...€). (2) The velocity-pressure.( v, P) were calculated
by the SIMPLEC algorithm. (3) With the new calculated val-
2.2. Overall ventilation effectiveness for contaminant ues of Ve|ocity’ the C@C()ncentration((]), the turbulent ki-
distribution ¢, netic energy k) and the dissipation of turbulent kinetic en-
ergy €) were obtained. A convergence criterion was applied
and the process was repeated iteratively until the convergence
was achieved. The accuracy of the numerical results was ver-
ified through a grid independence study. The mesh indepen-
dence study was carried out varying fromx8d1 to 121x 111
with 10 nodes increments on each axis. It was found an ad-
Coutlet — Cinlet ©) equate mesh for 111101 used in all cases considered be-
cause a maximum deviation of 1% for the variables between

The overall ventilation effectiveness for contaminant distri-
bution €. provides a quantitative index related to the way
in which contaminant is distributed all over inside the cav-
ity [21]. Defined this parameter as function of the following
variables:

“e Caverage_ Cinlet

where,Coutiet i the average contaminant concentration of themeshes 114101 and 12k 111 was observed.

mixture of Air- C.02 at the air OUt.Iet 9ap an@?verage'§ the 3.1. Validation and verification of numerical code
average contaminant concentration of the mixture inside the

cavity. Finally, Couet is the average contaminant concentra-|n order to validate the developed numerical code, the venti-

tion of the mixture at the air inlet gap. lated cavity under isothermal conditions and turbulent flow
regime reported by [24] was solved. The verification and
3. Numerical Procedure validation processes were presented by [25], with satisfac-

tory results. Furthermore, the verification process was com-
The governing equations described above are numericallgleted considering the problem published by [26] to perform
solved using the finite volume method developed by [22].a quantitative numerical comparison between solutions. The
The velocity components are calculated at a staggered grigroblem consists on a 2D rectangular cavity with several in-
while the scalar variables are calculated at the main grid (ndet/outlet configurations and different contaminant source lo-
staggered). In order to implement the numerical algorithmgations in laminar and turbulent flow regimes. The particular
the governing equations can be represented by the followingase of the top-top (TT) configuration in steady state was
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Case A Case B Case C

Re=0

Re=
5x102

Re=
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FIGURE 2. Vector field and streamlines as a function of the Reynolds number in the ventilated the cavity.

compared with the present study and results are shown in T&. Results and discussions

ble I. It can be appreciated that the final average concentra-

tion value for the case C had a maximum deviation of 1.4%Calculation results of the ventilated cavity with a mixture of

which indicates that the numerical code developed for this\ir-CO, are graphically presented in Figs. 2 and 3. The vary-

study, shows satisfactory results. ing parameters for this study are: (1) the inlet fluid velocity
(uinet), Which varied from 0 (closed cavity), 0.03, 0.05, 0.26,
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havior can be mainly explained because the flow entering and
TABLE |. Quantitative verification of the average ¢@oncentra-  leaving the cavity does not cause a significant alteration on
tion with different contaminant sources locations inside the cavity. the stratified fluid at almost the whole space of the cavity.
For aRe = 2 x 104, the flow pattern for configuration B

Contaminant Lage and Present Differences  has considerably changed with a main circular vortex arises

Source Location Bejan [26] Study % at the upper side of the cavity. In the case C, the two paral-

Case A 75 26 746 0.87 :C?I_;efclzlrcuI?tlonsdprﬁ;sent_ed at?otve teno_lt:]o dtlsapp_ear ar;d tthe
uid flows towards the air outlet gap without any importan

Case B 55.51 56.2 1.22 recirculation. Finally, forRe = 2.5 x 10 it can be seen how
Case C 47.91 41.2 14 case A has a tendency to reduce the recirculation at the upper
Case D 122.24 121.8 0.3 zone of the cavity, whereas cases B and C maintain a similar
Case E 73.16 73.2 0.05 behavior with regard to previous Reynolds numbers.

It can be note that the masslines for all Reynolds num-
0.52, 0.78, 1.04, 1.30 m/s, and their corresponding Reynoldgers have a qualitative similar behavior than streamlines and
number are 0 (closed cavity)x 102 1x 103, 5x 103, 1x10%,  they are shown in Fig. 3. For natural convectidte(= 0),

1.5 x 10%, 2 x 10%, and2.5 x 10* respectively; (2) location the mixture of Air-CQ is shaped by two recirculations in-
for the fluid outlet in the cavity, for this parameter three con-dicating their opposite direction of the mass flow. For a
figurations were considered: Case A (outlet aperture on th&e = 5 x 10% andRe = 1 x 10° a distorted flow is formed
upper side of the left wall), Case B (outlet aperture on thewith a lower intensity located at the left upper corner side of
middle side of the left wall) and Case C (outlet aperture orthe cavity for the three cases of study. When= 5x10° the

the bottom side of the left walll). intensity of mass flow tend to be more uniform and maintain
the fluid movement in a single clockwise direction. Also itis
4.1. Flow pattern results noticeable that for case C arftt = 2.5 x 10%, the mass flow

intensity is completely uniform with values of 180 in mag-

Vector field, streamlines, masslines and isoconcentration fanitude. In general, it can be observed that the direction of
different values of Re are shown next; all configurations weranass flow is defined by the forced convection as well as con-
considered with a lower concentration of 1000 pgfz:J on  cluding that the intensity contributes to have a more uniform
vertical walls and a higher concentration of 3000 ppm on thdlow. On the contrary, if the natural convection is presented,
horizontal bottom wall. the mass flow generates recirculations in opposite directions

The vector field and streamlines within the interval underwith different flow intensities in several zones inside the cav-
study are shown in Fig. 2. In general, it can be observedty.
that flow distribution of the Air-C@ mixture for Re = 0 are The Fig. 3 shows the behavior of isoconcentrations at the
generated by buoyancy forces producing concentration gradinside of the cavity. It can be observed that fokRa = 0,
ents. In this situation the flow pattern inside the cavity formssymmetrical recirculations are presented at two zones of the
two parallel vortexes vertically extended due to the naturatavity with maximum levels of contaminant concentration
convection generated by the impulse from the high concendue to the natural convection dominating the flow pattern. In
tration bottom wall towards each lower concentration verticalthis regard, the C@concentration levels are mostly uniform
wall. When natural convection prevails, the flow pattern is di-through the cavity and within the interval of 1958-1966 ppm.
vided into two symmetrical recirculation zones as an ideally When a forced flow is induced by the inlet aperture (in-
closed cavity. Instead, for Re valuesfiok 10% and1 x 103 let air velocity starts to be important), the isoconcentration
it can be clearly observed how forced convection starts to bpatterns are quasi parallel in horizontal direction in most of
relevant due to the inlet flow supplied through the gap aperthe cavity space for the three cases of study with slightly per-
ture which produces flow distortions inside the cavity. Theturbations near the horizontal bottom wall. The flow pattern
resulting flow patterns for cases A and B are very similar foris still driven by diffusion with lowest concentration values
both Re numbers with a recirculation at the lower side of theclosed to the lower horizontal wall, which is the zone where
cavity and irregular flow at the rest of the indoor space. Foithe mixture of clean air and lowest G@oncentration are
configuration C, the flow pattern generates two symmetricapresent. Foize = 5 x 102, the lowest concentration levels
recirculations at the upper side of the cavity and one morare presented for case A, with values lower than 514 ppm.
elongated vortex close to the bottom part of the enclosure. When increasing the Reynolds numb&r{10® < Re <

From an interval ob x 103 < Re < 1.5 x 10%, cases 2 x 10%), the isoconcentration tend to generate a "L” shaped
A and B change their flow pattern by non-uniform recircula- main vortex closed to vertical left wall and towards the
tions with a highly stratification of the fluid at the upper side air outlet gap for case A. Also, it can be seen how for
of the cavity and a dominant extended recirculation drivenke = 5 x 10% the level of concentration has considerably
from bottom wall and rises close to the left wall until reach- decreased regarding cases B and C, where the higher concen-
ing the outlet aperture. The case C has not important changéstion levels are located at the upper side of the cavity. From
with respect to cases for lower Reynolds numbers; this bea Re = 1 x 10*, the case B shows the lower contaminant
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FIGURE 3. Masslines and isoconcentration (ppm) as a function of the Reynolds number in the ventilated the cavity.

CO, concentration among cases; for instance, at the same i does not show a significant decrease of concentration lev-
let airflow velocity (Re = 1 x 10*) a concentration reduction els compared to the previous Reynolds number6(ppm).
of approximately three times lower than previous Reynolds/hile the case B presents an average reduction of 1 ppm at
number at the upper side of the cavity is presented. On ththe center of the cavity. On the other hand, the case C shows
contrary, the case C continues with higher concentrations dtvo zones divided by lower and higher concentrations values
the upper zone of the cavity( 1800 ppm). From a qualita- producing the worst air quality conditions among cases.
tive comparison betweeRe = 1.5 x 10* andRe = 2 x 10%,
it can be seen how the case A maintains a similar concentra.2. Average CQ concentrations inside the cavity
tion pattern, whereas the case B have substantial differences.
In order to quantitatively compare configurations regarding

Finally, for Re = 2.5 x 104, the lower concentration level to the highest values af-, Table 1l shows the corresponding

for all Re numbers analyzed is presented. However, the case/erage concentration values of €@ averagd for configura-
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TABLE Il. Average CQ concentration inside the cavity (ppm).

Re 0 5 x 107 1x10% 5 x 10° 1x10% 1.5 x 10* 2 x 10* 2.5 x 10*
Caverage
Case A 1962 1666 1335 597 481 443 423 415
Case B 1962 1683 1399 830 482 416 386 381
Case C 1962 1768 1712 1525 1469 1442 753 696

tions A, B and C as a function dRe. In this table, it can kept approximately constant. Regarding case B, it was found
be observed that higher concentrations are presented for farminimume . value for Re = 5 x 102, owing to high con-

Re = 0, which is explained due to the fluid movement in- centration gradients presented at the upper and lower side of
duced by pure diffusion. It is important to note that from the cavity. Moreover, the maximum contaminant distribution
Re > 1 x 10%, the CQ concentration decreases only by efficiency among cases is reached fo¢ = 2 x 10* and
approximately 10%. Furthermore, the case C presents ah5 x 10*. Lastly, the case C presents the maximum value of
important reduction of 50% of concentration levels until ac_ when natural convection is predominafte(< 1 x 103).

Re = 20 x 10* was reached. Ultimately, for a This behavior indicates the need to supply air at higher veloc-
Re = 2.5 x 10%, the case B shows the lowest pollutant con-ities as possible in order to improve the interaction between
centration with a value 381 ppm throughout the interval undeclean air inlet and the COcontaminant existing inside the
study. cavity.

4.3. Overall ventilation effectiveness for the removal of

pollutants e, 5. Conclusions

A numerical study of a two dimensional ventilated cavity for

The pollutant removal effectiveness, provides a quanti- indoor air quality design was presented. From the results, it
tative index related to the way in which pollutants are dis- q y 9 P ' '
can be concluded that:

tributed all over inside the cavity, the higher value the more
homogeneous pollutants distribution. This air quality param-
eter is very important in building design because the contam-
inant can be stratified in particular zones with high levels of
pollutants and it can be difficult to observe the whole Air-
CO, distribution by taking into account only average concen-
tration values. Figure 4 shows the results £gr, for all the
configurations considered in this work. It can be seen from ¢ Once the air inlet velocity increased the forced flow
figure that for the case A, the G@ontaminant distribution start to be dominant over free flow. For the case A, the
reaches a maximum value fdte = 1 x 10 and later it is level of contaminant concentration rapidly decreased
until Re = 5 x 103. From here, the pollutant reduction

B Case A by increasing the air inlet velocity was turned to be less
o CaseB relevant: 20, 8, 4 and 2%, frolRe = 1 x 10* up to

Case C ] Re = 2.5 x 10%, progressively. As a conclusion, the
case A was the best configuration in order to maintain
acceptable contaminant concentration levels with low
[ u u u electric energy consumption for end users.

e From the flow pattern distribution, it was qualitatively
observed that for natural convection casfs = 0),
two symmetrical recirculation cells were formed close
to vertical walls dividing the cavity in two zones with
opposite flow direction with each other.

20

® o Itwas found that the case B reached lower contaminant
IS 1 levels fromRe = 2 x 10* with a maximum reduction
65+ of 35% compared with case A. However, due to the
higher air inlet velocities supplied (four times that case
A), the electricity cost and environmental impact were
higher. Therefore, the configuration B is recommended
only if higher air quality requirements are mandatory.

0.0+

] T & T ] T . T * T
0 5000 10000 15000 20000 25000 - . . .
e The configuration C was the worst configuration for
Re contaminant removal purposes even for higher air inlet
FIGURE 4. Overall ventilation effectiveness for the removal of pol- velocities Re > 2 x 10*). From the results, it was

lutants as function of Reynolds number for all cases. shown that the cavity is divides by two zones: the high
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CGO, concentration{ 1000 ppm) at the upper side and
the low CQG; concentration{ 400 ppm) at the lower
side of the cauvity.

Case A reached the maximum value for ventilation ef-
fectiveness index wittRe = 1 x 103, after this value

begins to decline. For the other cases the maximum
value for ventilation effectiveness index was reached
with high Re values.

317

centration of carbon dioxide (GQinside a room en-
vironment is 700 ppm. In order to be acceptable for air
quality purposes, the case A fulfills this requirement
with a Reynolds ofs x 103. However, if it requires
high cleanliness in the room, the case B achieves the
best air quality with a Reynolds value 25 x 10%.
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