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Abstract. This paper reports an experimentally validated etioal analysis of airflow through a non-isothermal
three-dimensional room, where the air is suppliedzontally on the upper left and is exhausted tigio the opening
located on the lower right. The dimensions of them take the following values: height H = 3.0 nmgih L = 9.0 m,
width W = 14.1 m, inlet height h = 0.168 m, outieight t = 0.48 m, with the inlet and outlet opeysras large as the
room. The main purpose of the study is to asses$utloyancy and inertial forces effects at the awfl Due to the
turbulent flow, a Reynolds-stress model has beguamd to predict the airflow pattern in the roofrthe model has
been validated by comparing the numerical resulith vexperimental data from the literature for dinsemless
temperature and mean air velocities distributioms different regions of the room. The velocity vect@sults have
shown that the airflow pattern is significantly edffed by increasing Archimedes number, and dependke initial
conditions when the buoyancy force predominatesaddition, the comparison between predictions frdm
turbulence model analyzed against those from thadstrd ke model has shown evidence that, for high buoyancy
effects, different turbulence models can lead tieidint airflow patterns.

Keywords: turbulence, Reynolds-stress model, mixed coromcairflow.
1. INTRODUCTION

Considerable success has been achieved by usingtigutational fluid dynamics (CFD) to predict inda@irflow,
although there are still some difficulties as rethtn Chen (1995; 1996). The CFD to solve turbuftow is further
divided into three approaches types: direct nuraesmulation (DNS), Reynolds Averaged Navier-SoKBRANS)
equation modeling, and large eddy simulation (LES)thek-¢ model assumes the isotropy for turbulence, arupatr
models such as RSM and LES are being recommendeatifsimulation of complex tree-dimensional flog@hen,
1996; Monokrousost al, 2008). However, RSM has deficiencies such as:uriversal model parameters, numerical
difficulties, and it is computationally expensive &n order of magnitude when compared tokdaenodel.

Numerical simulations of mixed convection are alali¢ in literature. Nielsest al. (1979) used the standakels
model with wall functions and calculated the flowsa ventilated room with a heated floor. The pcédn agreed well
with the experimental data, nevertheless it is kmaat the wall functions cannot calculate buoyamdfects
accurately. Chen (1995) compared the performanawéralk-€ models on indoor airflow simulation and found the
performance of RNGk-£ model is better in mixed convection than in forgeshvection flows. The Reynolds stress
model (RSM) was applied by Chen (1996) on indoditaav simulations, and the performance of this nldddess
satisfactory in mixed convection than in forced aadlral convection. The model combining a neat-oa-equation
model and a near-wall natural convection model Withaid of direct numerical simulation (DNS) waséstigated by
Xu and Chen (2001), while the model using one-agnahodel for near-wall region and the standamodel for the
outer wall region was investigated by that authorspredicting forced, natural and mixed convectiGusinet al
(2009) investigated the influence of two valuesntét slot width on the velocity characteristicaddanrbulent intensity
of the airflow inside an isothermal rectangularmod he performance of three turbulence modelsdstiatk-£, RNG k-

& andk-whas also been investigated. On the whole, th@pedance of the standardeknodel was better than those of
the other two turbulence models. Mazzatcal (2010) studied the isotherm airflow in a roomngstwo turbulence
models, the standarkie and a RSM model, considering two aspect ratiothefroom and two inlet slot widths. In
general, both models gave similar velocity profildswever, in terms of streamlines, the RSM modéheated more
flow secondary recirculation than the standagdmodel.

Direct numerical simulations have provided physinalght into the phenomena of transitional andbtignt flows,
despite the fact that they are limited to simpld amderate Reynolds number flows (Moin and Mah&888). The
fine grids (and the corresponding small time steps)essary in the DNS of turbulent flows at modetat high
Reynolds numbers give rise to very high computafiaosts. Therefore, other approaches based onhaZ& been
developed to be able to simulate transitional amtbulent flows in large-enough domains and at HRgynolds
numbers. In LES the mesh size is chosen considetalger than for DNSFor flows with solid walls, the thin
boundary layers adjacent to the walls need to belved in both DNS and LES for accurate resulteréfore, even
LES requires a substantial computational effort,lbwer than DNS: A typical resolution for an LES&dpproximately
1-20% of a corresponding fully-resolved DNS (Moralgoset al, 2008).
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From a practical point of view, the use of LES d»dS is still far from to be used commonly due te thigh
computational costs associated with them. For theasons, it is thought that the RANS equationsdated with
turbulence modeling will be the main CFD tool ubgdresearchers at least in the near future (Muatity Joshi, 2008).
Nevertheless, there is a need to improve the acgwad reliability of the solutions of turbulenof fields obtained
from the RANS equations, selecting the model patarsen the basis of the understanding of mearttanturbulent
flow fields. It is desirable that a benchmark datsbto be available with extensive exercises ofctiraparative
performance of these turbulence models. Therefore, of the objectives of the present study is tadstthe
performance of the model RSM-LLR (Laundsral, 1975) to predict the non-isothermal flow insidevell-known
configuration, the Annex 20 test room (Nielsen, @9A second and main objective is to evaluateitiieence of
Archimedes numbers on the studied flow.

The remainder of the paper is organized as folloWse experimental apparatus (Nielsen, 1976) andsipaly
problem are described in Section 2. In the sam#gosethe governing equations and turbulence modedsdetailed,
while the numerical methodology is introduced inct8m 3. The main results concerning the turbulenusdel
performance in predicting the indoor airflow aregented in Section 4. First, the focus is on thielation of the RSM-
LLR model while in the second part a feedback abatitence of Archimedes number on the referredvflis
considered. The paper ends with a summary of the caaclusions.

2. PHYSICAL PROBLEM

The non-isothermal airflow regarding the Annex 2éndéhmark described in Nielsen (1990), for which som
experimental and numerical data are available éncilirrent literature, was chosen to perform th@@sed analysis.
Nielsen’'s experiment was conducted in a cavity lesvs in Figure 1. The floor is heated, and theisisupplied
horizontally on the upper left by a rectangularmipg and is exhausted through another rectangplamniag located in
the lower right of the room. Although the configtiva is a laboratory model rather than an actuahrothe flow is
mixed convection and represents flow features fannéal rooms.

Figure 1. Experimental é{pparatus (Nielsen, 197@)rce: http:liwww.cfd-benchmarks.com.

Figure 2 shows a sketch of the numerical domaimesponding to the Nielsen’s device with the dimensi
recommend by Annex 20 as a benchmark exercisehthidige 3.0 m, length L = 3.0H, width W= 4.7H, inleight h =
0.056H, inlet width w = W and outlet height t = 6H. Experimental results for this flow are avaiilh terms of
dimensionless temperature profiles along two hatablines of the plane z/W=0.66, at the floor (Y¥rand aty =
0.75H, as illustrated in Figure 2.

This non-isothermal airflow is characterized by Ralds and Archimedes numbers based on the heigttecdir

inlet, Re= Uph/v, and on the difference of air temperature betwberinlet and the outlet openinds, = ﬁghAT/Ug ,

whereU, is thex direction mean velocity component in the inlethe room [m/s]v is the kinematic viscosity [ffs],

£ is the thermal expansion coefficient of air [1/&}d AT is the difference of temperature between retuich aupply
openings [K]. In the present work, seven cases baeam considered as described in Table 1. Theitatochses were
established to validate the turbulence model uadatysis, whereas the other casést(87") had been investigated to
study the Archimedes effects on the fluid flow.
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Figure 2. Sketch of the geometry studied.

Table 1. Configurations investigated in this study.

Case Re Ar Floor heat flux (W/n
1 7,100 1.10x10° 0.001156
2 2,400 8.50x 10° 0.003452
3 5,000 1.10x 10° 0.000367
4 5,000 1.10x 10* 0.036718
5 5,000 1.10x 107 3.671821
6 5,000 2.00x 10* 73.436425
7 5,000 1.73x 10t 63.522508

3. PROBLEM FORMULATION
3.1. Mathematical equations

Reynolds (1895) decomposed the Navier-Stokes emsatn two parties, one related to the averageevafuthe
velocity vector and another related to its fluctuat and applied the time average operator on tteestudy turbulent
flows. The resulting set of equations is known lzs Reynolds average Navier-Stokes (RANS) equatimus gives
information about the mean flow. Although this apgzh is not able to describe the multitude of Ieragiales involved
in turbulence, it has been largely used all ofwled because in many engineering applicationsrif@ration about
the mean flow is quite satisfactory.

Considering that density and viscosity variations small so that their effects on turbulence cangbered, the
fluid is Newtonian, the flow is incompressible atltt steady state, the governing RANS equations arte€ian
coordinates can be expressed (Versteeg and Melalas 1995) as:

%:0, (1)
0X;
AU,V L — @
(al ). #,0 ﬂ—au' —puu; | +F,
XJ aX, OXJ GXJ

whereU; andU; are components of the average velocity vector][na'ss the fluid density [kg/m), i is the dynamic
viscosity of the fluid [Pa.sP is the mean average pressure [Pa]fRrid a component of the bulk force vector [N]. The

extra-term that appears in Eq. (2) comparing toottiginal Navier-Stokes equationg,u; , is the product of fluctuation

velocities [nf/s?] termed Reynolds stresses and is never negligitdey turbulent flow. It represents the increasthie
diffusion of the mean flow due to the turbulencquétions (1) and (2) can only be solved if the Rég® stress tensor
are known, a problem referred to as the ‘closuoblem’ since the number of unknowns is greater themnumber of
equations.

The main goal of the turbulence studies based oN&RAquations is therefore to determine the Reynsligtsses.
According to Kolmogorov (1942) they can be evalddig the following expression:
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where J; is the Kronecker delta and the kinetic energyhef turbulent motionk, is defined ask:m/z [m?s?].

Substitution of Eq. (3) into Eq. (2) results in treerage Navier-Stokes equations with the Reynstidssses modeled
via the viscosity concept,

——t | (U+ 1) _+a_>q +pB(Ty - Ty
where /£ is the turbulent viscosityP’ = P+ 2/3k is the modified pressurdy is the temperature in a reference point

[K], Tis the temperature [K], arglis the gravity acceleration [mi]sThe last term on the right side of Eq. (4) takee
account of buoyancy effects.
The turbulent viscosity can be expressed as thdugtoof a velocity scaley [m/s], and a length scalé,, [m],

H = puL,. Considering the velocity scale being calculatthb:k%, Kolmogorov (1942) and Prandtl (1925)
independently proposed the following relation toe turbulent viscosity,

/ut = pcykllzl-,u 1 (5)

wherec, (=0.09) is an empiric constant.

The momentum equation, Eqg. (4), is coupled to thergy equation by the buoyancy term, and also by
thermodynamics properties and transport coeffisiéithey are temperature dependent. As a resgtconservation of
energy, Eq. (6), must be solved to obtain both tmatpire and velocity fields,

ouUT)_ 9 T | . (6)
— 1 = — | +q/ ,
x o {r ox } 4/mCp

]
where e is the effective turbulent diffusion coefficiefior Temperature [Afs], ¢ is the thermal source [WAn and

C, is the specific heat at constant pressure [J/kgK].

In order to complete the set of equations descrddmave, the most popular turbulence models defire dther
transport equations: one for the turbulent kinetiergy k, and another for a variable that reletds L,. These models
are called two equations models, and the starikdanshodel (Launder and Spalding, 1974) was testebignstudy with
the explicit formulations described below.

In the standard-£ model, proposed by Launder and Spalding (1974)s#dw®nd variable for the complementary
transport equations is the rate of the viscouspitisn, £ [m%s’], which is related td by:

— 132 7

e=k¥/L,. (7
Consequently, the turbulent viscosityis calculated in thk-£ model as

V=c, k?/e . (8)

The resulting set of equations concerning the statide model is then composed of Egs. (1), (4) and tandport
equations fok ande that are, respectively, given by:

OUiK) _ o |(,, v ok |, |9u Ui jau;|__ (9)
ox;  0x o Jox; | | ox;  ax | ox '

0Ue) _ o AL au; , Y, | oy, _Cg_z (10)
ox, ox |\ o, )ox | k| ax,  ox |ox | 2k
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wherec; = 1.42 andt, = 1.92 are empirical constants, amd= 1 ando; = 1.22 are turbulent Prandtl numbers.

The standar#t-£ model was developed for high Reynolds number fldhesrefore it cannot represent adequately the
viscous region near solid surfaces. This problersoilved coupling to the above-mentioned set of gguos semi-
empiric wall functions to represent the near-wiaf Besides, the use of wall functions saves cdamguime because
avoids the fine grid near the walls necessarywReynolds number models.

The Reynols Stress Model (RSM) is based on trahsgmprations of the Reynolds tensor and dissipatide of
turbulent kinetic energy. Solving a transport etqurafor each component of the Reynolds tensor t8&Rdd for a
three-dimensional flow six new equations to theagigms system. The RSM model is called a secondanbgiosure
due to model only terms of third or higher ordeheile are several variations of RSM, the model usehis study is
known as RSM-LLR described in Laundetr al. (1975). The transport equations for the Reynotafsadr are derived
from the Navier-Stokes equations and are desctiged

(11)

j X 0X;

0 ;7y) 0 { o7y
p—
i

Tk TPk t— V_+Cikj:|+|_|ik’

where the first term represents the variation otde viscous stress tensdr, due to productior?, and dissipation of

the turbulent kinetic energy, the fourth term represents the molecular andutert diffusion, and the last term
correlates pressure and tension.

The production, the dissipation of the turbulemiekic energy, and the turbulent diffusion can becdbed by,

ouU U,
Py = _|:Tik aT,k + T OT]I} , (12)
2 (13)
Eik _Egdik ,
(14)

Ciyj :pUiIUL;U‘j + plui‘ka + plul;Jij :

The last term in Eg. (11) combine the pressure widiormation of the flow, this term is responsitilg
redistribution of turbulent kinetic energy among tomponents of the Reynolds stress tensor, andecdrscribed as:

q, = P[ou, au ) 49
T plox,  ox

In the RSM-LLR model used in this study, proposgd @underet al. (1975), the Eq. (15) is described as:
Mi =-peCa+C,kS+C,pKaS" +Sa —2aSd/3) +Cspk(aa+Wa' )], (16)

wherea = y, /k - 25/3 is the anisotropy tensd®,= [Ou +(JU)"]/2 is the tensor ratéV =[0u -(0OU)"]/2 is the
vorticity, C; = 1.8, G = 0.8, G = G = 0.6 are constants.

3.2. Boundary Conditions

The inlet boundary conditions for velocity compotgewere specified ad = Uy andV = W = 0, respectively, with
Uy being the air average velocity in the inlet of tawity obtained from Reynolds number based orirtle¢ height,Re
= Ugh/v, equals to 2,400; 5,000 and 7,100 as the casédfisgein Table 1. Regardingg and &, the inlet boundary
conditions were calculated ty = 1.5(0.04J,)* and& = 10¢7h, respectively. Zero relative pressure and zeroigresl
for the other variables are applied as the boundanglitions for the outlet. At the solid boundaribe no-slip and the
impermeable wall boundary conditions were imposedthe velocity components, that id, =V = W = 0. The

turbulence quantiels and¢ are nulls at the walls. With the exception of tleer, along which a constant heat flux was
added, please refer to Table 1, all walls wererassadiabatic.

4. NUMERICAL APPROACH
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The numerical solution of the governing equatiorsswerformed using the commercial computational flu
dynamics code Ansys CFX version 11. In this code dbnservation equations for mass, momentum atwlence
guantities are solved using the finite volume ditization method generated by staggered grids.

In the method adopted in this work the interpolatid the properties at the control volume faceslwaf primary
importance on the accuracy of the numerical restihe classical approach of first order accuratsing differencing
usually suffers from inaccuracies in simulating pbem flow situations. An effective approach to reduruncation
error, while maintaining the grid size within contgtional resource limits, is the adoption of a mawxurate
differencing scheme into the numerical analysighinpresent work, the first order upwind differescheme (UDS) is
firstly adopted in the solution of the governingiations, after that, such values are used to lizitizhe high resolution
scheme (HRS). The HRS is both, accurate, reducirigst order near discontinuities and in the fstream where the
solution has little variation, and bounded. Therefits order of accuracy for the interpolated valaan be major that
two. The solution was considered converged wherstim of absolute normalized residuals for all cellshe flow
domain becomes less than®10

5. RESULTS AND DISCUSSION

The present study was conducted in three partstlithe influence of the spatial structured disization on the
prediction of the airflow was investigated, allogito determining a grid independent solution far thrbulence model
under analysis. Secondly, the effects of buoyanuy iaertia forces have been analyzed by compatiegairflow

pattern obtained by the RSM-LLR model for differeltchimedes numbers. Lastly, by means of streamitiee

predictions from the RSM-LLR model have been comtied to those from the standd@ model.

5.1. Analyzing the influence of grid refinement

The grid independent solution for the turbulencedetdested was defined by comparing the computsdlts=for
Re= 7,100 andAr = 1.1x10° (case 1) an&ke= 2,400 andhr = 8.5x10° (case 2) using different grid schemes with those
available from Nielsen’s experiment (Nielsen, 19783 indicated in Fig. 2, dimensionless temperaju&files are
available along two horizontal lines of the plar#&/z0.66, at y = 0 and y = 0.75H. Since both casgseasent low
buoyancy effects, their results in terms of dimenkss mean velocity profiles have also been coetpan the
experimental data from the Annex 20 isothermal ¢biselsen, 1990) to complete the grid-dependenayyais.

In each grid the refinement was mainly carried rept to the walls, where the flow property gradéeate steeper,
considering the limit values of yor the wall function. According to the Ansys CR¥rsion 11 manual, the range df y
for the RSM-LLR model is 20 <*x 100. Table 2 shows the resulting grid schemesgdse 2 disregarding the region
after the outlet slot (see Fig. 2), which corregpém the following number of nodes: Grid 1 (13,I®%des), Grid 2
(52,500 nodes) and Grid 3 (210,000 nodes)

Table 2. Number of nodes in directions X, y anadnpleyed in each grid tested.
Re = 2,400 and Ar = 840°

Total volumes X y z
Grid 1 13,125 25 21 25
Grid 2 52,500 25 42 50
Grid 3 210,000 50 84 50

The deviations between the calculated dimensionte&scity and temperature values obtained with dhferent
grids were determined by the root mean square given by:

ANy p 2
RMSE—\/nZﬂ:(X,p XM 17)

where X P = (T - Tp)/AT, or U/U, are the predicted dimensionless temperature dedmial velocity, X™ are the
measured dimensionless temperature or horizonlatityg, andn is the number of elements in the sample.

The comparisons between dimensionless temperatwéharizontal velocity profiles are presented iis thaper
only for Re= 2,400 and\r = 8.5¢<10° (Figs. 3 and 4, respectively), because the beha¥ioase 1 is similar to that of
case 2. Note that the results of grid 3 agreefaatily with the experimental data, mainly to aglties at the central
plane however some minor differences occur to teatpee at plane z/W = 0.66.
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Figure 3. Effect of grid size on dimensionless temagure distributions at lines (a) y = 0 and
(b) y = 0.75H of plane z/W=0.66 féte= 2,400 andAr = 8.5¢<10° (case 2).
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Figure 4. Effect of grid size on dimensionless e#iodistribution at lines x = H, x = 2H, y = 0.08&nd y = 0.972H of
central plane foRe= 2,400 andhr = 85x10° (case 2).

Table 3 describes the RMSE calculated for each atatipnal grid used with RSM-LRR turbulence modekix
different positions of two planes of the room. Aaliag Table 3, Grid 3 provided the smallest aver@#SE value and
reduced computational time consequently it wagtitechosen for the other simulations.
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Table 3. Root mean square errors based on diméas®horizontal velocity and temperature valuesése 2.

Velocity Temperature  Running

Plane z/W = 0.5 Plane z/W = 0.66 time
Grid Average Average Hours
1 0.0869 1.469 12.45
2 0.0820 1.473 20.82
3 0.0749 1.470 38.10

5.2. Analyzing the influence of buoyancy and inertil forces effects

The influence of the buoyancy phenomenon on thaibehavior has been assessed by comparing tiregels in
the airflow pattern with the increase of the imparde of the heat transfer on the floor, as indicatd=ig. 5 by means
of the predicted velocity vectors in the centrard of the studied geometry.

i
|

wall 25 =
ERTRE: BE 5 113

(a)Re= 5,000 andhr = 1.1x10° (b) Re= 5,000 andhr = 1.1x10*

=3

(c) Re= 5,000 andr = 1.1x10? (d) Re= 5,000 andAr = 2.0<10™
Figure 5. Velocity vectors in the central plandgha room predicted by the RSM-LLR model for diffier®&uoyancy
effects.

It can be noted, from Fig. 5, important changethenmovement of the fluid at the central planehef toom as the
Archimedes number has been gradually raised frodx1D° to 2.0<10", while the Reynolds number has been
maintained constant and equals to 5,000. At filet, flow pattern is similar to that found for ttsothermal case (see
Susinet al, 2009); the jet develops along the ceiling arehtars a main recirculation zone dislocated toitje side of
the room, Figs. 5a and 5b, which indicates thattiseforces is the predominant one. In the nexdecawith an
Archimedes number equals to 2102 (Fig. 5c), the jet starts flowing attached to tledling and then drops into the
occupied zone with high velocities. The main radmton is dislocated to near the floor, and a edcrecirculation
zone can be observed on the down left corner ofdben. A predominant phenomenon cannot be distsfigad. The
last case, Fig. 5d, shows a very different behagfahe airflow within the room. Since the diffenof temperature
between the supply air and that inside the roommrtant, the jet falls down as soon as it entieesroom causing the
inversion of the flow. The buoyancy is now the doamit effect.

As it has been observed by Lemaire (1991), théomirpattern depends on the initial conditions whigbuoyancy
effects are strong. Hence, in Fig. 6 is presentedmaparison between the velocity vectors in thereéplane of the
room calculated with different initial conditionsrfcase 7Re= 5,000 andAr = 1.73<10™. The first three figures show
the predictions using the RSM-LLR model, while thst one was obtained with the stande#dmodel for comparative
purposes.

|

(b) with initial isothermal RSM-LLR values

(a) with null initial values
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(c) with initial isothermak-¢ values (d) with initial isothermak-¢ values
Figure 6. Influence of the initial values on théogity vectors in the plane z/W = 0.5 predicted(ayb, ¢) RSM-LRR
and (d) standark-£ models for case 7, Re = 5,000 and Ar = %I(B".

When the initial conditions were nulls, the air rement inside the room was very close to that st in Fig. 5d
with Re= 5,000 andAr = 2.0<10*, which was calculated using similar initial comalits. However, the predictions by
the RSM-LLR model using the solution of the isothal case have revealed a main recirculation zosleddited to the
left side of the room and also a region of quighhielocities next to the ceiling when the solutiame from the RSM-
LLR model itself (Fig. 6b), and the separation fod flow into two recirculation zones with differemtientations (Fig.
6¢) when it came from standakes model. The standarkle model using initial conditions from tHe& model itself
predicted an airflow pattern closer to the casdh l@w buoyancy effects, similar to airflow illuated in Figs. 5a and
5b, the main recirculation is on the clockwise dil@n and dislocated to the right side of the ro@ut, in contrast to

the low buoyancy cases, the jet region cannot &tinduished very well and high velocities are otedrjust below the
inlet opening.

5.3. Comparing the predictions from RRS-LLR and stadard k-& models

Figure 7 shows the contours lines of the streatheaplane z/W = 0.5 predicted by the RSM-LRR armahdardk-&
models for different buoyancy effects. For casesnd 4, where the inertia is the predominant foncé the flow
develops completely along the ceiling of the rodheg airflow patterns predicted by both models angeqsimilar
except for next to the left wall. In this regiohetk-¢ model predicts an upward flow almost parallelhie teft wall
while the RSM-LRR model shows a secondary recitiraon the lower corner for case 3 (Fig. 7a) arilda bended
to the right side for case 4 (Fig. 7c). Comparing $eparation point on the floor and the attachrpeintt on the wall in
this same region, note that such points are hifgrethe RSM-LRR model than for thes model in cases 3 and 4,
whereas the throw of the jet is approximately tame for both turbulence models. With respect tostneamlines
presented in Figs. 7e and 7f, it is possible tothaethe airflow pattern obtained from each tuebek model is very
different, there are variations in size, in positand in magnitude of the main recirculation zdhean be inferred from
this last comparison that not only when the buoyaeffect clearly predominates, as indicated by Figfs e 6d,
different turbulence models can conduct to diffemrflow patterns.

(a) Re= 5,000 andr = 1.1x10° (b) Re= 5,000 andhr = 1.1x10°

== B N
(c) Re= 5,000 andAr = 1.1x10* (d) Re= 5,000 andhr = 1.1x10*

(f) Re= 5,000 andAr = 1.1x10?

Figure 7. Streamlines for cases 3 to 5 predictethbg, €) RSM-LRR and (b, d, f) by stand&sé
models at the plane z/W = 0.5.
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5. CONCLUSIONS

In this work, three-dimensional numerical simulagoof turbulent airflow through a non-isothermabmo were
conducted for seven cases classified accordingpubgancy effect. The airflow has been modeled ufiegReynolds
average Navier-Stokes equations and primarily lulence model of second order closure: the Reyr8ldsss Model
(RSM-LLR) proposed by Laundet al. (1975). For comparative purposes, some casesdiswdeen simulated using
the standarck-£ model (Launder and Spalding, 1974). The RSM-LLRdeldhas been validated by comparing the
numerical results with experimental data from therature for dimensionless temperature and meamvedocities
distributions on different regions of the room, siering three grid levels. The choice of the bgréd occurred
through the RSME evaluation. After the choice & best grid, the influence of the buoyancy andtiaeiorces on the
airflow pattern has been investigated. By analyZimg results of the seven cases, it has been amseignificant
differences between the cases in the level of treamlines and velocity vectors with the increakéhe buoyancy
effect, even the inversion of the flow when the yamcy force is the predominant one. Moreover, lesstte influence
of the initial conditions, the predictions showaamce of dependency on the turbulence model focaises with high
buoyancy effect. This is an ongoing project; thereffurther analysis must be carried out in oraepbtain more
conclusive information about the influence of @littonditions and turbulence models on the airfb@attern.
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