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Abstract

The present study reports on the numerical and experimental characterisation of airflow generated by a wall jet within a long and empty
slot-ventilated enclosure. In the configuration investigated, blowing and outlet sections are placed in the front of the box. This design is
extensively used in refrigerated transport. Experiments were carried out on a scale modl¢fladrailer. Numerical modelling of airflow
was performed using the computational fluid dynamics Fluent code. In this study, a second-moment closure, the Reynolds stress mode
(RSM) and two-equation turbulence models: the standatdand a renormalization group (RNG), were tested, contrasted and compared
with experimental data. It was demonstrated that only the RSM model enabled detection of the presence and the localisation of separatec
flow and correctly predicts airflow patterns related to primary and secondary recirculation.
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1. Introduction This paper considers the particular case of an empty slot-

ventilated room, for which inlet and outlet sections of airflow

Slot-ventilated enclosures are extensively used in many are located on the same side. From an aero_dyr_1am|c stand-
point, the drawback of this asymmetrical design is the pres-

engineering applications in order to control the level and the ence of a strona pathway between the two sections. implvin
homogeneity of temperature, concentrations and contami- . strong pathway betwe Sections, implying
high velocities at the front section and low velocities at the

nants in the confined space. All these parameters are strongl;;ear art of the enclosure. The maior confiqurations inves
governed by the airflow patterns and their distribution into . P ' J 9
the room. tigated [1,2] are short to moderate lengtty @ < 2, where

. L . . L is the room length, and/ is the room height). In addi-
Many investigations are carried out to characterize the ; . . .
. . . . . tion, these configurations consider only the case of ceiling
behaviour of airflow in the ventilated room as a function

of slot and room dimensions and the positions of inlet and air—jet for which the slot inlet width is equal to the width of

outlet sections [1-4]. theTrf?: rrT:e.suIts iven by Yu and Hoff [2] reveals the presence
Although the positioning of blowing and outlet sections 9 y b

. L of a reverse flow in the rear opposite face. The author ex-
varies generally, these are located face to face within the lains the presence of this secondary flow by the detachment
ventilated space [3—7]. This design, when it can be achieved,IO P y y

ensures better domain occupancy considered by the mai of the wall jet from the ceiling. The airflow field and the loca-
pancy y "ion of the detachment point of the ceiling air jet were shown

flow and thus reduces the importance of the secondary . :
) . : . . to be independent of airflow rate beyond a threshold value.
recirculating zones, in which the low rate of air renewal . .
. . The pressure data obtained by Karimipanah [1] along the
increases the temperature difference. o
ceiling reveals the presence of an adverse pressure near the
opposite wall. However, the influence of this adverse pres-
T Comre . sure on the airflow patterns was not investigated.
orresponding author. .
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Nomenclature

p staticpressure ..., Pa Greek symbols

Ui, u; g?feacr:i,(j:]uftﬂét!r?g.V-e.l.o.c.'? componentxn ol 0 density. .. SETEITRIRYY [RLITRITTRIYY kg3
0 flOW rate . . . $sL ok, 05 turbulent diffusion coefficients for ande,

L length of the enclosure .................... m respectively .
H height of the enclosure.................... m Y kmemguc VISCOSIY ...ovvvnnnnnss fs-
I turbulence intensity. ...................... % M dynamic viscosity ................. kg-s~*
P productionterm ..................... 3k kinetic energy of turbulence .......... g2
x,y,z lateral, vertical and longitudinal coordinates. m ¢ turbulence energy dissipation rate ... . .. 2.673
C,, C1, C2 turbulence model coefficients Subscripts

DH Hydraulic diameter of the inlet section.. . ... m ]

Re Reynolds numbek: pUoDy /11 0 inlet

yt dimensionless wall unit= (t,,/0)%%y /v m maximum

T,t mean, fluctuating temperature.............. K ! turbulent

Tw wall sShear stress .........c.vveeuennan... Pa i,j,k vectordirections

of airflow are located on the anterior face since it is very overpredicts the Coanda effect. This can lead to poor
practical to place all the refrigerated equipment together nearprediction concerning the maintaining of the jet on the
the refrigerating unit. However, the temperature differences ceiling, its reach and to the occurrence of secondary flow.
observed by many authors [8,9] in the case of a loadedIn addition, for certain low-velocity recirculating zones,
configuration cannot be directly exploited in this study where laminar and turbulent phenomena exist locally, not
because of the combined effect of the compactness of theonly in the near wall region, but also remote from walls,
load and to the asymmetrical design of the airflow system. using the LRNk—e model often indicates unrealistic laminar
Consequently, the case of an empty enclosure without thesolutions [5]. Moreover, as very fine grid distribution is
influence of the load needs to be investigated first. needed in the near-wall region, the computing time and
The objective of the present study is to investigate exper- memory storage cost are significantly higher when using
imentally and numerically the behaviour of airflow patterns, high-Reynolds-number models. These aspects constitute the
velocity characteristics and temperature distribution within principal limitation for LRN models.
a long and empty slot-ventilated enclosure for which inlet In a comparison concerning differebte models for in-
and outlet sections are placed on the same side. Analysis ofdoor airflow, Chen [14] shows that either of these two equa-
experimental and numerical data should identify the mech- tion models is able to predict the presence of secondary recir-
anisms governing the maintaining on the ceiling of the con- culating flow. The fact that the turbulence model cannot be
fined jet or its separation, its reach, the importance of the universally applied has been a frequent criticism. Discrep-
primary jet zone and any secondary flows. ancies between predicted results and measured data are dif-
Concerning the use of a turbulence model, many stud- ficult to identify. Airflow in a room is complicated: it is often
ies use the standadd-= model [10] since it is easy to pro- the combination of free turbulent shear flows, near wall ef-
gramme and can be broadly applied. However, predictionsfect, pressure gradient implying the presence of separating
given by this model are not often accurate and ad-hoc mod-and reattaching jet, primary and secondary recirculating in-
ifications are performed in order to improve the computed cluding high streamline curvature effect [3—7,14]. For these
results. complex flows, various authors [1,15-17] agree on the inad-
In order to better predict the airflow pattern in a ventilated equacy of the&i—s model to predict airflow patterns and un-
enclosure with a strong Coanda-effect influence, Choi [7] derline its limitation by comparison with experimental data.

suggests modifying the multiplicator coefficiegit, = 0.09 In this case, improving predictions can be achieved by tak-
of the turbulent viscosity given by the standdretk model. ing into account the effect of the turbulence anisotropy by
The author recommends, respectively, = 0.12 and 0.15 using second-moment closure [1,3].

if the blowing is near or far from the ceiling. However, According to the complexity of the airflow in a room, rig-

the fact that this model thus modified cannot be universally orous validation for numerical models is needed before they
applied will discourage further use without comparative can be applied to wide ranging air distribution problems.
experimental data. This validation concerns primarily the choice of a turbulence

Even though the use of low Reynolds humbers (LRN) model for which itis necessary to investigate its performance
models is recommended by many authors [11,12], Hoff by comparing numerical predictions with experimental data.
[6] shows that use of the Lam et Bremhost [13] model For the case studied, two levels of turbulence modelling are
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Inlet ( Q = 5500 m’/h)

Outlet

L=133m

Fig. 1. Longitudinal view of the slot-ventilated enclosure.

_k 2.46m muliplier. Light scattered from particles is captured through
012m [ [ [(nleo the same front lens that the two beams exit from. The air sup-
k . plied to the model trailer was passed through atomizers and
allowed near continuous Doppler signals which were con-
verted into velocity and time. In these experiments, the de-
cay of the velocity along the enclosure and vertical profiles
at 1, 2 and 4 m are obtained. In addition to these profiles,
1080 measurements for horizontal and vertical velocities are
X performed in the whole medium/symmetry plane in order to

represent the streamlines and airflow pattern.

0.68m 1.1m

2.5m
<

0.62m 1.22m
1

(Outlet) | :::::ﬁ:f:f:ﬁ:ﬁiijSm 3. Numerical modelling

~

1. vernin ionsand h hesi
Fig. 2. Cross-section showing inlet and outlet positions and dimensions. 3 Gove g equations a d ypothesis

The description of temperature and air flow development
are based on the conservative law of mass, motion and
energy. Natural convection is considered by using the
Boussinesq approximation in which density was treated
as a constant value in all solved equations except for the
buoyancy term in the momentum equations which was
treated as(pp — p)g = poB(T — Tp)g, Wherepg andT, are
the reference density and temperature, respectivelygaad
d- the thermal expansion coefficient. The solved equations can
be written as follows:

Mass conservation:

performed. The second-moment closure with the Reynolds
stress model as described by Launder et al. [18] and two ba-
sic two-equation models: the standarek and a renormal-
ization group (RNG) [19].

2. Experimental device

The experiments were carried out using a reduce
scale (1:3.3) model of a truck enclosure with respect
to the adimensional Reynolds numb@e= pUpDn/u).
Afterwards, all the data: dimensions, flow rate and results, dU;
are expressed for the actual scale (Figs. 1 and 2). The aier = 1)
is supplied through a small inlet section located adjacent .
to or near the ceiling, at a relatively high velocity. Due to Momentum conservation:
the Coanda effect, this design should allow to the issuing U U
confined wall jet to adhere, as far as possible, to the ceiling ———
and to improve the ventilation efficiency on the whole
enclosure. _ 1P (po—p) o i( Ui _)

=— + g8iz + 1% — Uil (2)

The walls of the scale model are made of wood. Only one p 0x; 00 0x; \ dx;
lateral wall is made of glass to allow internal air velocity
measurement using laser Doppler velocimetry. The blowing
and outlet sections are located on the same side at the fronu,; T o
of the trailer. Tox; = gj(”ﬂ) (3)

The determination of mean velocity and its fluctuation
was performed using a laser-Doppler anemometer. It com-whereu;u; andu ;r are, respectively, the unknown Reynolds
prised a 50 mW laser diode emitting a visible red beam at stresses and heat fluxes. The obtaining of these quantities de-
690 nm wavelength, a Beamsplitter, a Brag cell, a focussing pends on the turbulence closure. For the case investigated,
and receiving lens and a pinhole arrangement to collect scat-two levels of turbulence modelling closure have been em-
tered light from within the measurement value and a photo- ployed:

Energy conservation:
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— on one hand with two-equation models: the standard 3.1.3. RSM model

k—e and the renormalization group (RNG), based on the
Boussinesq hypothesis;

— on the other hand with a second-moment closure with
the Reynolds stress model (RSM).

3.1.1. The standarfl—< model

The obtaining of the transport equations for Reynolds
turbulent stress is performed by subtracting the product of
the mean velocities by the time-averaged Navier—Stokes
equations from the product of instantaneous velocities by
instantaneous Navier—Stokes equations. This gives rise to:

Using the Boussinesq hypothesis, the Reynolds stresseq/; :

can be described as follows:

aU; dU; 2
—ujj = v,(ax; 8Xij) — :_3]“3"-" (4)
the eddy (turbulent) viscosity, is obtained from:
k2
=C,—
V¢ w e

The turbulence kinetic energy and the dissipation rate
¢ are determined using the following transport equations,
respectively:

ok a ak

Vt
f— = — — | — Py — 5
"9x; 8x,~|:(v+6k>8x,~i|+ k—e ®)
de 0 v\ de e
— = — — )| — —(C1P,—C 6
o 8x,~|:(v+cr£)3x,:|+k( 1P 2€) (6)
P, represents the shear production term:
oU;  aU;|aU;
N ™
ax]' axi ax]‘

ouju;
0Xk
ol _____  p o (ujuy)
:—8—Xk|:uiujuk+;(Skjui—i-&kuj)—V ™
ou; ou; ou; ou;
+Pij—£ L -2 — 2 9)
; ploxj  Odxi 0Xy 0Xk
where
p oU; aU;
i = —UjUg—— — Ul
ij i ka)Ck Jj ka)Ck

represents the production term.

The diffusive transport term was represented by a sim-
plified form of the generalized gradient diffusion hypothesis
as:

d

p
: [uiu,’uk + ;(&qui +dikuj) —v

d(ujuj)
0Xk
V¢ d

ad
)

The pressure-strain term consisted of the linear return-to-

(10)

where S represents the modulus of the mean rate-of-strain SCropy and is modelled by Launder et al. [20] as:

tensor, defined as:
1

dU; AU,
— - + -+
2 8xj 3x,'
The model coefficients in the standaree model are:
(Cpu, C1,C2, 0%, 0¢) = (0.09,1.44,1.92, 1.0, 1.3)

S= ZSi'Sij, Sij = (8)

3.1.2. The renormalization group-c model
The RNG-based—¢ turbulence model is derived from

the instantaneous Navier—Stokes equations, using a math-

ematical technique called “renormalization group” (RNG)
methods. The analytical derivation results in a model with
constants different from those in the standard model,
and includes an additional source temnin the transport
equation of the dissipation-rate defined as:

n>(L—n/no) &
1+8n° k

m

k
n=_5-
&

The version used is that of Yakhot and Orszag [19]
(hereafter denoted RN is used). The model coefficients
in the RNGk—e model are:

(C;,La Cla C2a Ok, O¢, 10, ﬂ)
=(0.08451.42,1.68,0.7194 0.7194 4.38,0.012

ou;
axj

]
Jo axi
e 2 2
= —Clg[uiuj — §5ijki| — C2|:Pij — :—))aijP}
where the constant€; = 1.8 and C> = 0.60, and P =
0.5P;.

The dissipation term was assumed isotropic, and was
approximated by:

(11)

ou; du; 2
2v i == ij€

oxp 0xr 3
where the dissipation rate was computed viasghensport
equation.

The turbulent heat fluxes was expressed as:
_ 0 <LT)
Pr;

ujt
3.2. Boundary conditions

0x;

The computational domain may be surrounded by inflow
and outflow boundaries in addition to symmetry and solid
walls.

At the inlet, uniform distribution is assumed for velocity
components, kinetic energy of turbulenigeand the energy
dissipation rateso. The numerical values are specified as:
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— (Uox = Up, = 0; Ug, = Ugp = 11.5 ms! representing 4. Resultsand discussion
the mean streamwise longitudinal velocity, giving an
inlet flow rate Qg = 5500 n$-h~1; 4.1. Airflow pattern analysis

- Ty =0 and T, nq= 1, the overall heat transfer
coefficient through the enclosure’s wall is considered as
being equal to B W- m~2.K~1;

— ko = 3/2(Uolo,)%; wherelo, represents the turbulence

In order to better understand the behaviour of the flow
patterns within the enclosure, we represent in Fig. 3(a) the
streamline related to the mean flow field in the symmetry
plane. These streamlines are obtained from 1080x(2%)

intensity of thez-component of velocity at the inlet; measurements points made using the LDV system. On the
— g0 = (C"%g°/0.07Dy) where Dy represents the hy-  same plane, Fig. 4 presents the decrease of the velocity from

draulic diameter of the inlet section; the middle of the blowing section. It can be seen that the wall
— for the RSM model, turbulence is assumed to be

isotropic: i

ujuj = §k05ij

According to these conditions the Reynolds number is
considered as being equal t0x210° in experiments and
numerical simulations. \
At the outflow, pressure is supposed to be uniform and <
zero-gradient is applied for all transport variables. : =
The turbulence models are only valid in fully turbulent re- (b)
gions. Close to the wall, where viscous effects become dom-
inant, the model is used in conjunction with wall functions. %

governing the wall is used [12].

At the symmetry plane, zero normal velocity and zero
normal gradients of all variables are assigned.

The computations were carried out using FLUENT, a
commercial computational-fluid dynamics (CFD) code on
a three-dimensional configuration. The governing equations
are solved using the finite-volume method in a staggered grid
system. Non-uniform grid distribution is used in this study, @
with finer grid in regions near the inlet, outlet and walls
where high gradients are expected. I

In these simulations, the quick scheme, based upon :
three-point upstream-weighted quadratic upstream interpo-
lation rather than linear interpolation between consecu-
tive grid points [20]. The principal objective in using the Fig. 3. Influence of the turbulence model and the grid size on the flow
quick scheme is to reduce the grid size required to yield a pattern at the medium plane: (a) Experiment; (b) RSM model-) (d)
grid-independent solution, in comparison to the low-order RNGk—¢ model; (€) RSM model with a coarse grid.
scheme.

In order to test the influence of the grid size on the
solution, three types of the grid are tested:

SR L1t

“

RSM mode (fine grid)

P —— —k-epsilon model

,,,,,,,, RNG : k-epsilon model

= = = = RSM model (coarse grid)

— arelatively fine grid with 5& 52 x 240: depth (2.46 my
height (2.5 m)x length (13.3 m}= 624 000 cells;

— amedium grid: 56« 52 x 160 (416 000);

— acoarse grid: 46 42 x 142 (238560 points).

Ué(m'soj) 3

IS

N

. . . 6I.ength (m)B
In all figures presented below, the fine grid has been used

unless otherwise stated. Fig. 4. Decay of the jet velocity along the enclosure.
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0,5 1
041 1<T*<3.4
0,3
T 02
0,1 Fig. 7. Contour plot of adimensionnal temperature distribution
o (T* = (T — To)/(Texit — To))-
-0,1 T T T : v . Y 25 Ceiling .
0 2 4 6 8 10 12 14
Length (m) 2
T 15
Fig. 5. Evolution of the wall shear stress on the ceiling along the enclosure. f = Experiment
g RSM Model
z 1
500 -
0,5
400 - 0
-2 0 2 4 6 8 10 12
U, (mls)
a
300 - @
N 25

200 A

RSM Model
= Experiment

100 -

Height (m)

0 2 4 6 8 10 12 14
Length (m) 0

2 0 2 4 6 8 10
U, (mis)

(b)

Fig. 6. Evolution of the wall § on the ceiling along the enclosure.

jet separates from the ceiling at approximately 10 m from the 25
inlet and reattaches at floor level. ,
This separation, whose mechanisms are discussed later,
splits the jet into two regions dominated by two vortices of
opposite circulation. The primary recirculation located on
the front part of the enclosure delimits the reach and the
action of the inlet jet. Conversely, the secondary flow located os

at the rear part is weakly supplied by the primary jet. In
addition, the velocities are very low. 4 2 0 2 4 6 8
Figs. 5 and 6 show, respectively, the longitudinal evolu- (”C‘)(m’s’
tion of the wall shear stress along the enclosure on the ceiling
and they™ quantity related to the adjacent first cell. Due to  Fig. 8. Vertical profiles of horizontal velocities: () 1 m; (b) 2 m; (c) 4 m.
marked variations in velocity along the enclosw€,varies
from 380 at the blowing to 10 on the rear of the vehicle. At 4.3. Turbulence modelling performance
the separation point, the wall shear stress vanishesand
shows slight discontinuity. But we should note that at this  In order to better understand the mechanisms governing

Celling

o

—— RSM Model

= Experiment

Height [m)

point, the logarithmic law of the wall is not valid. the diffusion of the confined jet in the enclosed area, it is
necessary to investigate, in addition to experimental data,
4.2. Thermal field numerical data since the latter are more complete. Before

use, it is essential to validate the model by comparisons with
Fig. 7 represents a contour plot of adimensionnal temper- experimental data. In order to perform this step correctly,

ature distribution T*, which is defined asr* = (T — To)/ we carried out comparisons on both local velocity measure-
(Toutlet— To))- It can be seen that in the primary recirculat- ments and the global behaviour of the airflow patterns.
ing areaT™ is below or equal to 1. This reflects high ven- Fig. 3(b), (c) and (d) show the streamline predictions ob-

tilation efficiency without stagnant zones as encountered in tained byk—s, RNG and RSM for the fine grid. Only the

piston flow. Conversely, at the rear of the enclosure where RSM model shows the ability to catch the secondary recir-
secondary recirculation dominateg* reaches high values culation and to predict correctly the general behaviour of air
which indicates a low ventilation efficiency. motion related to the primary and to the second recircula-
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tions. In addition, the predicted positions of detachment and

reattachment points are very close to experimental data (see | « Experiment

Fig. 3(a)). However, according to comparisons concerning — 2D Wall jet
4 RSM model

velocity profiles reported in Fig. 8, the RSM model seemsto ;4]
overpredict to some extent the diffusive character of the jet _
near the inlet sections at 1 and 2 m. This trend can be due to?E 06 1
a surestimated value of turbulence intensity at the inlet. >
Although the RNG was successfully used to predict flow 0.4 -
separation in an axisymmetric 180arrowing bend by Luo

[21], its predictions for the present geometry are similar to 0.2 -

those of thek—s model. It can be seen that neither model is RN

able to predict flow separation. The poor predictions given 0 - ; - -
by two-equation turbulence models< and RNG) can be 0 2 4 fengm(:) 10 12 "

explained by the overly diffusive character of these models.
In addition, according to Wilcox [15] and Menter [16], the Fig. 9. Decay of the maximal velocity of the jet.
k—e model predicts significantly too high shear-stress lev-
els and thereby delays or completely prevents separation.
According to Launder [22], this trend can be more pro- 25 |
nounced in the presence of adverse pressure gradient and ’2 |
leads to overprediction of the wall shear stress. This im- & |
plies the non-separation of the jet from the ceiling and leads
to increased domination of the primary recirculation in the |
whole enclosure. This failure of the-e based models in pre- o , ‘ ‘ , ‘ : .
dicting complex flows, including secondary and/or separated 0 2 4 6 8 10 12 14
flows caused by adverse pressure gradient, was observed by Length (m)

many authors [14-16,21]. However, we should mention the
good ability of thek—s model to predict the abscissa of the
detachment point with an accuracy within 10% for a non-
isothermal wall jet supplied in an unbounded ambience [23]. 4E+03 1
But in this case, the detachment of wall jet is driven only by
buoyant forces and is of an unavoidable nature.

3,59

— RSM Model

Fig. 10. Evolution of the flow circulation rate scaled by inlet flow rate
through the enclosure.

3E+03 A —— RSM Model

vl
K, 2E+03 o

1E+03

4.4, Sensitivity to the grid size

The good predictions given by the RSM model (Fig. 3(b)) 0E+00 . . . . ‘ : .
seem to be altered by using a coarse grid defined above. In 0 2 4 6 8 10 12 14
this case (Fig. 3(e)), the detachment point is located more Length (m)
downstream and in turn the second recirculation area isrig. 11. Evolution of the turbulent viscosity ratio through the truck along
reduced on the advantage of the primary recirculation. The the blowing medium line.
altered RSM predictions become closekta based models
ones. This behaviour can be explained by the increased of This Comparison shows that the jet evolution in the
numerical diffusion due to the discretisation of the coarser confined enclosure is similar to a wall jetin a free ambience
grid. over x/h = 50, representing 5 m from the inlet section.
Other data concerning the medium grid, not presented This distance coincides with the centre of the primary flow
here due to lack of space, show that the predicted solutionrecirculation which tends to reinforce the Coanda effect and

given by the fine grid is grid-independent. the maintaining of the jet on the ceiling. This mechanism
Hereafter, only numerical data, obtained using the RSM ayoids the formation of a direct short-circuit between inlet
model and the fine grid, will be used. and outlet sections. Beyond the centre of recirculation, the
combined effect of this recirculation and the outlet tends to
4.5. Comparison with a two-dimensional wall jet accelerate the decay of the wall jet and finally to separate it
from the wall.

Fig. 9 presents a comparison concerning the longitudinal
velocity decay between the present configuration and a4.6. Aerodynamic behaviour of the two recirculating areas
two-dimensional wall jet introduced in a free ambience
(p = constant). This jet was approximated by measurements To better illustrate the air flow characteristics of each
performed by Meyers et al. [24}1,,/ Uo = 3.5/ (x/ h)°°. recirculating area, Figs. 10 and 11 represent from numerical
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Thus, the separating flow can be explained by the pres-
62 7 — RSM Model ence of an adverse pressure gradient. The separating area can
60 - be characterized by a certain balance in the horizontal direc-
tion among pressure gradient, inertia, viscous and turbulent
stresses and in the vertical direction between Coanda effect
56 - and the normal pressure gradient caused by the outlet suction
54 ‘ ‘ ] . . . . effect and the entrainment by recirculating flows. Therefore,

0 2 4 6 8 10 12 14 the dynamic interaction between these different effects can

Length (m) probably explain the instability of the detachment point po-

sition since it oscillates around an average position. In this
area, the velocity measurements are characterized by weak
fluctuations in the order of 1 Hz consequently, the zones oc-
data given by the RSM model, the longitudinal evolution cupied by these recirculations expand and narrow at the rate
along the enclosure of the airflow rate scaled by the inlet flow of these fluctuations.
rate(Q(z)/ Qo) and the turbulent viscosity tacked on middle From a numerical standpoint, the use of averaged turbu-
of the blowing section. For a given cross-section along the lence models does not allow prediction of the existence and

Pressure ( Pa)

Fig. 12. Evolution of static pressure through the blowing medium line.

enclosure, the circulating flow ratg(z) is calculated as: the importance of these fluctuations. A better analysis taking
into account the spatial-temporal character of these fluctua-
Q@)= 0.5/ |U, | ds (12) tions necessitates the use of non-stationary turbulence mod-

els such as Large Eddy or Direct Numerical simulations.

S@ . .
© However, the drawbacks in terms of computing cost and
— S(: represents the considered cross-sectiqreaprdi- memory storage could be too high, especially for the large
nate: space investigated.
— U;: represents the local longitudinal velocity normal to

S2)-
5. Conclusion

The results show a very net aerodynamic contrast between
the two recirculating areas. The higher values of flow rate |y this study, experiments and numerical simulations
and turbulence viscosity related to the primary recirculating \vere carried out in order to characterize velocities and air-
reflect respectively the importance of convective and diffu- flow patterns inside within a long and empty slot-ventilated
sive mechanisms in this area compared with the secondaryenclosure characterized by the presence of inlet and outlet
recirculating area. It can be seen that the flow rate of the pri- sections on the same side at the front.
mary recirculation is five times higher than the inletflowrate  The experiments carried out on a reduced-scale model
and ten times higher than the second recirculating flow rate. wjith a Laser Doppler velocimetry show a flow separation
Consequently the ventilation efficiency or the air changes of the blowing wall jet along approximately two thirds
per hour defined as the ratio between the inlet flow rate andof the total length of the enclosure. This separation splits
the whole volume of the room, should be revised and ad- the jet into two regions dominated by two vortices of

enclosure. data shows good overall agreement concerning positions of
detachment and reattachment points, velocity curves and
4.7. Flow separation analysis the global behaviour of airflow patterns. Conversely, the

standard and the RNG— based models fail to predict any

If the maintaining of the blowing jet on the ceiling can flow separation.
be easily explained by the Coanda effect, its separation The analysis of numerical results given by the RSM
over a certain distance from the inlet necessitates analysingmodel shows that the convective, momentum diffusive and
the external flow generated by the outlet and its impact on air-renewal mechanisms related to primary recirculation
it. The reverse flow of the outlet implies generation of a are significantly more important than concerning secondary
positive pressure gradientfddz > 0; z is oriented towards  flow recirculation. The flow rate of the primary recirculation
the rear). This gradient is favourable to the reverse flow is ten times higher than the second recirculating flow rate.
and defavourable to blowing wall jet. Fig. 12 presents the This implies large temperature differences in the rear part
evolution of the pressure along the enclosure. This evolution of the enclosure. Consequently, air renewal requirements
indicates the presence of a high positive (adverse) pressur&eomputed using actual averaged values of air changes per
gradient between 7 and 9 m that corresponds to the transitionhour should be revised and adjusted according to the local
between the two recirculating areas. values of airflow characteristics.
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