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Abstruct:

A numerical study to predict the distribution of air velocity, turbulence
kinetic energy and static pressure inside an enclosure with obstruction
iIs done. The characteristics of air flow are analyzed under different
parameters such as location of inlet-outlet apertures and height of the
obstruction. The Naries — Stockes and turbulance equations are solved
using finite volume technique. The k-e¢ model with wall function
approximation is used. This work focused on study of the effect of the
obstrucion on the flow disribution inside an enclosure with different
locations of inlet —outlet apertures. The results show that the
recirculation regions are greatly effected with the position of the inlet-
outlet apertures more than the location of the obstacle. Also the results
indicated that the recirculation regions are increased when the obstacle
IS nearest to the outlet paerture.

eal) Jals e agag e Ll Cika Jia JAIS (ablaa) lad) Julas

9 b Asall dBlal) 9 o lsgdl Eow g il e A sla) a3 Gagll 13 b cpalitual)
cad plagd) Gl pallad Jidad a3 L el JAl @ile dgag ae Lped CiSe Jia Jly Sl bl
— 8l cWalea il gl g aBge IS g zg Al g Jeial claih adlpe Jle Adla Qe G
GhhaY) Jiase asiiud dufall o2 8 . aasall anald) 55 aladiuly Wds a3 hhucl) ¥ alee g (S g
aBlsay mS By guay il B puil) Sale) ghalia of gl culy L jland) A Ay A Bl aa ((k-€)
) B eal Bale) (ghlia of @il cuiy Loy . gilall adgay WAL e JiS) oAl 5 Jeiall clazd
Joaal dad ) Ale g Al dazd ) Gud) 3ilal) adisa (S Ladis

Nomenclature:
hs heigh of the aperture, m
H heigh of the enclosure, m
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hin location of intlet aperture

ho location of outlet aperture

I ] tensor notation, -

k turbulance kinetic energy, m?/s°
L length of the enclosure, m

P pressure, N/m?

Yp distance from position p to the wall, m
Greak symbols:

€ turbulance dissipation rate, m%/s
H molecular viscosity, N.s/m?

vt eddy viscosity, m?/s

ok ;0e¢ turbulent schmidt numbers, -

K von karman constant, -

E empirical constant, -

S, source term, -

1. Introduction.

There are two main ways to obtain the characteristics of the flow inside an
enclosure, one is from full —scale test and the other from numerical analysis.
Some papers have been published on the experimental investigation of air
motion, such investigations are very expensive and detailed measured data
are not available. With the development of computational fluid dynamics
there is many investigations relating analysis of the flow of air inside an
enclosures [1-10]. These investigations range from the prediction of air jet
diffusion, air velocity and temperature distribution to fire and smoke spread
inside building. The aim of this study to get an insight into the turbulent
recirculating air flows inside an enclosure with obstruction under different
positions of inlet-outlet apertures. Solving of the goverening equations is
done numerically using finite volume techniques. This method supply us
with a set of discretizations equations having algebraic form. The problem of
interest is shown in Fig. 1. The size of aperture is equal to 0.2 H and the
height of the obstacle equal to 0.25 H [9].
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Fig.1.physical problem
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2. Mathematical Model.

The instantaneous motion of turbulance flow can be mathematically solved using
the conservation laws of mass and momentum. More than 250 years ago , Claude
Navier and George Stokes derived the differential equations that govern the
behaviour of fluid mechanics [2]. These equations are the conservation laws of
momentum and the instantaneous turbulent flow field. The general form of these
governing equations can be written as follows[2]:

Continuity equation

0

&(puf)ZO _______________________________ (1)
|

momentum equation:




Journal of Thi-Qar University No.l1 Vol.4 June/2008

The instantaneous quantity ¢ can be expressed as (,;5: p+¢ ,where ¢ is the time

averaged value and ¢ is the fluctuation part of (,; After Reynolds averaging the

governing equations and using the above expression of the instantaneous quantities,
the equationsn have the following form:

(P )= O 3
5. Pu) @)
UU, -op o [ ou
= L _ u _____________________________________ 4
OX; X OX, [ X - ’J )

Where pu;u; constitute the second — moments statistical correlation or so-called

Reynolds stresses.

2-1  Turbulance model

One of the most widly spread models is the standard k.e. model by Launder and
Spalding [8] . This model applies two transport equations i.e. turbulent Kinetic
energy k and dissipation rate €, as follows:

9PY; :iﬂmﬂJﬁ} SO () S —— 5
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J
where the shear production term, ( p ) are define as:

ou 0Ou._\ou.
P, =, Ly e 7

i

OX; 0% | OX;
and the eddy viscosity is define as:

Mt:my? ------------------------------------------------------------------------- 8

the model coefficients are ( ox 306¢ ; Cie; Coe ; CH)=(10, 1.3, 1.44 , 1.92, 0.09 )
respectively[8]. These coefficients are considered empirical coefficients.

2-2  Boundary Conditions:

In order to complete the mathematical model , the following boundary conditions are
defined as follows according to Ref.[10]

At inlet

U = Uin

k=0.05u2

e=k"/H

A=0.05

at the walls
Assume no slip boundary conditions are imposed.
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£, = s P ; nis coordinate normal to the wall and P is a point adjacent to the wall.
KY,

3- Numerical Procedure

Finite volume method (FVM) is used to solve the above mentioned mathematical
model. This gives a system of discretisation equations which means that the system
of elliptic partial differential equations is transformed to the system of algebraic
equations. Common Gauss-Siedl method helps in solving algebraic equations
system. The essence of the discretization is to select appropriate discretization
scheme (appropriate option of balance between convective and diffusion terms
through the boundary of each control volume.) The general governing differential
equations takes the form[11]:

div(pU®) = div(Cgradd®)+ S 9)

In this paper orthogonal grid with hybrid scheme is used. The one dimensional
convective and diffusive fluxes can be expressed as follows:

J, =pud —F%) (10)

Then by using finite volume method the discretization of east side flux by hybrid
scheme gives the form [11]:

oD\ D, + D, D, +D.
[puob—rgl—(pU)e ,— L. Ay, (11)

A computer program is built to obtain the results of numerical procedure using
SIMPLE algorithm. The first calculation is started from zero field and the every one
takes the previous as initial condition.

4- Rsults and Discussion:

The results obtained from this study including velocity vectors, turbulent kinetic
energy and static pressure are discussed as follow:

Fig 3. demonstrates the computed velocity vectors for different position of inlet-
outlet aperture. It is clear that the position of aperture affected the flow behavior in
all the studied cases. In case (a) the flow is characterised by the wall jet region and
small recirculation region. When the air is detached from the wall, the inertia force
is decreased and the velocity vectors begins to increase at the outlet aperture. A part
of the flow recirculates under the effect of obstacle. There is no core region is
formed in this case. In case (b) two recirculation regions are found, one in the
vicinity of the wall and the other in the upper corner. The effect of obstacle on the
flow is obvious. The recirculation region size is the larger among the other cases.
The values of the velocity vectors are less in the vicinity of the outlet region. The
semi core region is seemed to be formed at case (c) where the position of the
apertures allow the flow to circulate and the inertia of the wall jet is decreased. The
effect of the position of the obstacle on the flow distribution is depicted in Fig.4. As
the figures show, the recirculation regions become large when the obstacle be closer
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to the outlet aperture. This phenomina is demonated for all the studied cases. The
obstacle affected the location and size of the recirculation region. Fig. 5. exihibts the
effect of height of the obstacle on the flow disribution. It is clear that the
recirculation region is increase in the regions adjacent to the obstacle at case (b).
The validation of the numerical procedure is tested with the published experimental
results as shown in Fig. 6. As the figure shows the agreement was satisfactory.
Figs(7-8) shows the turbulent kinetic energy disribution under the studied cases. As
Fig. 7. shows the turbulent kinetic energy is higher at case (a) among the other cases
at the same location of the obstacle while in Fig. 8. the turbulent kinetic energy was
higher when the obstacle is closer to the outlet aperture. The pressure disribution
for the studied cases is seen in Fig.9. isobars of the studied cases indicate the
pressure drop and the values of these isobars are different according to the position
of aperture.

6. Conclusions:

In this work , the k-e model gives acceptable results to estimate the structure of
turbulent — recirculating flow inside a ventilated encloure with different positions
and heights of the obstacle. The obtained results indicated that the enclosure re-
circulation regions are increased when the obstacle is closer to the outlet aperture.
Also the results indicated that the presence of obstacles in such kind of problems
distorted the formation of central core region.
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Fig.7. Turbulent Kinetic energy
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Fig.9. contours of predicted Static
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