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Abstract: Problem statement: This study reported a numerical investigation loeé-dimensional
turbulent buoyant recirculating flow within a roowith heated obstructiompproach: The study
involved the solution of partial differential eqigats for the conservation of mass, momentum, energy
concentration, turbulent energy and its dissipatiate. These equations were solved together with
algebraic expressions for the turbulent viscositg he heat diffusivity, using &turbulence model.
Results: The present study demonstrated the flow behavibermial distribution and CO
concentration inside the room in the presence at Rax obstruction with respect to three sizes of
obstruction. Conclusion: The energy usage coefficient (efficiency of venida) increases with
decrease in size of obstruction. Concentration©f iS very often used as an indicator for the control
of air flow rate to the building. For the largestes of obstruction, the concentration of £i9
maximum above the obstruction and reduces witligdaction in the size of the obstruction.

Key words: Concentration of Cg efficiency of ventilation (Thermal), velocity digution,
temperature contour, Computational Fluid DynamiegD)

INTRODUCTION heat transfer have brought computer usage within
reasonable cost limits for practical design proldem

Air-conditioning is a process that simultaneouslyCraven and Settles (2006) applied experimental
conditions air; distributes it combined with thetdmor  velocity measurements by using particle image
air to the conditioned space; and at the same timeelocimetry PIV and a computational fluid dynamics
controls and maintains the required space’sCFD simulation was performed of the human thermal
temperature, humidity, air movement, air cleanknes plume in a standard room environment with moderate
sound level and pressure differential within thermal stratification. The effects of thermal
predetermined limits for the health and comforttteé  stratification on the plume were explored via
occupants (Wang and Lavan, 1999). Moureh and Flickomparison with the results of a CFD simulationain
(2005) carried out experiments and numericaluniform environment Gosmaet al. (1980) carried out
simulations in order to characterize velocities andmeasurement and calculation properties relevatitgo
airflow patterns within a long and empty slot-vé&aitd flow in ventilated rooms. The measurements were
enclosure characterized by the presence of inldt anobtained by laser-Doppler anemometry in a smallesca
outlet sections on the same side at the front.\ation ~ model room with a single square inlet. The caldoket
is defined as “controlled supply and exhaust oftair made use of a numerical procedure which solves, in
improve the indoor air quality”. There are fourfdient  finite-difference form, the elliptic partial-diffential
ventilation principles used to control the air dimtion  equations for three components of velocity, the
within ventilated rooms namely, unidirectional flow pressure, the turbulence energy and its dissipaéite
ventilation, mixing ventilation, displacement vdation  Calculated results are shown to be in close agreeme
and local exhaust ventilation (Zou Yue, 1999). Rece with the present measurements and with other dlaila
researches turned their efforts towards finding arexperimental data. Awbi (1989) applied a numerical
alternative approach based on the numerical solatfo solution to predict the air movement in square plan
the governing flow equations for mass, momentum andoom ventilated by a continuous slot diffuser asrthe
scalar properties. This is because recent advaimces width of the ceiling and at a distance 1.2 m fromvedl
numerical calculation procedures for fluid flow and discharging towards the far wall. Two-dimensional
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non-isothermal solutions were used and this pradluceTurbulence model: In the present study the &-
realistic predictions of the vertical velocity and turbulence model has been used. The (PDE) for the
temperature  profiles when  compared  withturbulent kinetic energy k and its dissipation ratare
measurements in the room. Rees and McGuirk (2002)s follows:

used displacement ventilation room in conjunctiathw

chilled ceiling panels. Complex lateral oscillatoare 0 Uk s B ok G 4G -

seen in the plumes above the heat source which aX, PEETI M o, i kT B TPE
impinges on the ceiling and induced significant

recirculating flows in room. Calculations show good w)oe | e

agreement with those of experimental results. The M{pUia—(Mc‘}“}:k[Q(@H G )- Cpe]

indoor air flow and contaminant particle concendnat
in the two different rooms have been investigatgd b
Tain et al. (2007) using the large eddy simulation. The\‘;vrr:der_e’ck and g, are turbulent Prandtl number for k
first room is without contaminant and the seconthwi &
contaminant. A good agreement is achieved between

the predicted and measured data. _HIIZ

au, duU, oy, _ . .
oY . —— =Kinetic energy
axj 0X, axi

MATERAILS AND METHODS generation by shear

THE general form of the (PDE’S): The equations to G, =—“‘—gﬁalzKinetic energy generation by buoyar
be solved could be expressed in the general form o 0

(Hadidi, 1998):

Where:
B = The thermal expansion coefficient
i(p(DU.)Zi r 9%\, ¢ g = The gravitational acceleration.
aX, Yooax, U tex, ) "
The turbulent viscosityy can now be calculated
Wh from the values of k ang
ere:
9 (oU,) = Convection t S
R(p<1> ;) = Convection term w =C, —
i €
a[rma@] = Diffusion term where, G, G, C, are the turbulence model constant
2 2 given by (Fluent Inc., 2006):
Se = Source term
@ = The dependent variable Cu G G Ok O

0.09 1.44 1.92 1.0 1.3

Table 1 gives_ the expre_ssic_ms for the source MJumerical solution procedure: The computations
§ for each variable that is likely to be needed inyere performed using Fluent Inc. (2006) under stead

solving ventilation problems. state conditions by solving equations of the
conservation of mass, momentum, energy and
Table 1: Diffusion coefficients and source for eaahiable concentrations. Pre processing requires the
Equation @ Ty 3 construction of geometry and generation of the mesh
Continuity 1 0 0 on the surfaces or volumes. This is done with the
Momentum u n -p +1/3(nO ) +pg, software gambit, linked to Fluent. Before startiag
-p,+1/3(pOL)+ simulation the physical models have to be tackled.
Momentum \Y H oB(T -T.)g This includes the choice of incompressibility,
ref y

viscosity and definition of boundary condition. The
transport equations are discretized using the €finit

Momentum W -p,+1/3(p0U)+ . . .
. P+ LIuOL) +pg, volume method. The central differencing scheme is

Temperature T r a used to approximate the convective terms at thesfac
C of the control volumes. The SIMPLE algorithm is

Concentration ~ C r pc employed as the pressure-velocity coupling meth
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Fig. 1:
b/h = 0.42; (b) b/h = 0.83; (c) b/h = 1.66

The convergence criteria for the solution velositie
pressure, concentration and energy aré. Fbr post
processing analysis of the results, there are nuoifbe
choices available for the presentation of the tesul
Namely: contours, x-y plots, velocity vectors and
path lines. Through these available choices several
variables can be analyzed like velocity, tempegatur
turbulence, density and many more.

The geometry considered and boundary
conditions: The geometrical arrangement of room
that has been tested in the present work has
dimensions of (5.4x2.5x3.6 m) (LxHxW).her
dimension of the obstruction and the coordinate
positions of their centers are listed in (Table ™)e
Schematic of the room and computational grid
employed for the present solution of ventilatednnoo
with different size of a heated obstruction is shaw
(Fig. 1). The sizes of obstruction, value of volume
flow rate, temperature at inlet and the metabdie r
of obstruction as standing activity (Awbi, 1991k ar
given in Table 3.
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Schematic of the room and mesh employedhf@isolution of ventilated room with heated obstian at (a)

Table 2: Dimension and position of objects in teatiated room

Object Sizem Position (x,y,z) m
Inlet 0.2 (L)x0.4 (W) 0,1.8,0.6
Exhaust 0.3 (L)x0.4 (W) 54,14,1.6

0.5 (b)x1.2 (h)x0.4 (w)
Obstruction 0.5 (b)x0.6 (h)x0.4 (w) 2.45, 1.6 oa floor

0.5 (b)x0.3 (h)x0.4 (w)

Table 3: Values size of obstruction, flow rate anétabolic rate
for ventilated room

Size of Air flow Inlet Metabolic
Case obstruction b/h  rate?min™ temperature K rate wh
1 0.42
2 0.83 14.7 293 116
3 1.66
RESULTS

Air flow pattern: The computed distributions of vector
and streamlines in the room are illustrated in.(E&@)

for case 1 (size of obstruction b/h = 0.42). bliserved
that the cold air enters horizontally, moves stra@nd
reaches to the east wall. Air flow strikes the east
wall and bends downwards to form recirculation
zone between the obstruction and the wall.
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Fig. 2: Velocity vector and stream-lines showing #ir flow patterns in x-y plane at Z=1.8 m (a)eca%, b/h =
0.42; (b) case -2, b/h = 0.83; (c) case 3, b/h68 1.
three cases occurs near the opening inlet dueetgeth
Velocity of The air at inlet (2 m/sec) is reduceada of ventilation and constant air flow rate.
reaches to the minimum value at the stagnationt poin
the center of recirculation zone. It can be se@mfr tomnerature distribution: The temperature of the
(Fig. 2b) for case '2. the size of obs_tructlon et inflow air in the room is 293 K and that of the
b/h = 0.83. The recwcul_amon zone is formed betwee obstruction is 300 K at metabolic rate  116WY.
the left face of obstruction and the east wall #mg . o
. i . (Fig. 3) shows temperature distribution in x-y @aat Z
recirculation zone extends to upward of obstruction : . .
= 1.8 m with respect to three sizes of obstaurcti

(Fig. 2c) shows the minimum size of obstruction for’ )
case-3 (b/h = 1.66). Air flow strikes east wall dehds (Fig. 3a) show temperature contour for the size of

downward to traverse obstruction. The flow readiees °bPstruction b/h = 0.42. Cold air jet passes abdwee t

the west wall and forms large recirculation zois ts obstruction and strikes the east wall to form rdation
due to reduced size of obstruction. Center of larg&one at low temperature while the zone near lef faf

recirculation zone is at the same position as ia thobstruction remains unaffected. (Fig. 7b) shows the
pervious two cases. Maximum value of velocity fér a contour of temperature at size of obstruction-bh83.
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25 Z=18m Temperature K £8.5
> 300.50
ao0.02
299.54
299.06
=l 298,33 -
7 20730 2 67
2 296,85 =
5 296.537 =
u 296.41 c
a 296.29 =
195,91 2 68.5 1
295.59 =
zoa1 Z
HE o
£ 68
-
@ =
erature K 67.5 Top of obstruction
16 298.41 b
B o I
g i e 67
= 11 296.00
2 10 295.95 L L 4 L
5 o .73 0 0.5 1 15 2
ki L] 295.66
- i nea Size of obstruction (b/h)
5 298.23
4 295.00
H e Fig. 4: Average Nusselt number on the top face of
1 293.55 . . .
obstruction at three values of size of obstruction
(b) . - .
where, R, is the local heat transfer coefficient in
Zolsm _— e turbulent flow over a plane surface (Chen and Cheng
————— = W 29644 2006)
13 296.04
_ 1z 295.93
g » e
3 9 29538 kc(aT/ay)‘W
é B 295.49 ox = -
= e (Tw=Ta)
5 295.21
4 294.97
a 294.54
z an Based on the results of the local Nusselt number,
e iection average Nusselt number on top face of obstructaom ¢
© be determined by the expression:

Fig. 3: Temperature contour showing the variatiédn o

L
temperature in x-y plane at Z = 1.8 m (a) case- Nu :;J' (0T/0 y)‘w dx
1, b/h = 0.42 (b) case -2, b/h = 0.83 (c) case- 3, (Tw=To) %
b/h = 1.66

The jet of cold air reaches east wall and thus esus Ave_rage Nusselt numper on the t.op face of
reduction in the temperature in the zone betweest WeObSIFUCtIO!’I fqr three.caseslls shown in F'Q- 4'5@13
wall of room and the left face of obstruction. Trane ~ "uUmber is increasing with decrease in size of
between the left face of obstruction and west wéll OPstruction due to decrease in the temperature
room remains still unaffected. (Fig. 3c) shows difference between the top face of obstruction medn
retrogression effect of obstruction due to redusizeé  t€mperature.

of obstruction b/h = 1.66. Jet of cold air reacteesast

wall and forms recirculation zone with low temperat  Distribution and concentration of CO,. CO,
The effect of obstruction seen is less than thasthé  concentration distribution at three sizes of olttom is
previous cases due to reduction in size of obstnuct shown in Fig. 5. As shown in (Fig. 5a) maximum £CO
concentration in case-1 is near the adjacent zmma f
obstruction faces. The concentration of .Cl@d the
upper zone of the room is minimum due to higher
ventilation rate in comparison with the other zomes
the room. Figure 5b for case-2 shows maximum value
c of CO, concentration near the left and top faces of the
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Effect of size of obstruction on Nuesselt number:
The local Nusselt number is defined as:
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obstruction. Cold jet of air strikes the east wafld For case-3 the C{concentrations is lower than case-2
forms recirculation zone between east wall andtrighand case-1 and the maximum value is seen above the
face of the obstruction. Thus GOconcentration top face of obstruction.

reduces in this zone. Figure 5c shows ,CO

concentration for case-3. It has maximum valuenat t Effectiveness of ventilation (thermal): Ventilation

top and left face of the obstruction; this is bessathe (tempergture) efficiencies_ for _three diffe_rent sizef

flow is not affecting these faces. Concentratioca, ~ obstruction are shown in Fig/ 7. It is seen that
in the zone between east wall and right face Oivennlauon_ (tfemperature) _eff|C|ency increases with
obstruction is less than in the pervious casesdl 2an decrease in size of obstruction.

due to reduction in the size of obstruction. Figére

shows CQ concentration distribution with three 0.00106 —
. . & dase
size of obstruction on central plane at Y.& m. 0.00104 —+— Case 2
—*— Case 3
0.00102
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Fig. 5: CQ concentration distribution according to Slze“’f“’b“mc“on bh’

changing size of obstruction in x-y plane at
z = 1.8 (kmol m’): (a) case-1 (b) case-2; (C) Fig. 7: Ventilation efficiency (thermal) with vatian
case-3 of size of obstruction
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DISCUSSION

Investigation and analysis of the flow field,
temperature and GOconcentration distributions in
three cases according to sizes of obstruction éntie
room which has heat flux 116 W flave been done by
using the numerical method at constant air flove.rat
Sizes of obstruction investigated b/h are 0.423 &&d
1.66. Value of air flow rates is 14.70°min™ (18.5
ACH).

The room temperatures of floor, ceiling, north,

. 3(2): 372-379, 2010

Ventilation of efficiency is higher when the
obstruction is small size and vice versa dependthen
difference between average and inlet air tempegatur

CONCLUSION

In this study the airflow characteristics inside a
room with an obstruction at three values of size of
obstruction have been investigated using CFD
simulation. Further, the effect of the size of obstion
on ventilation performance was studied on flowdijel
temperature distribution and GO concentration.

south, east and west wall are 297 K, 297.5 K, 296.®istribution of temperature is non-uniform. Energy

297.5, 296 and 297.5 K respectively. glkturbulence
model is employed to predict the indoor airflow.e8h

usage coefficient is increasing with increase e 9f
obstruction. Average Nusselt number for the toe fat

values and inlet temperature are taken from ar®bstruction is increase with decrease size of nbstm

elementary analysis of the characteristics of imcaio
flow summarized in (Li, 1992) and include estimated
thermal and flow ranges in rooms.

The velocity of air is low in the occupation zone

while in the upper zone is higher due to use mixind

ventilation. Range of Temperature distribution is

293.76-300.50 K in case 1 while reduce in case 2 to

range 293.55-298.41 K and reach in case 3 to 393.5

depend on convective heat transfer. The temperature
distribution is minimum in all the three cases ntar
inlet opening and maximum near the obstruction.
Increments of the size of obstruction cause incréme
in the CQ concentration and have relatively large
energy consumption.
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