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Abstract

Natural ventilation of building provides improvement of internal comfort and air quality conditions leading to a significant reduction of
cool-ing energy consumption. Design of natural ventilation systems for many types of building is based on buoyancy forces. However,
external wind flow can have significant effects on buoyancy- driven natural ventilation. The paper was concerned with transient investi-
gation of airflow through two vents in the absence of opposing flow in the upper opening. A flow of this type represents a new class of
boundary- layer flow problems in the building. Moreover, this is an exact solution of the complete Navier- Stokes Equations (including,
buoyancy force term), which were then Non Dimensionalised using some dimensionless parameters and then solved analytically by sepa-
ration of variable methods in which, the behavior of parameters in the results were predicts the velocity, temperature profiles together
with volumetric airflow and mass transfer. The results were then evaluated numerically for several sets of values of the parameters in

order to ascertain the best for optimal ventilation.
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1. Introduction

Generally, Air flow distributions in buildings are considered to be
as a result of the knowledge of the exact air supply to a building.
Knowledge of the exact air supply to a building is necessary to
determine its thermal performance and the concentration of the
indoor pollutants. The exchange of air can be achieved either by
mechanical means (Mechanical ventilation) or through the large
opening of the building envelope (Natural ventilation). Exchanges
between external ambient and interior space of buildings caused
by flows that are driven by wind or by temperature differences are
the foundation of natural ventilation process. Of course,humans,
who are increasingly spending more time indoors, to extend the
possibilities of living in uncongenial or squally conditions etc, are
pursuing natural ventilation. The improvements of the quality of
the interior space in both its attractiveness, spaciousness, luminos-
ity, and more importantly its proper natural ventilation are major
concerns for designers of modern structures. Airflow modeling
gives Architectures and Engineers the luxury to consider several
design options in the minimum amount of time. As a result, the
final design is not based on a tentative approach, but is a result of
a professional design process considering several options and
selecting the optimum solution. This can save on capital and run-
ning costs save time on commissioning. Many attempts to investi-
gate this phenomenon have been made by some researchers. [2]
Studied a convective heat and mass-transfer through large open-
ings, which plays an important role in the thermal behavior in
buildings. [1] Investigated airflow process in single-sided natural
ventilation by using a computational fluid dynamics (CFD) meth-
od together with analytical and empirical models. [4] Considered

building having two openings at different vertical level on oppo-
site walls, the heights of the two openings are relatively small, and
the areas of the top and bottom openings are A, and Ay, respective-
ly. The study also considered an indoor source of heat E, and the
wind force can assist or oppose the thermal buoyancy force, when
the indoor temperature is uniform. [3] Presented an experimental
and numerical analyses of heat transfer and air flow on an interac-
tive building facade. [5] Investigated air flow rate across a vertical
opening induced by a thermal source in a room, various parame-
ters were used in designing natural ventilation. [6] Considered
wind-driven cross ventilation in building with small openings. [8]
Studied airflow process across vertical vents induced by stack-
driven effect with an opposing flow in one of the openings was
presented. [9] also recently presented an investigation of stack-
driven airflow through rectangular cross- ventilated building with
two openings using analytic technique. [7] Presented a simple
mathematical model of stack ventilation flows in multi-
compartment buildings, with a view to providing an intuitive un-
derstanding of the physical processes governing the movement of
air and heat through naturally ventilated buildings.

The main objective of this paper is to analytically determine the
behavior of parameters involve in the results that predicts the tem-
perature, velocity profiles together with volumetric airflow and
mass transfer in a rectangular un- stratified cross- ventilated build-
ing with two openings on a vertical wall and discussed the asymp-
totic behavior of the results graphically. This is the novel approach
which will lead to better understanding of the phenomenon and
help in optimizing the designs for better natural ventilation. The
organization of the paper is as follows. Section 2 contains the
description of the building and statement of problem under study.
Section 3 present Material and method while section 4 present
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formulations of the models. The results of our numerical simula-
tions are presented in section 5. Finally, we make a concluding
remark in Section 6.

2. Description/ statement of problem

In this paper, transient investigation of airflow process through
rectangular cross- ventilated building with two vents in the ab-
sence of opposing flow in each of the upper opening is considered.
A flow of this type represents a new class of boundary- layer flow
problems in the building envelope. Moreover, this is an exact solu-
tion of the complete Navier- Stokes Equations (including, buoyan-
cy force term). The building considered is un-stratified cross-
ventilated rectangular building with two openings. In which the
building has one upper and one lower rectangular opening. The
upper opening has an area of 0.7m x 1.0m, while the lower open-
ing is 0.7m x 2.0m. Dimension of the building is 5.3m X 3.6m X
2.8m with air as the connecting fluid. The domain envelops were
separated from one another by a vertical rectangular openings of
heighty* and widthx,,, which is illustrated in Figure 1. The density
of air in the building is maintained at p, with temperature at8* and
pressure P.

Insulated roofing

'
i
¢

Fig. 1:Diagram of Un-Stratified Cross-Ventilated Rectangular Building
with Two Openings.

3. Material and method

In this paper we discussed the temperature- velocity- profiles to-
gether with volumetric and mass transfer for transient Stack- driv-
en airflow through rectangular openings in building with two
openings in the presence of uniform interior temperature (see Fig-
ure 1). Schematic diagrams of airflow process inside the building
and the one vertical upper vent are shown in Figure 2 and 3 below.
The flow is transient that depends on the height of the opening on
the vertical walls. Airflow is assumed to be at low speed so that it
will behave like incompressible fluid. Internal heat source is neg-
ligible q « 1 (see Figure 2 and 3). An approximation of reduced
gravity is invoked. One Dimensional Navier Stokes Equations
with appropriate boundary conditions will describe the problem.
The model Equations are written in a dimensionless form and
solved analytically by means of separation of variable methods.
Graphical study of the results has been made using MATLAB
Computer package.
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Fig. 2:Schematic Diagram of Airflow Process Inside Un- Stratified Cross-
Ventilated Rectangular Building with Two Openings.
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Fig. 3:Schematic Diagram of Airflow Process across One of the Vertical
Vent in Rectangular Building with Two Openings.

Interior

Notations and Greek’s words

C4,Cy,C3,Cy Coefficients

P Separation constants

A* Total area of the openings

X Width of the openings

y Dimensional height of the openings
y* Dimensionless height of the openings
Cq Discharge coefficient

G Acceleration due to gravity

P Air pressure

t Dimensionless time intervals

T Dimensional time intervals

tmax Maximum time

Dimensional velocity profile
Dimensionless velocity profiles
y*) Dimensionless steady velocity profiles

S cc

oo
K<*
-
<

Ui (y* t*) Dimensionless unsteady velocity profiles
m*(y*, t*) Dimensionless mass — transfer
Q*(y*t") Dimensionless volumetric airflow

Uc(y), Ucy*, t7)
U, ("), Up(y*, t™)

*

Complimentary solutions
Particular solutions

Neutral height

2

S Dummy variable

L Length scale of the height of the opening
a Thermal diffusivity

v Kinematic viscosity

B Thermal expansion coefficient

0o Effective thermal coefficient
AO Dimensional change of air temperature
0:(y") Dimensionless steady temperature profiles

8 (y",t9) Dimensionless unsteady temperature profiles
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6 Dimensional temperature of air ' .

6*(y*, t*) Dimensionless temperature profiles 9 _ "2_921 @)
Constant density of the air ov oy . . o
pD(}mensionIess paramete¥ With the following boundary condition for dimensionless tem-

Pr Prandtl number perature profiles as,
Subscripts . . .
S OSER h 0<y"<1,04(0,6) = 0,05(1,t") = 0,05(1, tyay) = Sint".

4. Model formulation

The convective motion induced by stack- driven effect as illustrat-
ed in Figure 2 and 3 is described by one dimensional Navier-
Stokes Equation given as,

au . %U

E = BAG + Va—y2 . (1)
26 926

i 2

With the following dimensional boundary conditions as,

0<y<2t=0,U00)=0,U(2)=0,U(0,t) =0,U(2,t)
=0,,0(0) = —0,,0(2) =1—-0,,000,t)
=0,0(2,t) =0.

U*gBABL? t*L2
)

By scalingy withy*L, velocity U with - t=— ,and intro-

ducing 6 with8*A6 + 8,, whereAd = 6 — ,.
In dimensionless form the above Equations (1) and (2) may be
expressed as,

au* 02U A 4

e = Pro a0y @3)
90* _ 9%6*

o = 3y @)

With the following dimensionless boundary conditions as,

0<y*<1,t*=0,U7(0) =0,U*(1) = 0,U;(0,t*)
oU*(1, tpax)
=0,U0:(1,t) =0,————
(L) o
= —0,,0"(1) =1 —0,,0;(0,t%)
=0,0;(1,t*) = 0,0;(1,tpax) = Sint*.

= UO! e*(o)

The steady state Equation in (4) using the boundary condition for
dimensionless temperature profiles is,

dzé*
o 0 (5)

0<y <1,6%0) =—0,,6(1) =1—8,
yield the resulting solution as,
0:y) =y" — 8 (6)

The Equation for the time dependent is one given in Equation (4)
as,

96" 0%0"
at* - ay*z

The separation between the steady and unsteady part of solution
are as follows,

0° (v, 0) = 0%y + 05 (y", 1) @

The Equation (4) is also valid for the unsteady part of the solution
as,

The separation given by,
0.(y", ") = Y(y)T(t") 9)
Leads with Equation (8) to the eigen value problem as,

+ = —p2forP, > 0. (10)

T!

y”
T v

With generalized solution of the form,

0;(y",t") = Kze P sinhP, y* (11)

Equation (11), together with the homogeneous dimensionless
boundary conditions yields to,

6:(y*, t*) = Kze ™™t sinhnmy* (12)

Similarly, using 6;:(1, t,;qy) = sint*, from Equation (12) one
obtains,

. 22
sint*e " " tmax

K; = for,t* > 0,n =

N =

35
sinnm T2727 7T

The resulting Equation (12) becomes,

0 (y*, t*) = Ms'nhn * (13)
uly - sinnm L my-.
The general time dependent solution for dimensionless tempera-

ture profiles is,

sint*e~ "7 (tmax—t")

6*(y*,t) =y" — 6o + sinhnmy*. (14)

sinnm

The steady state Equation and boundary condition for dimension-
less velocity profiles is,

d2u*

PT‘WZ —é*(y*) (15)
0<y*<1,U0*(0)=0,U*(1) =0.
Plugging the Equation (6) in Equation (15) yields to,
dzu* .
Pria=—0"~0). (16)

Starting with the homogeneous part of Equation (16), one obtained
the complementary solution as,

Uc(y") = C + Cy™. (17

By employing the variation of parameter methods, one can write
the particular solution as,

o 1 0 y*Z y*3
U =5 (- %) (18)
The general solution is given by,

N N N 1 9 *2 *3
Us (") = G+ Coy" + - (22— - ) (19)
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The two constant which appear in Equation (19) can be deter-
mined by prescribing the boundary condition for the velocity field
in Equation (5), thus obtaining,

) = (8272 () ) @

WhereC; =0,C, = — % (% — %) are the two arbitrary constant.

Plugging the Equation (14) in (3) yields to,

au* a%u*
=Pr— *—0,
at* 6y*z + y 0 +

sint*e—nzﬂz(fmax—f*)

sinhnmy*. (21)

sinnm

The separation between the steady and unsteady part of solution
are as follows,

Uy, t") = Us (y") + U (y™, ). (22)

The Equation (21) is also valid for the unsteady part of the solu-
tion as,

sint*e~"* T (Emax—t")

au;, - pr o%u;,

L ay*? +y = 90 +

sinhnmy*.  (23)

sinnm
With the following boundary condition for velocity profiles as,
0<y*<1,U;(0,t) =0,U;(1,t*) =0.

Starting with the homogeneous part of Equation (23), one obtain

auv* dau*
i - PTW =0. (24)

The separation is given by the complementary solution as,
Ueym,t) =Y(y)T(") (25)
Leads with Equation (24) to the eigen value problem as,

I Y~ _p2forp, > 0. (26)

PrT Y
The generalized complementary solution is of the form,
Us(y*, t*) = e Pt (CscosPyy* + CysinP;y*) (27)

The particular solution for Equation (21) is given by,

o ey owpn PTYY «_ BoPry™?

Up(y*, t*) =yt = (Bot > )+

Ms'nn “(t* —n2m2(1 - Pr)) (28)
sinnm innmy T

The generalized solution of unsteady velocity profiles is of the

form,
U,y t") = Us(y™, t*) + Up (™, t7).

This yield to,

%3
Ui (y*, t*) = e Pit (CscosPyy* + CysinPyy*) + y*t* — PrTy _

* [ Pry*z . s 4%
(Got —-=2 > )+ P sinnmy*(t* —
n?n?(1 - Pr)) (29)

sint*efnzﬂz(fmax*f*)

The two constant which appear in Equation (29) can be deter-
mined by prescribing the boundary condition for the velocity field
in Equation (22), thus obtaining,

o= (B2 (22 )

*3
e It (C3cosPyy* + CusinPyy™) + y*t* — PrTy - (Hot* -
GoPry*Z

2
(30)

sint* e~ (tmax—t")

sinnmry*(t* — n?n2(1 — Pr)).

sinnm

ePit « . . PT
— | —6gt*coshP; — t to -

sinPy

Where,C; = 0,t*efit’, C, =

(? _ t*) 0o — Sint*e_nznz(tm‘“‘_t*)(t* —n2m2(1 — Pr))). (31)

Therefore, the general time dependent solution for dimensionless
velocity profiles is given by,

o 1Byt oy 36,—1
U(y,t)—ﬁ< -

> 3 3 )y >+ Got*cosPyy

sinhP;y* 0-t*cosP. — t* +Pr
sinP; ol €OSTy 6
Pr .
(o)
- sint*e‘"Z"Z(CmM'”*)(t* —n?m?(1 - Pr)))
pry*? 0, Pry*?
byt gt Zy
sint*en?m (tmax—t") w( % 202(1—P 32
+——————sinnmy (t* —n?m%(1 - Pr))(32)

The volumetric airflow is defined in Equation (33) below,
s
Q (v, t7) = A'cq [,_? U*(s)dsdt” (33)

Putting Equation (32) in (33), one obtains

KAk gk * 5=£ 1 (06 y*z y*3 360-1 £
Q0 = A [ |5 (-2 - (7)) +

sinhPyy*
sinP;

Pr

* * — * — * E_ * —
Oot*cosPyy* + ( Oot*cosP; —t* + A (2 t )90

%3
sint*e ™™™ (tmax=t) (£ — n2m?(1 — Pr))) + oyttt — Prz _
«  BoPry" sint*e T (tmax—t") lon 2201
Oot™ + 2 + sinnm sinniy (t nm?(1
Pr)).] dsdt* (34)

Where, s is a dummy variable.
The results for Equation (34) yields to volumetric airflow as,
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I 16 3 _ 1 .4 _ (36-1 *2) e 82, Y I
(Pr (48 3847 s ) ) t+ 2P Bosink, =
t*? t*? | Prt*  6,Prt* t*?
2 6 2 2
. (t*—n21r2(1—Pr))e‘"2"2(tmllx_t ){ Cgst \ 2c0st*e~? T (tmax—t")  sint*e —nzﬂz(fmax—f)
(l—COSPly—) n2n2 \smt - nimt
N 27 nAnt 14—
PysinPy I _ (nznz) ) |
1+n2n2
QU ) =Acq \ / (35)
y*zt*z B Pry*"‘t" Gopryxstx B Got"Sy*
16 384 48 4
(e-n2r2a-pr))e W m tmax ) _cost* | 2cost' e T (tmax—t") sing*e=n* T (Emax—t")
sint
n2m2 \ n2 2}' a i ntmt
+ (1—casnrry7) " 1+(n2n2)2
nmsinnm |\ 1+# /l
The mass transfer is given by Equation (36) below as,
m*(y*,t*) = poQ*(y*) (36)
By plugging Equation (35) in (36), one obtains the mass transfer as,
v I/ 2 *
9 = 4* | G063 _ L w4 _ (362D *z) B cmp ¥ (oSt t LTt GoPrtt
m(y,t) =4 Cdp°|< (48y 384 PrEmd t +2P1 BosinPy 2 PysinP, | 90 2 cosPy — 2
n2n2(1—- pr) —nzﬂz(fmax—t )( mst\ 2cost*e~T? M2 (tmax—t")  sint*e—n?m2(tmax—t")
702 (sint”—5— )+ gy
mr n4n4<1+—1 > mr |
tx2 272 2 *Zt*Z P *4t* 0. P *3t* 9 t*3 *
| 1 (n2n?2) | +Y Tyt BoPry LA
\ 1+n2_112 / 384 48 4
(t*—nznz(1—Pr))e‘n2"2(tmax“ ){ . cost \ 2c0st* e~ T2 (tmax—t*)  sinee~n2m2 (tmax—t")
n2n2 \Smt ntnt
y* n4m4 1+71
(1—cosnn7) (nz,TZ)
nmsinnm 14— (37)
n2m2
Dimensionless temperature profiles againsty” and t' at 90 =0.01
5. Numerical examples I
= "=0.00
In this section the main features of the solutions found in the pre- A =050
vious section (5.0) will be discussed. This is done in order to see ‘; 15 Y2100 |
the effect of changes of effective thermal coefficient 8, to the Dy =
overall distributions, while keeping other operating conditions and 2
parameters fixed, and ascertain the best one for optimal natural g
ventilation. & 1t
A Physical interpretation of dimensionless temperature profiles for g
three incremental values of 8, = (0.01,0.03,0.05)is presented in g
Figure 4, 5, and 6. In which in Figure 4 as t* increase the corre- g
sponding 6*(y*, t*) increases with8, = 0.01. In Figure 5 as t* 2 05r i
. . . . . 1)
increase the corresponding 8*(y*, t*) increases with 6, = 0.03. 8
And in Figure 6 as t* increase the corresponding 8*(y*, t*) also 5
increases with 8, = 0.05.The obvious features to be observed is g 0 |
that, all the lines of flow for temperature profiles across the open- £
ings are linearly distributed. Therefore, it is found that the best e
value of 6*(y*, t*) for optimal natural ventilation is when6, =
0.01 andt* = tq, = 1.0. 05 I SR S S
0 01 02 03 04 05 06 07 08 09 1

Dimensionless height of the openings(y*)

Fig. 4:Dimensionless Temperature Profiles 6*Versusy* and t* At6, =

0.01.
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Dimensionless temperature profiles (8"(y",t")

Fig.

0.03.

Dimensionless temperature profiles (0"(y",t"))

Dimensionless temperature profiles against y* andt"at 60 =0.03

3 3 3 3 3 T 3 3 3

— 2000
= {'=0.50
t'=1.00

r r r r r il r r r

0.5
0

5:Dimensionless Temperature Profiles 8 Versusy* and t* at8, =

01 02 03 04 05 06 07 08 09 1

Dimensionless height of the openings(y )

Dimensionless temperature profiles against y and t” at 6 = 0.05
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Fig. 6:Dimensionless Temperature Profiles §* versusy* and t* até,

0.05.

A Physical interpretation of dimensionless velocity profiles for
three incremental values of 8, = (0.01, 0.03,0.05)is presented in
Figure 7, 8, and 9. In which in Figure 7 as t* increase the corre-
sponding U*(y*, t*) increases with6, = 0.01. In Figure 8 as t*
increase the corresponding U*(y*, t*) increases with 8, = 0.03.
And in Figure 9 as t* increase the corresponding U*(y*, t*) also

increases with 6, = 0.05. The obvious features to be observed is
that, as t* increases the line of flow for velocity profiles across the

openings also increases. Therefore, it is found that the best value
of U*(y*, t*) for optimal natural ventilation is when 8, = 0.01.
andt™ = tyay = 1.0.

Dimensionless velocity profiles (U(y",t))

Fig.
atd,

Dimensionless velocity profiles (U™(y",t))

Fig.
atd,

Dimensionless velocity protiles (U (y ,t))

Fig.
atf,

0.18

0.16

0.14

0.08

0.06

0.04

0.02

Dimensionless velocity profiles against y* andt’ at 90 =0.01

3 3 3 3 T v 3 3 3

= 20,00
= 1'=0.50
t'=1.00 ]

01 02 03 04 05 06 07

Dimensionless heiaht of the openinas(v’)

08 09 1

7:Transient Dimensionless Velocity Profiles U* Versus y* and t*

=0.01.

-0.02

8:Transient Dimensionless Velocity Profiles U* versus y* and

Dimensionless velocity profiles against y' andt” at SO =0.03

3 3 3 3 3 3 3 3 3

— "20.00
= '20.50
t'=1.00

r r r r r r r r r

0

01 02 03 04 05 06 07 08 09 1
Dimensionless heiaht of the ooeninas(v’)

= 0.03.

Dimensionless velocity profiles against y* andt” at 90 =0.05

3 3 3 3 3 3 3 3 3

m— "20.00
{2050
t'=1.00 1

01 02 03 04 05 0.7

Dimensionless height of the openings(y*)

0.6

0.8

9:Transient Dimensionless Velocity Profiles U* Versus y* and t*
= 0.05.
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A Physical interpretation of dimensionless volumetric airflow for
three incremental values of 8, = (0.01,0.03,0.05)is presented in
Figure 10, 11, and 12. In which in Figure 10 as t* increase the
corresponding Q*(y*,t*) increases with6, = 0.01. In Figure 11 as
t* increase the corresponding Q*(y*, t*) increases with 8, = 0.03.
And in Figure 12 as t* increase the corresponding Q*(y*,t*) also
increases with 8, = 0.05. The obvious features to be observed is
that, as t* increases the volumetric airflow also increases. There-
fore, it is found that the best value of Q*(y*, t*) for optimal natu-
ral ventilation is when 8, = 0.01 andt* = t,,4, = 1.0.

« 10° Dimensionless volumetric airflow against yX and t” at 60 =0.01

8 3 3 3 3 3 3 3 3 3

— t*=000
t'=0.50
t'=1.00

Dimensionless volumetric airflow (Q*(y*,t))

- = ? 14 r r
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Dimensionless height of the openings(y*)

Fig. 10:Transient Dimensionless VVolumetric Airflow Q*versusy* and t* at
6, = 0.01.

X 10° Dimensionless volumetric airflow against y* andt at 60 =0.03

7 T T T T T T T T T

— "20.00
t'=0.50
t'=1.00

[=2]
T

Dimensionless volumetric airflow (Q*(y",t))
N w = o
T T T T
1 1 1 1

[N
T
1

n i r r r
0 01 02 03 04 05 06 07 08 09 1
Dimensionless height of the openings(y”)
Fig. 11:Transient Dimensionless Volumetric Airflow Q*versusy* and t*
At 6, = 0.03.

_3Dimensionless volumetric airflow against y™ and t” at 6,=0.05

x 10
6 T T T T T T T T T
— 1"20.00
5L t*=0.50 |
t'=1.00

I
T
1

Dimensionless volumetric airflow (Q"(y",t))
N w
T
1 1

=
T
1

T r r

= T r
0 01 02 03 04 05 06 07 08 09 1

. . _ Dimensionless heiaht of the openinqs(v*)
Fig. 12:Transient Dimensionless Volumetric Airflow Q*versusy* and t* at

8, = 0.05.

A Physical interpretation of dimensionless mass transfer for three
incremental values ofg, = (0.10, 0.30,0.50)is presented in Figure
13, 14, and 15. In which in Figure 13 as t* increase the corre-
sponding m*(y*, t*) increases withf, = 0.01. In Figure 14 as t*
increase the corresponding m*(y*, t*) increases with 6, = 0.03.
And in Figure 15 as t* increase the corresponding m*(y*, t*) also
increases with 6, = 0.05. The obvious features to be observed is
that, as t* increases the mass transfer also increases. Therefore, it
is found that the best value of m*(y*, t*) for optimal natural venti-
lation is when 8, = 0.01 andt* = t,,, = 1.0.

-3 Dimensionless mass transfer against y* andt at 90 =0.01

3 3 3 3 3 3 3

x 10

Y)

LHIENSIVNESS [1ass ualisier (1 y

= T r r r

0 01 02 03 04 05 06 07 08 09 1
Dimensionless height of the openinas(y”)

Fig. 13:Transient Dimensionless Mass Transfer M*versusY* and T* at
0, = 0.01.
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. 10° Dimensionless mass transfer against y"and t" at 6, = 0.03 2) A decrease in effective thermal coefficient8, results in an
9 ; ; r r r r r r r increase in velocity profiles U* across the openings. The ve-
—*_0 00 locity profiles U* is more sensitive at lower values of effec-
8r 20,50 tive thermal coefficient®,. Therefore, the main features to
il =100 | be observed is that the velocity profiles U* is higher in

> comparison to higher value of time intervalst®.
13 5l | 3) A decrease in effective thermal coefficientf, result in an
g increase in volumetric airflowQ*. The volumetric airflow Q*
5l | is more sensitive at lower values of effective thermal coeffi-
" cient8,. Therefore, the main features to be observed is that
é al | the volumetric airflow Q* is higher in comparison to higher

@ value of time intervalst®.
% 3k J 4) An increase in effective thermal coefficient6,, result in an
@ increase in mass transferm®. The mass transfer m* is more
g ok 4 sensitive at lower values of effective thermal coefficient,.
a Therefore, the main features to be observed in this research
1k 4 is that the mass transfer m* is higher in comparison to high-
er value of time intervalst™.

0" . r : 5) The greater vertical distance between the openings, and the
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Fig. 14:Transient Dimensionless Mass Transfer M*VersusY* and T* at
0, = 0.03.
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Fig. 15:Transient Dimensionless Mass Transfer M*VersusY* and T* at
0, = 0.05.
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6. Conclusion

A Transient investigation of stack- driven airflow process through
rectangular cross- ventilated building with two vents in the ab-
sence of opposing flow in one of the upper opening was presented.
Parameters such as, effective thermal coefficient and Prandtl
number were also introduced, which were believed to have signif-
icant effects on natural ventilation process in buildings. Analytical
techniques were employed to obtain the possible solutions of the
model Equations, which predicts velocity- and temperature pro-
files together with volumetric airflow and mass-transfer. Various
parameters on air flow process were used to see the effect of
changes of effective thermal coefficient 6, for different time in-
tervals (t*) to the overall flow distributions, and ascertain the best
one for optimal natural ventilation. Therefore, expected objectives
in the paper are achieved.

The paper lead to the following conclusions:

1) A decrease in effective thermal coefficient8, results in an
increase in temperature profiles 6* across the openings. The
temperatures profiles 8* is more sensitive at lower values of
effective thermal coefficient0,. Therefore, the main features
to be observed is that the temperature profiles * was within
comfortable conditions for higher value of time intervalst*.

greater temperature difference between the inside and the
outside, the stronger is the effect of the buoyancy.
The model is only valid for cross- ventilated building with two
openings at the same height.
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