International Journal of Advanced Technology and Engineering Exploration, Vol 7(64)
ISSN (Print): 2394-5443 1SSN (Online): 2394-7454
http://dx.doi.org/10.19101/1JATEE.2020.762016

Review Article

A study of transient effect of constant indirect flow velocity through multiple
upper-vents in un-stratified rectangular ventilated building using theoretical
approach

Muhammad Auwal Lawan'’, Sunusi Aminu Nata Ala’?, Muhammad Yusuf Muhammad*, Aliyu
Lawan Musa®, Rabi’u Bashir Yunusa* and Bashir Danladi Garba*

Senior Lecturer, Department of Mathematics, Kano University of Science and Technology, Nigeria*

Researcher, Department of Mathematics, Kano University of Science and Technology, Wudil (KUST), Nigeria
Researcher, Department of Computer Engineering Technology, Ahmadu Bello University (ABU), Zaria, Nigeria®
Lecturer, Department of Mathematics, Kano University of Science and Technology, Nigeria®*

2

Received: 07-February-2020; Revised: 20-March-2020; Accepted: 24-March-2020

©2020 Muhammad Auwal Lawan et al. This is an open access article distributed under the Creative Commons Attribution (CC
BY) License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Abstract

The paper is an extension of authors own work in which, studied of transient effect of stack-driven airflow in cross-
ventilated building with three opening in the presence of opposing flow in one of the upper-vent. An analysis has been
carried out to study the transient effect of constant indirect flow velocity in rectangular building with multiple upper-
vents induced by stack-driven effect. Moreover, equations of momentum and energy are non dimensionalised using some
dimensionless quantities and solved theoretically by means of separation of variable method. The asymptotic behavior of
parameters involved in the study predicts the result for Velocity, temperature distributions together with volumetric and
mass- transfer. The results of the study are presented graphically and discussed for varying values of physical parameters
involved such as, effective thermal coefficient( 8y), Prandtl number( Pr) and Grashof number( Gr). In addition,
comparison with previously published work by was performed. In which, the study concluded that, the results for present
work is more effective and efficient than the previous work in term of ventilation process. Finally, from the course of
investigation, it was observed air temperature and velocity increase with the increase in both parameters( 8,), ( Pr) and
( Gr) respectively.
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1.Introduction

Studied associated to natural convection flow of
incompressible and compressible fluids has received
considerable interest due to the enormous
applications in  various fields of industry,
architectural design, science and technology. Several
studies have been reported on natural convection
flow under different physical situations. A study of
natural ventilations in building plays an important
role in architectural design especially, in building
envelopes. Airflow process can either be achieved by
natural means (natural ventilation) or by some
external means such as, fan, air conditioners etc.
(mechanical ventilation) or by combined natural and
mechanical ventilations (hybrid ventilation).
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Many investigation and experiments have been
carried out by previous researchers in ventilation
phenomena. Some of the previous interventions in
the area are; [1] investigated airflow process in
single-sided building. Performed an experiment on
scale effect in room air-flow and later [2, 3]
investigated air movement on naturally-ventilated
building. Investigated air flow across wall vents
caused by thermal source in building based on the
study given by [4, 3].

Studied the effect of buoyancy forces on airflow
across the two openings in building [5]. Studied the
effect of indirect flow with constant indirect velocity
in rectangular ventilated building with three- vents
[6]. Studied a building with bi-directional flow
openings [7]. Developed a computational fluid
dynamical model in rooms with indoor air pollutant
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[8]. Investigated a room airflow distribution system
using computational fluid dynamic (CFD) [9].
Described the approach with advantages and
disadvantages of various methods for modeling air
flow in the building and also studies buoyancy-driven
natural  ventilation of  buildings-impact  of
computational domain [10]. Studied displacement
ventilation when the interior of the building was
stratified[11]. Studied the mixed ventilation when the
interior of the building has uniform temperature [12].
Considered airflow process combining the ideas of
mixed and displacement ventilations in building by
[13, 14]. Studied effect of stack- driven airflow in
cross- ventilated building with an opposing flow in
one of the wupper- vent [15]. Developed a
mathematical modeling of wind forces [16].

Developed a linear thermal models of mixed- mode
building [17]. Examined airflow process induced by
buoyancy- driven forces on the floor of an enclosure
in the presence of wind [18]. Estimated exchange of
air by natural means potential and considered thermal
comfort issues [19]. Performed an experiment
examining the heat-transfer and airflow in interactive
building fagade [20]. Studied natural convection flow
for heat and mass- transfer in a single- sided
ventilated building [21]. Performed CFD simulation
to reproduce the decay of CO, concentration in a
large semi-enclosed stadium [22]. Developed natural
Ventilation potential model of airflow in china [23].
performed an experiment in heated, sealed room of a
test house [24].

Performed an experiment on a vertical temperature
distribution by combining natural and mechanical
ventilation in an atrium building[25]. Performed an
experiment and investigated effect of buoyancy-
driven forces in single- sided ventilated building with
large openings by means of CFD methods[26].
Performed an experiment in full size ventilated box
[27]. Studied a building with two openings at
different vertical height [28]. Studied airflow caused
by wind and buoyancy forces [29]. Studied the effect
of wind- driven flow only in building interacted with
wind [30]. Studied the effect of wind- driven flow in
building envelope with small openings [31].
Developed a model of airflow induced by stack-
driven effect in multi-compartment buildings.
Calculation of heat- transfer and energy balance of a
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double skin fagade (DSF) was studied by [32, 33].
Effect of two buoyancy forces on natural ventilation
in an enclosure was investigated by [34]. Studied a
natural convection flow in a single sided building
with partition-1 [35]. Studied a natural convection
flow in a single sided building with partition-I1 [36].
Studied fluid mechanics of natural ventilation[37].
Performed an experiment in a full- scale naturally
ventilated  building [38].  Studied transient
investigation of airflow through two upper vertical-
vents in the absence of constant indirect flow velocity
in rectangular building [39]. Investigated the
potential use of natural ventilation strategies in high-
rise building in summer [40]. Developed a nodal
model to estimate temperature stratification in rooms
with displacement ventilation [41]. Discussed
numerical simulation of the wind velocity in
individual building using multi- zone modelling [42].
Studied the impact of window parameters on the
building [43].

The objectives of this study is presents the model and
discuss the effect of parameters and other operating
conditions involved in the study to the effect of
constant indirect flow velocity in rectangular building
with multiple- upper vents induced by stack- driven
effect. The governing equations describing the flow
are written in dimensionless form and solved
theoretically by means of separation of variable
method. In this paper the wvelocity, temperature
distributions together with mass- transfer and
volumetric airflow are obtained and discussed for
some selected values of parameters, such as Effective
thermal coefficient(6,), Prandtl number(Pr) and
Grashof number(Gr). Therefore, the model is only
limited with vertical openings on the same height.

2.Domain description

The paper considers a natural convection flow in un-
stratified rectangular building with multiple- upper
vents induced by stack- driven airflow. The building
envelope has air as the connecting fluid and separated
from one another by vertical- vents of height( y*)
and constant width of the vents( x,,) which is shown
in Figure 1. The density, velocity, temperature and
pressure of air maintained at p,, U*, T*and P.
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Figure 1 Diagram of the building envelope

3.Model formulation

The preliminary assumptions worked in the study are,
flow is assumed to be depend on the height of the
vents, steady flow with no internal source so as the
density of air will be nearly constant like

incompressible fluid (p_a=constant) and the pressure
be a component along the width of the vents in the
building. The airflow induced by Stack- driven effect
is shown in Figure 2.
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Figure 2 Schematic diagram of airflow in building induced by stack- driven effect

Under the usual assumption of reduced gravity, the
governing equations in dimensional form of the
momentum and energy equations are,
2

Z—l;+voz—;=gﬁAT+ngl:. (1)

2
3—: vy Z—; = ag—y:. )
with the initial and boundary conditions that satisfy
the problem,
vy = const.,u = 0,u(0,t) =0,T = -6y, T(0,t) =0 at
y=0and u=0, u(1,t)=0, T=1—-6,, ,T(1,t) =0
aty = 1. ?3)
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* 2 *72
Scaling y with YL, velocity u with 22205 ¢ = =

a
and introducing T with T*AT + T,.

The governing equations in (1), (2) and (3) are
transformed into dimensionless form as,
a%u*

au” au” * *
?_C%_y_ I-;r 7 T PrGrT (Y, ) 4)
T T T
o~ Cor = o ©

with  the following dimensionless boundary
conditions as,
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U* =0,U;(0,t") = 0,T* = 0, T;(0,t") =0 at Y =0
and U* = 0,,U:L(1,t*) — O,aU (Ltmax) — UOr T =1 —
0o, Ty (1,t*) = 0,Tyi (1, typay) = sint*atY = 1. (6)

where, C = —v,Pr.
The steady state equation for (5) is,

e e = @

dy? ay
solving equation (7) and applying boundary condition
(6), we obtain steady state solution for temperature
distributions as,

[
T*(Y) = =6, + —

1-e€

(e =1 ®)

The unsteady state equation for (5) is maintained as,
ar* 9T _ 9%1"

at* ay ~ ay?

steady and unsteady part of solution is,

T*(Y,t) =T"(Y) + T;(Y,t") 9
The separation is valid for unsteady part solution as,
oTy; oT; _ 0°T;; (10)

at* _ ay — vz )

solving equation (10) and applying boundary
condition (6), we obtain the unsteady state solution
for temperature distributions as,

C
T (Y, t*) = e_(P%HE)(CicoshdY + C,sinhdY) (11)
which can be further simplify and obtains,

T;(Y,t) = ;Zfld (P (tmax—t2+5) coshdy (12)

where, ¢; = 0,C, = % (Pftmar+5) for,q = YE—4P1 4P1

0<P1_Eatt = 0.

Therefore, the temperature distributions across the
vents is,

T*(Y,t* ) =
—0 + 3 (e = 1)+ 2 el Deoshay (13)

The unsteady state equatlon for (4) is maintained as,
au* BU

o B aaY .

u* U* e _

0~ C5 = Pr—+PrGr( O+ (e -1+
sint* (P tmax—t")

i coshdY) - (14)

The steady state equation of (14) is,

Pr ayz 4 C— = PrGr <—90 —cY _ 1)) (15)

solving equation (15) and applying boundary
condition (6), we obtain the steady state solution for
velocity distributions as,

U(Y) = Cs + C4e"°Y + Fa (601 —e¢) -
1)CY — e~C¥ (1 + )+ Pr(1 - 6,(1 - e—C))] (16)

which can be further simplify and obtains,
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* _ Gr _
Uy = c2(1-e~€)(1—ev0) (1 1-Pr )(e €—em—

e (e7¢ = 1) = ™" (1 — %)) + (1~ Bp(1
e—C))(C — Pr(1—e%) — CeVoY + (1 —e%)(Pr—

cn)|- (17)

where,

o = (RS (1)) (e-pra—e)
=

c2(1-e=C)(1—e0) rhA T
—Gr [+ (e +c(1-00(1-e9))|

c2(1-e~%)(1-ev0) ’
equation (4) becomes,

ou* ou* e ey
o oy (_90 el G
sint*

—d e(Plztmﬂx_t*)coshdY). (18)

solving equation (18) and applying boundary
condition (6), we obtain the unsteady state solution
for velocity distributions as,

Uiy, t9) =

. P% ((fmax—f*)—%vo(l—y)>
UpsinKYe

KcoshK—LsinK 2coshd

Pry? 90 eC N
) Bot* + COLY + 1_ec(t —cy -

sint*ePitmax—t") ( edY
1+P2+dC
edY

1+P2—dC
PrYz)
2

where,C5 = 0,Ce =

er(szmax——VO)

_ Jc7apre?
I(coshl(—%sml( ! - 2Pr (19)
Therefore, the velocity distributions across the vents
is,

(Y )= ——20r vy
U(Y,t) = Goamrn g [(1+25) (e¢ —ev
e (e = 1) — e (1 — e")) + (1 - (1 —
e—C))(C - Pr(l — e”O) — CeVoY + (1 _ evo)(Pr _

. P%((tmax—t*)—%vou—y))
CY))] + UysinKYe B

KcoshK—LsinK
2Pr

2 *
sint*eP1{tmax=t") ( edY e~ v
+ ) = 6ot + CO,Y +
2coshd 1+P2+dC | 1+P2—dC 0 0
PrY?29 e pry?
—°+—C(t*—CY— ) (20)
2 1-e 2

after integrating (20) one will obtain volumetric
airflow as,

Q (Y, t") = Arcy

[ﬁ(ﬁ r) (e —emi) -

Y
0

Twe c

(1-6,(1—e9) (—Pr(vO +(1- e”o))g +Pre® +
Y y? .
a-ew)(Pri-cZ)-pr)e+

2 wy, 1
P3| (tmax—t")+3v0 _vY
@e 2 (SinhK§+K2Pzzv7°coshK§)e ”04—1(1322"2—0

+
(Kcoshk+%vgsinhl()(1—l(2 (PZZVZJ)Z)
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<C(;,Szt**sint”)epﬁ(tmﬂx_t¥) 1 ed% e—d% 1 %
- - 2
1 — Bt T+

) 1 1+PZ+dC  14PZ-dC
2bcoshdPi| 1— P
(PD)

(€O +Pro, =) e+ (2L~ et - Pr:—Zt*)]l 1)

4 8

1-eC
]
By using an idea from elementary physics for
_ mi(y,t). (22)
a7 Q)

Therefore, the mass- transfer is,

[
X “ Gr Pr _c
m* (Y, ") = ArpaCa| Grmoa—em (1455 (e -

Y
]

v
e’0

L) - (e - 1)

Vo Vo c

14 .
+(1_evO)%+(eC—_1)_(1_—gVo)>+

(1-6,(1-e) (—Pr(v0 +(1- e"o))g + Pre™s +
Y y? .
a-ew)(Pri-cT)-pr)e+

2 o, 1
P3( (tmax—t")+mv Y
Ugvp PZ( (tmax (. v Y\ —vot v
e 2 <(smhK5+K2P22—2°coshKE)e V°4—KP22—2"

+
(KcoshK+%vosinhK)(1—K2(PZZVZ—")Z)

<ms;*—sint*)ep%(fmax—t*) & _a¥
PT 1-e 2 + e "2-1 —0 t*2£+
1 ) 14P2+dC | 1+P2-dC 0 4
2
(6]

2bcosth12<1—

(CGO%Z + Pré, :—Z) t*+ 1f—ic (t*2 % - C%zt* - Pr:—:t*)]l (23)
Notations and greek’s words

Cy,C,, C5,Cy, Cs, Cs  Coefficients

P,;,P, Separation constants

K,d,C Constants

Ar Total area of the openings in non-
dimensional
form
L Line scale
Vo Constant indirect velocity of the air
P Air pressure in dimensional form
Xy Constant width of the vents
y Height of the vents in dimensional form
Y Height of the vents in non- dimensional form
t Time in dimensional form
t* Time in non- dimensional form
Cq discharge coefficient
U, Constant velocity ofairat y = 1,t = tax
u Velocity of air in dimensional form

U Velocity profile in non- dimensional form
u;, Unsteady velocity profile in non- dimensional

form
Greek Symbols
Pa Ambient density of air
T, Ambient temperature of air
6, Effective thermal coefficient
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T Air temperature in dimensional form
AT  Change of air temperature in dimensional form
T Temperature profile in non- dimensional form

B Coefficient of thermal expansion
a Thermal conductivity ratio
v Kinematic viscosity of fluid

Non Dimensional Group

Pr Prandtl number
Gr Grashof number
Subscript

w  width of the vents

4.Asymptotic behavior of the results
Asymptotic behavior of the results obtained from
equations (13), (20), (21) and (23) are plotted. The
analysis of the results is done in order to see the
effect of changes of parameters such as involved in
the study to the overall flow across the vents while
keeping other physical parameters and operating
condition fixed.

The paper investigated the transient effect of constant
indirect flow velocity in rectangular building with
multiple- upper vents induced by stack- driven effect.
Although there are three parameters of interest in the
present work, effective thermal coefficient (6,),
Prandtl number(Pr) and Grashof number(Gr) with
time interval between t* = 0.00,0.51 and 1.02 In
this section, the value of 6, used is between
0.01,0.03 and 0.05, since, we assumed the internal
heat source is very negligible. Similarly, the value for
Gr is selected arbitrary between Gr = 10.0,20.0 and
30.00 and the value for Pr is Pr = 0.650,0.710
and 0.770 which is the actual value for air.

Figure 3, 4, 5, 6, 7 and 8 reveal the influence of
effective thermal coefficient (6,) and Prandtl
number(Pr) on the airflow temperature distributions
across the openings. It is clearly seen that airflow
temperature increase with the increase of effective
thermal coefficient (6,) and Prandtl number(Pr).

Figure 9, 10, 11, 12, 13, 14, 15, 16 and 17 reveal the
influence of effective thermal coefficient (6,),
Prandtl number(Pr) and Grashof number(Gr) (is a
non- dimensional group which approximate the ratio
of the buoyancy to viscous force acting on a fluid),
on the airflow velocity distributions across the
openings. It is clearly seen that airflow velocity
increase with the increase of effective thermal
coefficient (8,), Prandtl number(Pr) and Grashof
number(Gr). This is physictally true since growing
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Prandtl number decreases thermal diffusitivity of the
air.

Figure 18, 19, 20, 21, 22, 23, 24, 25 and 26 reveal the
influence of effective thermal coefficient (6,),
Prandtl number(Pr) and Grashof number(Gr) on the
volumetric airflow in the building. can be discovered
that volumetric airflow goes significantly upward
with the increase of effective thermal coefficient
(6,), Prandtl number(Pr) and Grashof number(Gr).
Figure 27, 28, 29, 30, 31, 32, 33, 34 and 35 reveal the
influence of effective thermal coefficient (6,),
Prandtl number(Pr) and Grashof number(Gr) on the
mass- transfer. It can be discovered that mass-
transfer goes significantly with the increase of

effective  thermal  coefficient (6,), Prandtl

number(Pr) and Grashof number(Gr).

Figure 36, 37 and 38 shows the comparison between
present and the previous work by [15]. The main
contributions from the present work is that, effect of
changes of parameters involved in the results goes
significantly upward compared with the previous
work. Therefore, effective thermal coefficient (8,),
Prandtl number(Pr) and Grashof  number(Gr)
exerts significant influence on the airflow velocity,
temperature distributions together with mass- transfer
and volumetric airflow in the building envelope.

Effect of effective thermal coefficient at &, = 0.01

2
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= 15 t'=1.02 e
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e
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=
=
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=
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Figure 3 Airflow temperature distributions for different values of t*(6, = 0.01)

Effect of effective thermal coefficient at 6, = 0.03
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Figure 4 Airflow temperature distributions for different values of t*(6, = 0.03)
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Effect of effective thermal coefficient at 90 = 0.05

2 - - - - - - - - -
—"=0.00
t"=0.51

1.5 t'=1.02 -

Temperature distributions (f(y*,t*))

0.5 e e e e e e e e
o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Height of the vents(y*)

Figure 5 Airflow temperature distributions for different values of t"* (6_0=0.05)

Effect of Prandtl number at Pr = 0.650

2 : c . c c c . c .
— 1"=0.00
— "=0.51

= 151 t'=1.02 E

Temperature distributions (T'(y"

_0_5 r r r r r r r r r
o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Height of the vents(y*)

Figure 6 Airflow temperature distributions for different values of t*(Pr = 0.650,6, = 0.03)

Effect of Prandtl number at Pr = 0.710
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Figure 7Airflow temperature distributions for different values of t*(Pr = 0.710,0, = 0.03)
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Effect of Prandtl number at Pr = 0.770
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Figure 8 Airflow temperature distributions for different values of t*(Pr = 0.770,08, = 0.03)

Effect of effective thermal coefficient at 90 = 0.01
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Figure 9 Airflow velocity distributions for different values of t*(8, = 0.01, Gr = 20, Pr = 0.710)

Effect of effective thermal coefficient at 6, = 0.03
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Figure 10 Airflow velocity distributions for different values of t*(8, = 0.03,Gr = 20, Pr = 0.710)
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Effect of effective thermal coefficient at 90 = 0.05
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Figure 11 Airflow velocity distributions for different values of t*(8, = 0.05, Gr = 20, Pr = 0.710)

Effect of Prandtl number at Pr = 0.650
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Figure 12 Airflow velocity distributions for different values of t*(Pr = 0.650, 6, = 0.03, Gr = 20)

Effect of Prandtl number at Pr = 0.710
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Figure 13 Airflow velocity distributions for different values of t*(Pr = 0.710,6, = 0.03, Gr = 20)
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velocity distributions (u'(y"t)

Effect of Prandtl number at Pr = 0.770
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Figure 14 Airflow velocity distributions for different values of t*(Pr = 0.770,0, = 0.03, Gr = 20)
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Figure 15 Airflow velocity distributions for different values of t*(Gr = 10, Pr = 0.710,0, = 0.03)
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Figure 16 Airflow velocity distributions for different values of t*(Gr = 20, Pr = 0.710,0, = 0.03)
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Effect of Grashof number at Gr = 30.000
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Figure 17 Airflow velocity distributions for different values of t*(Gr = 30, Pr = 0.710,0, = 0.03)
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Figure 18 Volumetric airflow for different values of t*(6, = 0.01, Gr = 20, Pr = 0.710)

Effect of effective thermal coefficient at 6, = 0.03
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Figure 19 Volumetric airflow for different values of £*(8, = 0.03, Gr = 20, Pr = 0.710)
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Effect of effective thermal coefficient at 60 = 0.05
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Figure 20 Volumetric airflow for different values of t*(8, = 0.05, Gr = 20, Pr = 0.710)

Effect of Prandtl number at Pr = 0.650
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Figure 21 Volumetric airflow for different values of £*(Pr = 0.650,0, = 0.03, Gr = 20)

Effect of Prandtl number at Pr = 0.710
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Figure 22 Volumetric airflow for different values of t*(Pr = 0.710, 6, = 0.03, Gr = 20)
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Effect of Prandtl number at Pr = 0.770
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Figure 23 Volumetric airflow for different values of t*(Pr = 0.770,0, = 0.03, Gr = 20)

volumetric airflow (G(y".t))

Effect of Grashof number at Gr = 10.000
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Figure 24 Volumetric airflow for different values of £*(Gr = 10, Pr = 0.710,0, = 0.03)
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Effect of Grashof number at Gr = 20.000
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Figure 25 Volumetric airflow for different values of t*(Gr = 20, Pr = 0.710,0, = 0.03)
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Effect of Grashof number at Gr = 30.000
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Figure 26 Volumetric airflow for different values of t*(Gr = 30, Pr = 0.710, 6, = 0.03)

Effect of effective thermal coefficient at 645 = 0.01
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Figure 27 Mass- transfer for different values of t*(8, = 0.01, Gr = 20, Pr = 0.710)

Effect of effective thermal coefficient at 65 = 0.03
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Figure 28 Mass- transfer for different values of t*(8, = 0.03, Gr = 20, Pr = 0.710)
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Figure 29 Mass- transfer for different values of t*(8, = 0.05, Gr = 20, Pr = 0.710)
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Figure 30 Mass- transfer for different values of t*(Pr = 0.650,8, = 0.03, Gr = 20)
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Figure 31 Mass- transfer for different values of t*(Pr = 0.710,0, = 0.03, Gr = 20)
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mass- transfer (m'(y",t)
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Figure 32 Mass- transfer for different values of t*(Pr = 0.770,0, = 0.03, Gr = 20)
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Figure 33 Mass- transfer for different values of t*(Gr = 10,6, = 0.03, Pr = 0.710)
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Figure 34 Mass- transfer for different values of t*(Gr = 20,6, = 0.03, Pr = 0.710)
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Effect of Grashof number Gr = 30.000
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Figure 35 Mass- transfer for different values of t*(Gr = 30,8, = 0.03, Pr = 0.710)

Comparison between Dewveloped and previous study for velocity distributions
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Figure 36 Comparison between velocity profiles U* and U*1 for fixed values of 6, = 0.03,Pr = 0.710, and

Gr =20
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Figure 37 Comparison between volumetric airflow @* and Q*1 for fixed values of 68, = 0.03, Pr = 0.710, and
Gr =20
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Comparison between Dewveloped and previous study for mass transfer
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Figure 38: Comparison between mass transfer m* and m*1 for fixed valuesof 64, = 0.03, Pr = 0.710, and

Gr =20

5.Conclusion

In this paper, transient effect of constant indirect flow
velocity in rectangular building with multiple- upper
vents induced by stack- driven effect was studied.
The governing equations describing the flow are
written in  dimensionless form and solved
theoretically by means of separation of variable
method. The effect of each physical parameter
involved in the study is discussed with aid of graphs.
It was found that effective thermal coefficient (6_0),
Prandtl number(Pr) and Grashof number(Gr) exerts
significant influence on the airflow velocity,
temperature distributions together with mass- transfer
and volumetric airflow.

The following major conclusions have been achieved
from the paper.

1- Temperature increase with an increase of effective
thermal coefficient (6,) and Prandtl number(Pr).
2- Velocity distributions across the openings increase
with an increase of effective thermal
coefficient (8,), Prandtl number(Pr) and Grashof

number(Gr).

3- Volumetric airflow increase with an increase of
effective  thermal  coefficient (6,), Prandtl
number(Pr) and Grashof number(Gr).

4- Mass- transfer increase with an increase of
effective  thermal  coefficient (6,), Prandtl
number(Pr) and Grashof number(Gr).

5- Present results for velocity distributions,
volumetric airflow and mass- transfer goes
significantly upward compared with the results for
previous intervention given by [15]
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