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ABSTRACT

~ The indoor climate and air quality has a significant effect on our
health and overall enjoyment of life‘ It is common knowledge that thermal
displacement ventilation systems can significantly improve indoor air

quality and reduce the energy coné_umption of air conditioning systems.

Displacement ventilation began to be applied more generally in the early
1970’s as a means of improving general ventilation in industrial facilities
with contamination problem. It has been increasingly used because it has
been provided good indoor air qdality and save energy. However, such a
reduction of air supply may cause an increase in the concentration of
indoor pollutants, make a problem related to indoor air quality (IAQ),
thermal comfort problems and indoor air quality problems are very familiar
ailments that are the direct results of the poor distribution of air flow and
temperature. Recently, its use has been extended to ventilation in offices
and other commercial spaces. A typxcal displacement ventilation system for
cooling, supplies cold air from a :low.side wall to the occupied zone. The
supply air temperature is slightly lower than the desired room air
temperature and the supply air velocity is low. The supply air is spread
over the floor and then rises as; it is heatedvby the heat source in the
occupied zone,

A lot of researches have been carried out to study the effect of
various parameters on the displacement ventilation performance. But none
of them is concerned on the three-dimensional model.



So, the main purpose of the present study is to simulate the
performance of the displacement ventilation systems and discuss the effect
of inlet air velocity (0.1 — 0.2 m/s), inlet air temperature (300 K), heat flux
(single heat flux, double heat flux, and triple heat flux each of 80 W),
Archimedes number (4.8<Ar<23), and inlet air opening height to wall
height ratio (0.125€H1/I{<0.25). Numerical models of various displacement
ventilation geometries are applied, specific conditions for each case are
specified, and the computational fluid dynamics is provided. The code
used in this work is FLUENT version 6.1.

The present results are classified to choose the optimum
displacement ventilation geometry in two dimensions (2D). The optimum
case is found to be two inlet air at the bottom opposite wall and outlet air
opening at the center of the ceiling. Finally, the study is also focused on

the displacement ventilation in case of three dimensions (3D).

It has been established that, over the range of variables studied and

for the particular geometries:

1. Displacement ventilation can maintain a thermally comfortable
environment that has a low air velocity, a small temperature difference

between the head and foot level.

2. The best case of temperature gradient and velocity distribution, low
temperature gradient is occurred when the exhaust port is located at the

midpoint of the ceiling.

vi



. The effect of increasing thermal loads due to the heat sources in some

cases is increasing the temperature in the occupied zone.

. The velocity of supply air must be increased (decrease the’Archimedes

number, Ar) or decreasing the inlet air temperature in order to enhance
the displacexngnt ventilation performance, (it can be stated that the
decrease of Archimedes number, tends to increase the ventilation

efficiency).

. The case, which was studied in 3D, shows that different kinds of inlet

and outlet openings can be made. -

The obtained theoretical approximate relation is a helpful tool when

studying this type of ventilation.
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NOMENCLATURE

Symbol Definition units
A; | Inlet air slot surface area m’
Asouce | Source surfaces area for the ventilated room m”
A,, | Total surface area for the ventilated room m’
C, | Turbulent kinetic energy J/kg
Cp | Specific heat at constant pressure J/kg.k
g Gravitational acceleration M/s”
| 8 Gravitational acceleration in x-direction M/s*
g, | Gravitational acceleration in y-direction MJs”
g | Gravitational acceleration in z-direction M/s”
H Wall height m
H Enthalpy of air J/kg
h Heat transfer coefficient - W/m K
H; | Inlet opening slot height . m
k Turbulent kinetic energy J/kg
L; | Room length - m
L, | Room width m
m; Mass flow rate of inlet air Kg/s
P Pressure Pa
Quoor | Rate of heat transfer from floor \Y
. | Rate of heat input to the control volume W
Quof | Rate of heat transfer from roof ' W
Quource | Rate of heat transfer from the heat source \ Y
Q. | Rate of heat transfer from walls - W
R |} Gas constant J/kg K
S Source term
Sy Temperature source term K
t Time ]
T. | Average room temperature K
T, Reference temperature K
T, | Wall room temperature K




Mean velocity in x-direction

u
u Air velocity m/s
v | Mean velocity in y-direction m/s
w Mean velocity in z-direction m/s
X,y, 2 | Cartesian coordinates coordinate
Z | Potential energy m
Greek Letters
B | Coefficient of thermal expansion - K'
p | Density kg/m’
i, | Turbulence viscosity Pa.s
r Diffusion coefficient
A Thermal conductivity WmK
M Dynamic viscosity Ps.s
p; | Density of inlet air Kg/m’
Turbulent dissipation rate  wikg

‘Dependent variable

3 et

Displacement efficiency

ii




Dimensionless Parameter

Pr Prandt]l number, Cp wk
Ar Archimedes number = gb Arer
Ui
Subscripts
e Exit
i Inlet
k Turbulent kinetic energy
0 Reference
Occ, av | Occupied and average |
Static pressure
Source term
Time
Mean temperature
x-direction
y-direction

z- direction

Turbulent dissipation rate

Conserved quantity

Effective diffusion factor

= it [o [N X =]~ ]

Effective viscosity

iii




ACH
CAV
DDV
‘DVS
LEV
IAQ
RNG
VAV
2D
3D
CFD

ABBREVIATIONS

No. of air change per hour.
Constant air volume..

Desk displacement ventilation.
Displacement ventilation system.
Local exhaust ventilation.
Indoor quality

Renormalized group

Variable air volume

Two dimension

Three dimension
Computational fluid dynamic
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ABSTRACT

~ The indoor climate and air quality has a significant effect on our
health and overall enjoyment of life‘ It is common knowledge that thermal
displacement ventilation systems can significantly improve indoor air

quality and reduce the energy coné_umption of air conditioning systems.

Displacement ventilation began to be applied more generally in the early
1970’s as a means of improving general ventilation in industrial facilities
with contamination problem. It has been increasingly used because it has
been provided good indoor air qdality and save energy. However, such a
reduction of air supply may cause an increase in the concentration of
indoor pollutants, make a problem related to indoor air quality (IAQ),
thermal comfort problems and indoor air quality problems are very familiar
ailments that are the direct results of the poor distribution of air flow and
temperature. Recently, its use has been extended to ventilation in offices
and other commercial spaces. A typxcal displacement ventilation system for
cooling, supplies cold air from a :low.side wall to the occupied zone. The
supply air temperature is slightly lower than the desired room air
temperature and the supply air velocity is low. The supply air is spread
over the floor and then rises as; it is heatedvby the heat source in the
occupied zone,

A lot of researches have been carried out to study the effect of
various parameters on the displacement ventilation performance. But none
of them is concerned on the three-dimensional model.



So, the main purpose of the present study is to simulate the
performance of the displacement ventilation systems and discuss the effect
of inlet air velocity (0.1 — 0.2 m/s), inlet air temperature (300 K), heat flux
(single heat flux, double heat flux, and triple heat flux each of 80 W),
Archimedes number (4.8<Ar<23), and inlet air opening height to wall
height ratio (0.125€H1/I{<0.25). Numerical models of various displacement
ventilation geometries are applied, specific conditions for each case are
specified, and the computational fluid dynamics is provided. The code
used in this work is FLUENT version 6.1.

The present results are classified to choose the optimum
displacement ventilation geometry in two dimensions (2D). The optimum
case is found to be two inlet air at the bottom opposite wall and outlet air
opening at the center of the ceiling. Finally, the study is also focused on

the displacement ventilation in case of three dimensions (3D).

It has been established that, over the range of variables studied and

for the particular geometries:

1. Displacement ventilation can maintain a thermally comfortable
environment that has a low air velocity, a small temperature difference

between the head and foot level.

2. The best case of temperature gradient and velocity distribution, low
temperature gradient is occurred when the exhaust port is located at the

midpoint of the ceiling.
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. The effect of increasing thermal loads due to the heat sources in some

cases is increasing the temperature in the occupied zone.

. The velocity of supply air must be increased (decrease the’Archimedes

number, Ar) or decreasing the inlet air temperature in order to enhance
the displacexngnt ventilation performance, (it can be stated that the
decrease of Archimedes number, tends to increase the ventilation

efficiency).

. The case, which was studied in 3D, shows that different kinds of inlet

and outlet openings can be made. -

The obtained theoretical approximate relation is a helpful tool when

studying this type of ventilation.
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