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1. Introduction

In recent decades, the design of the buildings with
large windows having large ratio between the area
of glazing to the envelope’s area is very common
which is due to a better view and lower cost of the
construction. For instance, buildings with the
walls made of concrete and with small openings
have higher cost of construction compared to the
buildings with large windows. Although as the
area of the glazing of the buildings’ envelope
increases, the problems according to the cooling,
heating and air conditioning are more highlighted.
The studies that dealt with this issue have shown
that as the area of the glazing increases, the
amount of energy used for the heating and cooling
of the buildings rises. Also, buildings with the
large value of the ratio between the area of the
glazing to the solid wall area are prone to cause
thermal discomfort in winter and the heating of
the occupied space in summer that makes the
buildings more vulnerable against outage of
electricity and broken air conditioning systems.
Despite the fact that aforementioned studies have
focus on the energy consumption, but the rise of
the glazing size and weak design of it could have
negative effect on the thermal comfort of the
occupied space. According to the available
researches, the impact of the glazing and its size
is significant on the thermal comfort of the
occupants. Disturbance of the thermal comfort is
caused by the fact that the inner surface of the
glazing is not perfectly insulated which leads to
the significant reduction of its temperature, in
which the inner temperature of the glazing
decreases considerably comparing with the indoor
air temperature. Therefore, it turns into a down
draught adjacent to the glazing. This phenomenon
accumulates the cooled air close to the floor of the
space which in the absence of any heating system,
it can be distributed in the space toward the height
of 0.1 m above from the floor surface. Installing
suitable heating systems under the glazing wall to
overcome the impacts of down draught was the

subject of many studies. In all previous works
dealing with this issue, it was reported that with
the increase of the glazing’s dimensions, the
effects of down draught is more intensified and
the use of appropriate heating system close to the
glazing is unavoidable. An effective approach of
the air conditioning systems of the commercial
buildings is the use of air induction system from
the floor that is situated in the space between the
concrete slab and the floor plenum. The
performance characteristics of this system are
rather different than the traditional air injection
systems installed in the ceiling plenum which has
the air flow pattern from the floor to the ceiling.
Most of the studies worked on the injection of the
air form the floor are mainly discussed the
analysis of energy consumption or investigated
the thermal comfort of these systems and most
recently these systems have been optimized. In
this study, it is tried to investigate the effects of air
distribution system around the glazing walls on
the down draught. Therefore, the air blowers were
assumed to be installed in three different locations
around the glazing wall. The locations of the
registers were considered to be under the glazing
wall, besides the glazing and simultaneously
under and above the glazing to examine the effect
of the air blowers’ arrangements and their
combinations on the down draught phenomenon
through computational fluid dynamic method.
Also, the comfort condition indexes were
analyzed for the proposed systems.

2. Governing equations and patterns in
simulation

In the present study, the governing equations
include flow field and energy equations as well as
those relating to the occupant thermal comfort.
The equations govern to the steady and
incompressible flow with constant physical
properties; they are continuity of mass,
momentum and energy equations. To consider air
flow in the occupied space, the most common
model for turbulent flow is k-¢ model. In this
scheme, the turbulent fluxes and stresses appeared
in the turbulent equations can be written based on
Boussinesq approximation method. The idea of
employing the thermal comfort model backs to
1960. In 1970, Fenger presented the first
analytical model to predict the thermal comfort
conditions. Fenger’s model is considered to be a
steady and single point scheme which is still the
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most applicable analytical model despite a very
long time since it has been proposed. In this
model, the thermal condition of human’s body
depends on two personal factors (metabolism rate
and cloth insulation) and four environment
parameters (air temperature, average radiative
temperature, humidity and air speed).

3. Results and discussions

Figure 1 displays the influence of inlet air flow
rate to the space on the temperature distribution
for the first case of air register arrangement. The
temperature of inlet air from the registers is kept
constant at 25°C for all inlet velocities. As seen in
the figure, the temperature variation of air flow is
negligible from the ankle to the neck and head of
human (0.1-1.7 m). The approved range of
temperature variation is 3°C based on ASHRAE
and 1SO 7730.

3 e —crr

’ / b 7 "
25 y / —o—Vin=1 ms
; ¢ ;

( &— Vin=15m/s

©-- Vin = 1.7 m/s

Room,Height (m)
o

:
:
.
:

0.5 1 L | ¢
] i ~
P ]

19 20 21 22 23 24 25
Temperature ( C)
Figure 1. The influence of air flow rate to the
space on the thermal comfort temperature for the first
case of air distributer arrangement

As depicted in Figure 2, the distribution of air
temperature is uniform that ranged from 21.8°C to
22.4°C for the first scenario of air distributer
configuration. The temperature of warm inlet air
is lowered due to the transferring of heat to the
cold glazing surface which finally makes a
uniform temperature entire of the space. In the
center of the room, the temperature of air is almost
constant, such that air temperature difference is
about 0.2°C.

Room, height

Room, length (m)

Figure 2- Distribution of air temperature on
symmetry plane of the room

In Figure 3, the result obtained from the
analysis of the predicted mean vote is illustrated.
According to Figure 3, for the case with air
distributer mounted on the floor, the values of the
PMV index are less than 0.5 for the regions are
accounted for the occupant residence which is in
good accordance with the recommended values of
ISO 7730.

Figure 3- The distribution of predicted mean vote
index at 1.1m from the floor for the air distributer
mounted on the floor

4-Conclusion

To overcome to the down draught effect in the
space with totally glazing envelope, the air
distributers were used around the window.
Therefore, the performance of the heating system
was analyzed and compered for three possible
configurations of the air registers. In the first case,
the location of air distributer was under the
window embedded on the floor, for the second
scenario, the air registers were in the left and right
sides of the window and at the third position, the
air registers were on the floor and on the ceiling
adjacent to the window. For all cases, the return
grill was on the front wall of the window installed
on the floor.

For the condition that the air temperature and
speed are 25°C and 1.5m/s, respectively, for all
three analyzed cases, the air temperature
distribution was uniform in all places of the room
ranged from 22°C to 22.5°C. This distribution was
observed to be uniform with minimum variation
of wvertical air temperature variation. The
predicted mean vote, percentage of predicted
dissatisfied and draught rating indexes have been
investigated and compared in some regions of the
room. The results showed that for the second
scenario of the studied cases, which the air
distributers were installed in the left and right side
walls, the values of the PMV index were a bit
higher than those recommended by ISO 7730;
such that the thermal comfort of the space for the
occupant was between 0.3 to 1.2, which represents
that the air condition is a bit warm compared with
cases that the PMV was equal to zero.
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