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Abstract- In this paper, a proposed Ceiling Personalized Ventilation (CPV) system was studied numerically to explain the
influence of the proposed system on both of energy demand and thermal human comfort. This system was installed on the
ceiling above the occupant zone to make sure that the fresh air supplied directly to the occupant zone. In addition, this system
considers the main ventilation system in the investigated room and targeted the occupied zone only with limited working
hours. A validated CFD model was used in this examination. The results show that an insulated healthy zone will appear and
bounded the area around the occupant by using the proposed CPV system. This zone will enhance the conditions of the
occupant environment and protect the working area from the unwanted thermal effects. Also, the results show that using this
system will provide a supplied fresh air directly to the occupied area and this will reduce the demand on energy by reducing
the load on the cooling coil. Therefore, using this system will improve the local thermal environment and saving more energy.
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Nomenclature
Abbreviations oy model constant for k equation of the turbulence
model
DV displacement ventilation Cy model constant of the turbulence model
HVAC heating, ventilation and air conditioning o specific heat of air (J/(kg k)
system
IAQ indoor air quality S mean strain rate tensor magnitude
PV Personalised Ventilation Sij strain rate tensor
Local Exhaust Ventilation
LEV K additional term in the turbulence model
MV Mixing ventilation 1] trajectories
CPV Ceiling Personalized Ventilation
Greek letters
E coefficient of thermal expansion (1/K)
g turbulent dissipation rate (m?/s*)
K dynamic viscosity (kg/(m s)

F fluid density (kg/m?)
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1. Introduction

Humans around the world spend about 90% of their time
indoors, this includes the rest and work times [1]. Depending
on the information from the development indicators for the
world, the density of the population will increase
dramatically in the next 30 years. 70% of their increase will
be in urban centers. This will lead to an increase in the
buildings number. About 20 - 40 % of the total energy are
consumed by buildings sector [2]. Half of this per cent goes
to operate Heating, Ventilation and Air-Conditioning
(HVAC) systems to maintain and create a healthy and
suitable indoor conditions [3]. This per cent is too high and
needs to be minimized without effect on indoor thermal
comfort. The air temperature, velocity, relative humidity and
indoor air quality (IAQ) for the indoor play a central role in
generating a healthy and suitable working area [4, 5]. The
efficient distribution of the indoor air is influence positively
on thermal comfort and the amount of energy demand [6-10].
For this reason, efficient design of an air distribution system
will save more energy and this can be achieved by using
different techniques to minimize the waste of treated air [11,
12]. Many techniques are employed to generate a
comfortable local area at low energy consumption. One of
these effective techniques is Personal Ventilation (PV).This
method used to create a suitable local area around the
occupants at low energy consumption. Also, this system can
provide fresh air directly toward the personal area. In
addition, this method has the ability to control the supplied
air temperature of the targeted area as well as, the ability to
control the air direction flow and its mass flow rate [13, 14].
The evaluation of the indoor environment needs a careful
balance between thermal human comfort and demand on
energy. It is very important to evaluate these two parameters,
energy demand and thermal human comfort, at the same time
[15-17]. The impact of the indoor air parameters distribution
on thermal comfort and energy saving was investigated by
Frontczak and Wargocki [16]. They found that the efficient
distribution of the indoor air will provide good thermal
comfort and efficient energy saving. Another study that
investigated the local PV system was performed by Melikov
[18] that studied the effect of using a PV system on human
thermal comfort and energy consumption as well as human
response to this type of ventilation system. The results
showed that various parameters which may affect the on
human comfort and energy saving such as flow rate, flow
direction and supplied temperature. The concept of using
local ventilation was examined to show the ability of using
this system to enhance the supplied air quality at the inhaled
zone. This study was performed by Halvonova et al. [19]. In
this study, different amounts of air flow rate and
temperatures value were tested. They found that using a
suitable amount of air flow and accurate supplied air
temperature will help to provide a good indoor environment.
Experimental study was performed by Taheri et al. [20] to
evaluate the air quality for the indoor and thermal comfort in
an equipped office room. In their investigation, the
displacement ventilation (DV) system, PV system and
natural ventilation system were employed and tested for each
case study. The results show that a good indoor environment

with an acceptable amount of energy consumption was
achieved when using the PV system comparing with the DV
system and natural ventilation system. Another experimental
study was conducted by Sekhar et al. [21] to examine the
influence of using the PV system on indoor thermal
conditions and its ability to reduce the energy consumption
under a humid and hot climate in Singapore. The results
showed that the energy consumption decreases by 15-30%
when using the PV systems conjunction with another
ventilation background. Also, this system has the ability to
enhance the air quality in breathing zones of occupants by up
to 50 %. Makhoul et al. [22] performed an experimental field
study to investigate the influence of using a ceiling PV
system on energy demand and the indoor thermal conditions.
They found that using this system was to improve the energy
saving by up to 30 %. This study was improved by Makhoul
et al. [23] they added desk fans inside proposed space this
technique saving more energy and provide an acceptable
thermal environment. A study by Cruceanu et al. [24]
revealed that 60 % of energy consumption was achieved
when using PV system combined with MV system
comparing with using MV system alone. Another study was
performed by Kaczmarczyk et al. [25] to examined 5
different air terminals device of PV in an office space. The
thermal environment was evaluated for all five terminals.
The results revealed that these systems enhanced the thermal
conditions for the investigated room and achieved the human
comfort requirements. A numerical and experimental study
was performed by Makhoul et al. [22] to examine the impact
of wusing the ceiling PV system on a local indoor
environment. The results revealed that the suitable thermal
comfort, good air quality and reducing energy consumption
are the most important features of the ceiling PV system.
Another study presented by Yang et al. [26] to ventilate a
limited zone by using an air terminal device (ATD) in the
ceiling as a personal ventilation system. The results showed
that by using this technique the energy saving will reach
15.44% with personal ventilation temperature of 23.50C. An
experimental study by Pantelic et al. [27] showed that the PV
system has a significant role in reducing the contaminant
concentration and protecting the occupant from the airborne
particle emitted from infected people. An investigation was
performed by Bolashikov et al. [28] proposed an advanced
method of air distribution using PV. Through it can
significantly reduce the infection due to the low flow rates
and easy of orientation to different places because of the high
flexibility.

Above previous study deal with the PV system as a
secondary system that coupled with the other main
ventilation system such as the DV system, MV system and
other ventilation systems. Inadequate studies were used in
the PV system as the main ventilation system in a room. Also
limited study were used this type of ventilation to target the
occupied zone only for the limited working hours.
Therefore, in this study, the proposed CPV system was used
alone without coupled with other ventilation system to study
the effect of using this system on providing a comfortable
local thermal environment and saving energy. Also, this
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study targeted the occupied zone only in the office room with
a known number of occupants and limited working hours.

2. Numerical method
2.2 Case study explanation

A typical equipped office room with limited working
hours was used in this investigation. The dimensions of the
simulated room were 2 m long, 3 m high and 3 m wide. As
shown in figure 1, the heat sources included one occupant
located in the room center in front of the desk with 60 W of
heat flux. Another internal heat source was a computer
located on the desk with 100 W of heat flux. These tow heat
sources were employed in this simulation to represent the
main heat sources in the occupied zone for the small office
room. All side walls, ceiling, and roof were assumed to be
insulated. The CPV system with 0.3 m in diameter was
mounted in the ceiling room center to supply the treated air
directly towards the occupied zone (see figure 1). The supply
conditions of the treated air were 24 ° C in temperature. The
exhaust opening (0.22 m x 0.11 m) positioned at the ceiling
level to extract the contaminated warm air. While the return
opening with the dimension of (1mx0.1 m) located at 1.3 m
from the floor at the side wall (see figure 1). In this study
two different amount of the supply air which presented in
Table 1 are examined to show the influence of the supply
velocity of the proposed system on indoor thermal
environment and energy consumption. The summarized the
detailed information of the simulated room was presented in
Table 2.

Table 1. Examined case study

Case study Supply velocity m/sec
Case-1 0.5
Case-2 0.7

Table .2 Detailed information of the simulated room

Room dimension 2m x 3mx3m

The dimensions of the CPV
supply, Exhaust opening and
return opening

0.3 m( diameter),
(0.22mx0.11m) and (1mx0.1
m) respectively.

Bounded walls, ceiling, roof | insulated (No heat flux)

Heat flux of the occupant

and computer 60 W and 100 W respectively

Exhaust Pressure outlet

Supply velocity 0.3 m/sec

|

(b)

Fig. 1. (a) Schematic diagram of the simulated room; 1-
Occupant; 2- Computer; 3-Desk; 4-Exhaust opening; 5- The
CPV system; 6- Return opening 7- Adiabatic bounded walls;
(b)- Top view of the simulated room.

2.2 CFD Method
2.2.1 Grid Design

The ANSYS ICEM software was employed in this
investigation to design and create the grid of the simulated
small room. As a complex simulated room geometry (see
figure 1), a tetrahedral unstructured mesh was selected for
the mesh design. This was usually used for such complex
geometry. As shown in figure 2, the generated mesh was
distributed carefully to cover all interested zone such as the
area near occupants, computer and supplied air. For the
accurate simulation results, a required y+, 3<y+<l1, was
taken into account in this simulation. Also, for accuracy
improvement, the mesh independent test was performed.
Three different size of mesh were employed in this
investigation. A mesh-1, mesh-2 and mesh-3 with size of
2225000, 1720000 and 1457000 respectively (see Table 3).
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The grid was clustered in an important area such as area with
a high gradients of heat flow and air movement, such as area
near the supply opening, internal heat sources (occupant and
computer) as well as area around the working space. In order
to control the total size of grid, only the size of the mesh in
the investigated domain was changed without changing the
surface mesh size for the occupant and computer. For this
simulation, a 172000 was selected as a suitable size of the
mesh. This was because that by increasing mesh size, there
was no big difference in temperature and velocity. For this
reason this mesh type, mesh-2, was selected for the rest of
simulation.

3<Y+<11

Occupied zone

Fig. 2. Mesh design for the simulated room

Table .3 Mesh test
Mesh Type Mesh size
mesh-1 2225000
mesh-2 1720000
mesh-3 1457000

2.1.2 Room air flow modelling

The selected turbulence model for this simulation was
the (RNG) k-e. In this model the air movement and
temperature distribution are predicted correctly and
accurately [29-32]. For these reasons, this model was
selected to be the turbulence model for this simulation. All
equation related to this model can be expressed as follow

[33]:
d(pk)  d(pku;) @ u.\ ok
dt * ax;  ox; [(N * ak)ax,] TPt pe
J 7 (1)
d(pe)  d(psu;) 9 de . £
ot ox, ox, ( +a__,)6_+cl‘kp" CPy
2
where
C’_:s =G, 2z (Cun (l —’I/’IO )/l + 3773
with T = (Sl‘/g)and =V 5‘ S‘J‘
and
Cu =0.0845, O =0.7194, % =0.7194, Ce1 =142,
Cez =1.68,1° =438 and # =0.012

In this examination, the motion of the indoor air and the
internal heat flow within the investigated room are assumed
as low-speed, incompressible flow. These assumptions were
expressed in equation 1 and 2. The ANSYS Fluent software
was employed as a prediction tool to simulate the air
movement and temperature distribution for this study. The
enhanced wall treatment was employed to solve the flow
near the wall especially near the human body and near the
heat source. This will give an accurate results of the air flow
behavior in these interesting area. The assumption of
Boussinesq was also used for the density calculations of this
simulation. The SIMPLE algorithm was selected for the
velocity and pressure coupling. Also, PRESTO was used in
this simulation. The boundary conditions that used in this
investigation are shown in figure 3.

Exhaust opening

Pressure outlet

Supply Velocity]

V=0.3 m/sec

urce 5
Return Vielocity in

Occupant= 60 WV . .
revers direction

Internal heat source

Computer=100 W

Fig. 3. The boundary condition in the simulated room

3. Validation

To demonstrate the ability and the accuracy of the CFD
model that employed in this investigation, a validation work
has been performed in this study. An experimental previous
study performed by Cheng et al. [34] was used for this
validation. In their study, five different positions of return
opening were investigate in an examined room that employed
a displacement ventilation as a main ventildtion system to
show the impacts of the return locatidd on the human
comfort and energy consumption. In this study, figure 4
present the comparison, at three poles (with different
elevation from floor, between the experifjental results from
the previous work and simulation results. The comparison
between the simulation results and experimental results show
a good agreement between them. Depending on this
comparison it is easy to say that this model can predict the
air movement and temperature distribution correctly and
accurately for the current simulation study. For more detailed
information on the experimental work see reference [34].
Also, detailed information for the validated room are listed in
Table 4.
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Fig. 4. The experimental and simulations comparison
(triangle: experimental; continuous line: current simulation).

Table 4. Detailed information for the validated room.

Supply air Velocity inlet (84 1/s, 19 °C) and
1 X 0.6 m in dimension

Exhaust Pressure —outlet and 0.45 x 0.2 m
in dimension

Occupants Uniform heat flux 80 Wx2

Computer Uniform heat flux 100 W x2

Lighting Uniform heat flux 24 W x4

Data logger 25 W x2

Room dimensions 4 (L)x2.7(W)x2.4(H)

4. Results and discussion
4.1 Indoor flow field evaluation

The indoor air flow behavior has an important influence on
human comfort and TAQ. Therefore, it is very necessary to
assess the indoor air velocity distribution for any ventilation
system. In order to create a comfortable environment, the air
velocity indoor should be taken carefully to satisfy the
thermal comfort requirement [35]. This requirement were
different from one application to other such as office room,
hospital, gym and industrial room. Where for each
application there are a recommended value of velocity. In
this section, the influence of air velocity supplied by the
proposed CPV system and its behavior were presented and
discussed. The contour of the velocity air distribution at
x=1.5 for case-1 and case-2 are shown in figures 5 and 6
respectively. From these figures, a relatively high velocity
was found in case-2 especially in the area around the
occupant, ranged between 0.35 to 0.45 m/sec, compared with
case-1 (see figure 5 and 6). This was because that in case-1
the supply velocity was lower than in case 2. Also this
differences means that the flow around the occupant
influenced by the reached velocity to the occupant zone and
this will may causes thermally discomfort area depending on
the value of the supply velocity. However, an insulated zone
around the occupant will created in this type of proposed
ventilation system. This will protect the occupant from the
unwanted contaminant air and provide a good inhaled fresh
air because of this type of proposed ventilation system will
directed the high quality of the supply air to the inhaled zone.
In addition, the created canopy around the seated occupant

was clearly presented in case-2 comparing with case-1 (see
Figure 5 and 6). This was because the high supply velocity in
case-2 will create a strong canopy around the occupant. Also,
the air movement and the flow field behavior derived from
the simulation results display an interesting flow fluctuation
and high turbulence flow, especially in the working area
around the occupant and also in the area close to the exhaust
and return opening. It can be concluded that using the
proposed PVC system with relatively high velocity such in
case-2 will enhance the quality of the inhaled air and
improve the energy consumption that required to provide a
fresh air. However, the high air velocity in the occupant zone
may increase the human thermal draught risk.

Velocity (m/sec)

005 01 0145 02 025 03 035 04 045 05 055 06 l A

Fig. 5. Contour of air velocity distribution at plan x=1.5 m
for case-1 (v=0.5 m/sec).

Velocity (m/sec) |

¢
005 01 015 02 025 03 035 04 045 05 055 06

Fig. 6. Contour of air velocity distribution at plan x=1.5 m
for case-2 (v=0.7 m/sec).

4.2 Temperature distribution indoor

The temperature distribution evaluations consider one of the
main important assessment factors that have a great impact
on providing the indoor thermal environment. The contour of
the temperature distribution at x=1.5 for case-1 and 2 are
shown in figures 7 and 8 respectively. From these figures, it
is clear to see that the low air temperature values were found
in case -2 compared with case-1 especially in the area near
the occupant. This was because that in case -2 the supplied
fresh air reached to the occupant zone faster than in case-1
due to the different in supply velocity for each case study.
This will save more energy because the supply fresh air will
create a thermally comfortable area around the occupant and
this type of ventilation system will supplied a good quality
air to the occupant zone directly before mixing with other
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warm air. This will reduce the load on the cooling coil and
lead to save more energy. Also, for the both cases, case 1
and 2, the temperature in the rest of the room domain was
relatively high comparing with the occupant area. This was
because that this system targeted the occupant zone only with
limited working hours. Therefore, it is not necessary to
generate an ideal comfort condition for the unoccupied zone
in the room domain. Also, the heat flux generated by the
occupant and the computer, internal heat sources, will create
a thermal plumes moved towards the ceiling. In opposite
direction, the supply air from the ceiling will displaced the
generated heat flux away from the occupant zone. This will
also improve the quality of the inhaled air. From these
finding, it can be concluded that using the proposed PVC
system will enhance the air temperature distribution in area
around the occupant and enhanced the energy consumption
that demand by the cooling coil to provide the fresh air.

Temperature °C N

[ . ‘!

2 23 24 25 26 27 28 30 31 32 3B 34 35 |

Fig. 7. Contour of air temperature distribution at plan x=1.5
m for case-1 (v=0.5 m/sec).

Temperature °C N

[T 1T 1 . "‘

22 23 24 25 26 27 28 30 31 32 33 34 35

Fig. 8. Contour of air temperature distribution at plan x=1.5
m for case-2 (v=0.7 m/sec).

5. Conclusion

The aim of this work is to investigate the effect of employing
the CPV system on energy saving and thermal comfort when
using the CPV system as the main ventilation system. The
CPV system was positioned at the center of the ceiling which
is located above the occupant zone. This location will give
the ability of the supplied fresh air to reach directly to the
occupant zone. The results that obtained by the validated
CFD model found that:

. Using CPV system will create an insulated zone
bounded the occupant. A comfortable local environment and
a high inhaled air quality was found in this local zone
provided by the CPV system.

. Using the proposed PVC system with relatively high
velocity, ranged between 0.05 to 0.15 m/sec., such in case-2
will improve the quality of the inhaled air and create a
thermally comfortable zone.

. The proposed supply diffuser CPV system will
provide the treated fresh directly to the occupant zone. Also,
this was reduced the amount of the treated fresh air and
enhance the energy consumed by the cooling coil. Moreover,
using the proposed CPV system will create a homogenous
thermal environment regarding the indoor distribution of the
temperature, ranged between 22 to 30 ° C, which may
enhance the human thermal comfort and reduced the
unwanted thermal effects.

* In case -2 the supplied air cover the occupant zone faster
than in case-1. This was because the supply velocity for each
case study was not same. This will improve the consumption
of energy amount because the supply air will generate a
thermally comfortable zone in area close to the occupant.
Therefore, this type, CPV, of ventilation system will supplied
a good quality of inhaled air to the occupant zone and save
more energy.
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