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Abstract

The work in this paper involves the investigation of an office room in cooling mode ventilated by a 4-way cassette air-
conditioner, which is increasingly being installed in Eastern China. A comparison of the 4-way cassette AC is made against a
typical wall-mounted mixing ventilation system based on ADPI calculations as well as difference in air temperature and velocity.
The results in this paper, which are carried out by computational fluid dynamics (CFD) simulation, indicate that a superior air
distribution performance is achieved by the 4-way cassette AC when compared to the wall-mounted system. The results also
show potentials for energy saving using the 4-way cassette AC.
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1. Introduction

Increasing use of HVAC (heating, ventilation, and air conditioning) systems in buildings especially in developed
and developing countries have a major impact on the amount of energy consumed in buildings, which in turn
account for over 40% of total energy consumption worldwide.

Owing to depleting energy sources, stricter energy policies and drive towards sustainability, various types of
ventilation and air distribution systems have been used and researched, such as mixing ventilation, displacement
ventilation, hybrid air distribution, personalised ventilation [1, 2] amongst others in order to balance the conflicting
relationship of improving the indoor quality while reducing energy consumption. A high-quality ventilation system
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is required to be energy efficient in addition to being able to achieve good thermal comfort and distribute clean air at
appropriate temperature and flow rate within the indoor space where needed, these form the core of many researches
involving HVAC system performance [3, 4].

One of the earliest and most widely used system is the mixing ventilation (MV) which has been in existence for
over a century and is well defined in international standards [5, 6].One commonly utilized MV systems in China is
the wall-mounted air-conditioners, however a new type of MV systems (4-way cassette air-conditioner) are approved
and are widely deployed in offices in recent years in Eastern China [7]. Despite numerous research studies covering
mixing ventilation such as Lin et al.[8] and Jouini et al.[9], studies focused on the 4-way cassette air-conditioner
such as Noh et al. [10] or comparison between it and the wall-mounted AC are limited.

In this paper, a numerical simulation would be carried out using CFD to compare the air distribution of a 4-way
cassette AC with a traditional wall-mounted AC. To evaluate the effectiveness of an HVAC in an indoor space, it is
crucial to investigate the climate conditions, airflow and air distribution within the indoor space. This is because the
air distribution in the room to a great extent affects the performance or the amount of warm or cold air supply needed
to meet same comfort satisfaction or requirement; and by extension, the quality of the indoor space. Such numerical
study can be carried out by CFD simulation which can aid in predicting the indoor environment condition and
visualising airflow and temperature [3, 11].

Nomenclature

No test points meeting the effective draft temperature requirements
N total test points

T local air temperature

Tac average test zone temperature

v local air velocity (m/s)

2. Numerical model
2.1. Model description

A three-dimensional model of the office room used in this study is shown in Fig. 1 below. The room is modelled
using dimension of an office room at the University of Nottingham, Ningbo Campus equipped with the 4-way
cassette AC. Fig 1b and ¢ show similar rooms using the wall-mounted AC.

The dimension of the room is 6.8 x3.8 X 3m. The window is 3.4 x 2.4m and is located on the upper portion of an
external east wall. The simulation used here is that of summer conditions, with cool air supplied into the room
through the inlets of the 4-way cassette AC, while warm air is evacuated through the exhaust of the 4-way AC (Fig.
2a). In the case of the conventional MV system (Fig 2b), cool air is supplied through the inlet at the top of the west
wall and evacuated at the lower part of the room on the east (Fig 1b) or west wall (Fig 1c¢).

Each of the simulated configurations is shown in Fig 1 below. The temperature of the window is set to 31°C,
while the walls, floor and ceiling are assumed to be adiabatic non-slip. Six fluorescent lamps (14W) are located on
the ceiling of the room. Other conditions and considered cases are contained in the case studies section.

The airflow in the room is three-dimensional; steady state, incompressible and turbulent, hence the governing
incompressible, Navier-Stokes and continuity equation in Cartesian coordinate are described by the energy, mass
and momentum conservation equations.
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Fig. 1. Model of office room with: (a) 4-way cassette air-conditioner; (b) air supply inlet and outlet on opposite sides of wall; (c) air supply inlet
and outlet on same side of wall.
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Fig. 2. (a) 4-way cassette air-conditioner; (b) typical wall-mounted air-conditioner.
2.2. Case studies and solution method

A total of 9 cases are considered in this study to compare the air distribution performance of the 4-way cassette
AC against conventional wall-mounted ones, with the three basic layout configurations shown in Fig 1(a, b, ¢). With
other conditions being same including the supply air velocity and air volume, the supply angle is varied between 30°
and 45°, while the temperature is set to 16°C or 18°C. The simulated cases are shown in table 1 below.

Table 1. Configuration conditions for simulated cases.

Case Layout type Supply temperature (°C) Supply outlet angle (°) Supply velocity (m/s)
1 A 16 30 1.055
2 B 16 30 1.055
3 C 16 30 1.055
4 A 16 45 1.055
5 B 16 45 1.055
6 C 16 45 1.055
7 A 18 30 1.055
8 B 18 30 1.055
9 C 18 30 1.055

The modelling, meshing and simulations in this study are carried out using Airpak 3.0.16, which is an HVAC
specially designed CFD software from Ansys. SIMPLE algorithm is used for the coupling between velocity and
pressure, while the finite volume solver numerically simulates the temperature; airflow based on standard k — &
model and calculates the corresponding ADPI. The convergence criterions used in these simulations are less than
10 ¢ for energy conversion normalised residual, while others are set to be less than 10 °.

The whole simulations are carried out on an Intel ® Core ™ i7-3770 CPU 3.4GHz computer with 16GB of
internal memory. For improved accuracy, fine grid settings as increase of the total number of grids are used with
further refinement at the air inlets and outlets.
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3. Simulation results and discussion
3.1. ADPI

The ADPI (air diffusion performance index) is a function of effective draft temperature and air velocity
commonly used to evaluate the performance of an air distribution system in a room or space. The ADPI can be
calculated as the percentage of test points obtained in the measuring zone that meet the ASHRAE requirement
where effective draft temperature (EDT) is between -1.7 °C and 1.1 °C, and air velocity of 0.35m/s or less by the
total measuring point [2, 12].

o1 =No 00 M
N

EDT =(T-T,,)-8(v-0.15) 2
Comparing the performance of the 4-way cassette AC and the wall-mounted AC (two different layouts; Fig 1b
and 1c¢), the ADPI are calculated for the simulated cases and presented below in Fig 3.

ADPI (%) ADPI (%) ADPI (%)

k .
et ene2 e cii caes cnes enes cnes
a b

Case?

C

Fig. 3. Chart of ADPI calculations comparing: (a) case 1, 2, 3; (b) case 4, 5, 6; (c) case 7, 8, 9.

From the above charts (Fig 3), it is observed that the room equipped with the 4-way cassette AC, perform slightly
better in all cases considered based on the ADPI calculations than the room equipped with the typical wall-mounted
AC type. Since uniform distribution of air can be represented with the ADPI, it can be deduced that the 4-way
cassette AC perform better in terms of air distribution than the conventional AC. Considering the fact that ADPI is
dependent on the room geometry, supply airflow rate, and room thermal load amongst other factors; the 4-way
cassette air-conditioner is expected to achieve even better performance in a square-shaped room due to the four way
equal distribution of air than the conventional wall-mounted system in similar shaped room.

3.2. Vertical air temperature and velocity difference

Choosing the best performance configurations based on ADPI (Fig 3b), Fig 4 (a, b, c¢) represents charts showing
the difference in temperature between y = 0.1m (knee) level & y = 1.1m (head of seated person) level, and also the
difference between y = 0.1m & 1.7m (head of standing person) level. From the charts, it is shown that Case 4 (Fig
4a) which is that of the 4-way cassette AC produces less difference in temperature between the 0.1m & 1.1m and
0.1m & 1.7m levels along the room length, i.e., x coordinate.

Cased 1 Case5 Case 6

a b c

Fig. 4. Chart of difference in temperature between level 0.1 & 1.7, and 0.1 & 1.1 for: (a) case 4; (b) case 5; (c) case 6.
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The highest difference observed is approximately 0.2 °C for the 4-way cassette AC in case study 4, while a
difference of almost 1.2°C is observed for the conventional AC system in Case 5 and 6. As expected, the locations
of the highest difference are noticed close to the air supply position in all cases (i.e. close to the centre of room for
the 4-way cassette AC and close to the wall for the conventional AC).
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Fig. 5. Chart of difference in air velocity between level 0.1 & 1.7, and 0.1 & 1.1 for: (a) case 4; (b) case 5; (c) case 6.

Similar conditions with the temperature difference can also be observed from the velocity air velocity difference.
The 4-way cassette AC maintains lesser difference in air velocity with the highest variation of approximately
0.35m/s located close to the centre of the room (Fig 6a), while a value of approximately 0.45m/s is recorded for the
typical AC in Case 5 and Case 6 (Fig 6b, 6¢). The locations of these maximum difference points are similar to those
of the maximum temperature difference.

3.3. Airflow and temperature patterns

The air velocity and temperature patterns taken at cross section Z = 1.9m (centre of room) are shown in Fig 6 and
Fig 7 below. As can be seen in Fig 6, the airflow pattern for Case 5 and Case 6, the vectors have a downward fall
before proceeding along the room length in an anticlockwise direction. In both cases, there is also a significant
amount of stagnation of airflow. The slight difference between the 2 patterns is the short circuiting (approach
towards the exhaust before movement along room) of airflow observed in Fig 6¢c. The 4-way cassette AC on its part
produces a different airflow pattern, with the vectors moving back towards the centre of the room and pointing
upwards due to the location of the exhaust.

Fig. 6. Airflow pattern at cross section Z = 1.9m for: (a) case 4; (b) case 5; (c) case 6.

The temperature is more pronounced towards the supply, then becomes uniform moving further into the room.
This pattern can also be noticed from earlier analysis of the temperature and air velocity difference, with the max
difference located close to the air supply zone, while variations become lesser along the room or in other words,
become more uniform.

It is found from the results that ADPI level is more satisfactory for Case 4 compared to both Cases 5 and 6,
suggesting the 4-way cassette AC is at least superior in performance to the other two types of wall-mounted AC
configurations. Although the indoor thermal comfort involves temperature, humidity and others, ADPI should be
included into the consideration of a comprehensive study of indoor thermal comfort and can be used as a starting
point. Comparison between Fig 3 a, b and c indicates that an increase in inlet angle may have higher ADPI and can
allow for an increase in supply temperature. This concludes that energy saving can be achieved after considering
parameters such as temperature, humidity and ADPI etc thoroughly and optimising such parameters.
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Fig. 7. Temperature pattern at cross section Z = 1.9m for: (a) case 4; (b) case 5; (c) case 6.
4. Conclusions

A numerical investigation is carried out in this paper using CFD to simulate the indoor climate in an office room
ventilated by a 4-way cassette air-conditioner in cooling mode. A comparison is carried out against two similar
rooms but ventilated by different layout configuration of a typical mixing ventilation air-conditioner.

The investigation produced the following observations:

e The 4-way cassette air-conditioner performed slightly better than the typical wall-mounted air-conditioner

and provides a better uniformity in air distribution based on the ADPL

The 4-way cassette AC produced lower variations in air temperature and velocity than the typical AC.

It is expected that the 4-way cassette AC will further perform better than the typical MV system in a square-
shaped room, although this have to be investigated.

e  Optimising the supply air temperature and air supply angle has potential energy saving possibility.
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