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ABSTRACT
Most public auditoria, in Nigeria, are saddled with the problem of ill-ventilated atmosphere; and people who gather
for programmes tend to suffer suffocation as an unavoidable sequel. Such buildings are exposed to the sun; the
roofs and walls receive irradiation from the sun throughout the day. The principal aim of air-conditioning of a
room, in Nigeria, is to establish a stable thermal environment which satisfies the majority of the occupants with
respect to comfort, under all the climatic conditions to which the building or space, is subjected. In the present
design, the plant is to operate on a standard vapour compression basis; using R-134a, as refrigerant and running
between 2 bar and 8 bar respectively. Relying on these parameters, the design gave a C.O.P. of 3.05, and the
refrigerating effect of 148.99 kJ/Kg. The horsepower per ton of refrigeration for the 10 Ton plant is equals 4.39
hp/ton. Increasing the temperature of the refrigerant increases the COP; whereas, the COP is decreased by
decrease in the temperature of the refrigerant
Keywords: Air-Conditioning Plant, Vapour Compression Cycle, Coefficient of Performance, Climatic Conditions,
Space to be Air-conditioned.

INTRODUCTION
Air-conditioning is the simultaneous control of
temperature, humidity, motion and purity of the
atmosphere, in confined space. The important factors
which are involved in a complete air-conditioning
installation are;
i. Temperature Control: In air-conditioning, the
control of temperature means the maintenance of
any desired temperature within an enclosed space,
even though the temperature of the outside air is
above (or below) the desired room temperature
(Khurmi and Gupta, 2008; Rajput, 2013).
How to cite this article: Madu; K. E. (2018). Design of a 10 Ton
Capacity Standard Vapour Compression Air-Conditioning Plant
for Application in a Mini Auditorium, In Nigeria. International
Journal of Innovation and Sustainability, 2: 26 - 33

This is accomplished either by the addition or
removal of heat from the enclosed space, as and
when demanded. It may be noted that human being
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feels comfortable when the air is at 21 oC, with 56
% relative humidity.
ii.

Humidity Control: The control of the humidity of
air means the increasing the moisture contents of
air across the seasons of the year, as the weather in
Nigeria can be overly hot. The control of humidity
is not only necessary for human comfort, but it also
increases the efficiency of workers, in well chilled
factories with heavy human traffic. In general, for
effective air-conditioning in a tropical country like
Nigeria, the relative humidity should not be less
than 60 %.

iii.

Air Movement and circulation: The motion or
circulation of air is another important factor which
should be controlled, in order to keep constant
temperature throughout the conditioned space. It is,
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iv.

therefore, necessary that there should be equidistribution of air throughout the space to be airconditioned.
Air Filtering, Cleaning and Purification: It is an
important factor for the comfort of the human
body. It has been noticed that people do not feel
comfortable when breathing contaminated air, even
if it is within acceptable temperature and humidity
ranges. It is, thus, obvious that proper filtration,
cleaning and purification of air is essential, to keep
it free from dust and other impurities.

is difficult to define the term without some
ambiguities. There are many definitions given for this
concept by different bodies; but the most acceptable
definition (from the subject point of view) is given by
the American Society of Heating, Refrigeration and
Air-conditioning Engineers (ASHRAE). According to
this group (ASHRAE, 1997), human comfort refers to
that condition of mind, which expresses satisfaction
with thermal environment. A typical air-conditioning
cycle is shown in Fig. 1; and comprises the following
steps:

Strictly speaking, the human comfort depends upon
physiological and psychological conditions. Hence, it

Figure 1: A Typical Air-conditioning Cycle
The fan forces air into duct work which is connected
to openings, in the room. These openings are
commonly called outlets or terminals. The duct work
directs the air to the room through the outlets. The air
enters the room, producing a cooling effect. Dust
particles from the room enter the air-stream, and are
carried along with it. Air flows from the room through
a second outlet (sometimes called the return outlet),
and enters the return duct work, where the dust
particles are removed by a filter. After the air is
cleaned, it is passed over the surface of a cooling coil.
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Finally, the air flows back to the fan, and the cycle is
completed.
The main parts of the equipment in the airconditioning cycle are explained below (Rajput, 2013)
Circulation Fan. The main function of this fan is to
move air to and from the room. The air that a fan
moves in air-conditioning system is made up of: all
outdoor air; all indoor room air (called re-circulated
air); and a combination of outdoor and indoor air. The
fan pulls air from outdoors or from the room, but in
most systems, it pulls air from both sources at the
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same time. The amount of air supplied by the fan
must be regulated since drafts in the room causes
discomfort, and poor air movement slows the heat
rejection processes. This can be achieved by choosing
a fan that can deliver the correct amount of air, and by
controlling the speed of the fan so that air-stream in
the room provides good circulation, but does not
cause drafts. Of course, the fan is the only one of the
pieces of equipment that contributes body comfort.
Air-conditioning Units. It is a unit which consists of
cooling and dehumidifying processes for all-year
round air-conditioning, in tropical countries, like
Nigeria. The cooling coil can be located either ahead
or after the fan, but should always be located after the
filter. A filter ahead of the coil is necessary to prevent
the excessive dirt, dust and air particles from covering
the coil surfaces.
Supply Duct. It directs the conditioned air, from the
circulating fan to the space to be air-conditioned, at
proper point. In order that air may flow freely, it
should be as short as possible, and have minimum
number of turns.
Supply Outlets. These are grills, which distribute the
conditioned air evenly, in a room. These outlets may
fan the air, direct air in a jet-stream, and may do a
combination of both. Since supply outlets can either
be fan or jet the air-stream, therefore, they are able to
exert some control on the direction of air delivered by
the fan. This direction control plus the location and
the number of outlets in the room, contribute a great
deal to comfort or discomfort effect of air pattern.
Return Outlets. These are openings in a room surface
which allow the room air to enter the return duct (i.e.,
return outlets allow air to pass from the room). They
are usually located at opposite extreme of the wall or
room, from the supply outlet.
Filters. The main function of the filters is to remove
dust, dirt and other harmful bacteria from the air.
They are usually located at some point in the return
air-duct. They are made of many materials from spun
glass to composite plastic. Other types operate on
electrostatic principles.
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Space. It is very important to have an enclosed space
(i.e., room) since if it does not exist, it would be
impossible to complete the air cycle. Lest, contained
air from supply outlets would flow into the
atmosphere.
Evaporative cooling is one of the oldest forms of
cooling known, and has been used by man since 2500
B.C. Air cooling provision in buildings, especially in
Nigeria, is undergoing a period of rapid expansion
(Harris, 1983). Building cooling load components are;
direct
solar
radiation,
transmission
load,
ventilation/infiltration load and internal load.
Calculating all these loads individually and adding
them up gives the estimate of total cooling load. The
load, thus calculated, constitutes total sensible load.
Normal practice is that depending on the building
type, certain percent of it is added to take care of
latent load. Step by step calculation procedure has
been adequately scripted in this paper (Stoecker and
Jones, 1982). The requisite data of building material
properties, climate conditions and ventilation standard
are also established and reported by Prasad (1989).
New types of office hall-planning and making air
cooling are essential elements in the total environment
design. The object of air cooling is to establish a
stable thermal environment which satisfies the
majority of occupants with respect to comfort under
all the climatic conditions to which the building is
subjected. The building of most auditoria in Nigeria,
posed the problem of ill-ventilated atmosphere and
suffocation in most of its part during the programs.
Major parts of the building exposed to sun; the roof
being heated throughout the day. Hence it was
decided to provide the false ceiling and design air
cooling system for mini college auditorium for better
comforts to the occupants during longer program
(Wane and Nagdeve, 2012). Factors directly affecting
thermal comfort of the human are: air temperature,
moisture content of the air, radiant exchange and air
movement. It is the job of the thermal engineer to
decide on the values of these factors, and design a
system to maintain them within practical and
economical limits; when the outside environment for
most of the time (and in some cases continuously)
will be hostile to this endeavour (Thornley, D. L.,
Partner, Roger and Partners, 1969).
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MATERIALS AND METHOD
A 10 Ton air-conditioning system is to be designed
for application in a mini auditorium, in Nigeria. It
shall be air-cooled, with all-weather enclosure of
ample capacity to meet the indoor requirements under
adverse weather conditions. The plant should be
capable of functioning round the clock. However, its
usage would be casual. The plant is to operate on a
standard vapour compression basis. It is expected to
use R-134a, as refrigerant; operating between 2 bar
and 8 bar respectively. The compression process is
assumed to be isentropic; and the refrigerant leaves
the evaporator dry saturated. Other losses in the
system are neglected.
The thermodynamics of the vapour compression cycle
can be analyzed on the temperature versus entropy
diagram as depicted in Fig. 2. At point 1 in the

diagram, the circulating refrigerant enters the
compressor as a saturated vapour. From point 1 to 2,
the vapour is isentropically compressed, and exits the
compressor as superheated vapour. From point 2 to
point 3, the vapour travels through part of the
condenser, which removes the superheat by cooling
the vapour. Between point 3 and point 4, the vapour
travels through the remainder of the condenser, and is
condensed into a saturated liquid. The condensation
process occurs at essentially constant pressure.
Between points 4 and 5, the saturated liquid
refrigerant passes through the expansion valve, and
undergoes an abrupt decrease of pressure. That
process results in the adiabatic flash evaporation and
auto-refrigeration of a portion of the liquid (typically,
less than half of the liquid flashes). The adiabatic
flash evaporation process is isenthalpic (occurs at
constant enthalpy.

Fig. 2: T-S Diagram of a Vapour Compression Cycle
Between points 5 and 1, the cold and partially
vaporized refrigerant travels through the coil or tubes
in the evaporator, where it is totally vaporized by the
warm air (from the space being air-conditioned) that a
fan circulates across the coil or tubes, in the
evaporator. The evaporator operates at essentially
constant pressure, and boils off all available liquid
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there, after adding 4-8 Kelvin of superheat to the
refrigerant as a safeguard for the compressor (as it
cannot pump liquid). The resulting refrigerant vapour
returns to the compressor inlet at point 1, to complete
the thermodynamic cycle. A corresponding P-V
diagram of this cycle is shown in Figure3 (Ballaney,
2011).
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Fig 3: P-V Diagram of a Vapour Compression Cycle

RESULTS AND DISCUSSION
In the analysis of the system, we make use of the
steady state flow energy equation. For ease of
analysis, it is assumed that changes in kinetic and
potential energies are negligible.
At point 1 (refer to Fig. 3), and from the saturated
refrigerant-134a – Pressure Table (Appendix 1[10])
P1= 2 bars = 200 kPa = 0.2 MPa
T1= -10.09 oC
S1= 0.93773 kJ/KgK
v1= 0.099867 m3/Kg
h1 = 244.46 kJ/Kg
At point 2
P2 = 8 bars = 800 kPa = 0.8 MPa
S1 S2 = 0.93773 kJ/KgK
We interpolate to get the value of h2

=

=
h2 = 293.28 kJ/Kg
At point 3
P3 = 800 kPa
h3 = hf = 95.47 kJ/Kg
At point 4
h4 = h3 = 95.47 kJ/Kg
Refrigerating Effect = h1 – h4
= 244.46 – 95.47
= 148.99 kJ/Kg
To determine the mass flow rate for the 10-ton plant,
the following formula is used;

=

Recall, 1

ton = 3.52 kW
Therefore,
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;

=

–

= 0.2363 Kg/min
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The mass flow rate per KW of refrigeration is
calculated from the equation;

=

–

=

–

= 6.71 x 10-3 Kg/hr
The volumetric flow rate of the refrigerant through the
evaporator, for the 10 ton plant, is determined thus;
Ṽ=
x v1
= 0.2363 x 0.099867
= 0.02360 m3/min
To determine the power input in the system, in horsepower, for the 10 ton plant, we employ the following
equation;
Pin =
(h2 – h1)
= 0.2363 (293.28 – 244.46)
= 11.54 KW
We multiply this value with a conversion factor of
1.34, to get the value of power input in hp, thus;
Pin = 11.54 x 1.34
= 15.46 hp

= 4.39 hp/ton
A certain percentage of the refrigerant is actually
doing the cooling; and this is determined thus
= 95.47 KJ/Kg; and

= 38.43 KJ/Kg

Therefore, hf = = 95.47 – 38.43
= 57.04 KJ/Kg
But
= 244.46 KJ/Kg
% Vapour =

= 0.2333 = 23.33 %

% Liquid = 1- 0.2333 = 0.7667 = 76.67 %
The system under design has a co-efficient of
performance; this is calculated using the following
relation:
COP =

=
=

To design the condenser capacity for the 10 ton plant,
we refer to the equation;
=
(h2 – h3)
= 0.2363(293.28 – 95.47)
= 46.74 KW
After compression, the temperature of the refrigerant
increases; to determine this value, we make some
interpolation, employing the equation;

= 3.05
If the system is superheated by 8.06 oC, the C.O.P.
changes; and to determine this value, we perform
another interpolation, thus:
T2 = 31.31 + 8.06 = 39.37 oC

=

=
=
=
= 275.76 KJ/Kg
o

T2 = 55.97 C

=
The horsepower per ton of refrigeration for the 10 ton
plant is calculated using the equation;
hp/ton =
hp/ton =
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=

= 4.76

Assuming the system is to be under-cooled to 21.55
o
C, a significant change is noticed in the C.O.P., this
is determined thus:
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After interpolation, we get;

, and

= 81.51 KJ/Kg

ASHRAE Handbook of Fundamentals, (1997).

=
–

=
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APPENDIX 1
The saturated refrigerant-134a—pressure table (in SI units) is given below.
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