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ABSTRACT
Designing an air-conditioning system for the utmost comfort of occupants in a 100-seater hall, demands
patience and competence. The designer must have a good grasp of psychrometric chart. Certain conditions in
the in-door and out-door of the auditorium were factored into this analysis. These gave a mixing temperature of
25.25 oC. The situation of infiltrations occasioned by number of doors, windows, and other gaps in the wall
governed the design. Based on the parametric assumptions made, the cooling capacity of the plant, QC, equals
18.60 KW; and the water condensation rate of the plant, wr, approximates to 0.004 Kg/s. Factors directly
affecting thermal comfort of the human are: air temperature, moisture content of the air, radiant exchange and
air movement. These, considered together, enabled us to estimate the mixing condition of wet and dry air.
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INTRODUCTION
Auditorium space types are areas for large
meetings, presentations, and/or performances.
Auditorium space type facilities may include
assembly halls, exhibition halls, and theatres. They
are usually designed to accommodate large
audiences. As such, they tend to have wide spans,
and are multiple-stories high, in order to
accommodate seating, sightlines, and acoustical
requirements. Raised stage/dais floors and special
lighting equipment are often required as well.
Typical features of auditorium space types include
the list of applicable design objectives elements as
outlined below
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Sloped Floors: Sloped floors, with level terraces for
each row of seating, help provide the proper
sightlines from the audience to the stage. Note that
the bottom and intermediate rows should be directly
accessible from entry levels to allow for compliant
accessible seating position.
Fixed Seats: Typically, fixed seats with tilting
upholstered seat and back, integral arm and tablet
arm are provided with articulated back, for
maximum occupant passage space between rows.
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Special Lighting: Dramatic lighting systems include
front lighting, foot lighting, spot lights, follow spot
lights, beam lights, and flood lights. There are, also,
a projection room/booth with manual and
programmable lighting controls, and a space for the
spot light operator. Lighting systems should be
flexible to accommodate various performance
venues in the auditorium.
Special Acoustical Design: Quality acoustical
characteristics are important in auditorium spaces
so that performances and presentations can be
clearly heard and understood. For performance
spaces
and
general
presentation
spaces,
recommended noise criteria (NC) rating ranges
from NC-20 to NC-30; recommended sound
transmission class (STC) rating ranges from STC
40 to STC 50. Strategies to achieve the
recommended NC and STC ranges include, for
example: Type II vinyl wall covering and fabric
covered acoustical wall panels for the interior wall
finish in the auditorium; Type II vinyl wall
coverings for the stage area; Type II vinyl wall
coverings for 1/3 of the front of the orchestra
(audience) sidewalls and fabric covered acoustical
panels for 2/3 of the back of the orchestra
(audience) sidewalls, fabric covered acoustical
panels for rear walls; and a plaster and plywood
combination characteristics for the ceiling.
Increased Cooling capacity: Usually, airconditioning systems for auditorium spaces are
sized and zoned to accommodate varying internal
loads, which are a function of audience size,
performance lighting loads, and projection
equipment. Air handling units (AHUs) with
increased cooling capacity should be zoned
separately for the auditorium, lobby, projection
spaces, stage areas, and audience seating areas.
Air-conditioning is that branch of engineering
science which deals with the study of conditioning
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of air for human comfort. This discipline, in its
broad sense, also deals with the conditioning of air
for industrial purposes, food processing, storage of
food and other materials (Khurmi and Gupta, 2008).
Strictly speaking, human comfort depends upon
physiological and psychological conditions. Hence,
it 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. The building of most auditoria in
Nigeria, pose the problem of ill-ventilated
atmosphere and suffocation during sessions. Major
parts of the building exposed to sun; the roof being
heated throughout the day (Madu, 2018). Hence, the
need to design air cooling system for the comforts
to the occupants in a 100-seater capacity
auditorium, during longer programs (Wane and
Nagdeve, 2012). actors 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 endeavor
(Thornley, Partner, Roger and Partners, 1969).
The history of air-conditioning is antique. Since
prehistoric times, snow and ice were used for
cooling. The business of harvesting ice during
winter and storing for use in summer became
popular towards the late 17th century (Nagengast,
1999). This practice was replaced by mechanical
ice-making machine. The 2nd century Chinese
mechanical engineer and inventor, Ding Huan, of
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the Han dynasty, invented a rotary fan for airconditioning, with seven wheels 3 m (10I) in
diameter and manually powered by prisoners of the
time (Needham, 1991). In the 17th century, the
Dutch inventor, Cornelius Drebbel demonstrated
“turning summer to winter” as an early form of
modern air-conditioning for James 1 of England, by
adding salt to water (Laszlo, 2001). Modern airconditioning emerged from advances in chemistry,
during the 19th century, and the first large-scale
electrical air-conditioning was invented and used in
1902, by an American inventor Willis Carrier.
Carrier’s invention controlled not only temperature,
but also humidity. In 1945, Robert Sherman of
Lynn, Massachusetts invented a portable, inwindow air-conditioner that cooled, heated,
humidified, dehumidified, and filtered the air.

RESULTS AND DISCUSSION
The conditions as indicated are captured in the
psychometric chart (cf. Appendix 1)
Point 1=> Outdoor Condition: 0.35 x 35 = 12.25 oC
Point 2=> Indoor Condition: 0.65 x 20 = 13.00 oC
Therefore, Mixing Condition: 12.25 oC + 13.00 oC
= 25.25 oC. The mixing temperature is the dry-bulb
temperature of the mixing air.
25 m3/hr/Person

Note: Volumetric Flow Rate, V = ṁ x v; where v =
specific volume, and ṁ = Mass flow Rate
Specific Volume at Point 1 = 0.891
ṁ=

MATERIALS AND METHOD
The normal heat load pattern would be: net sensible
heat gain and net latent heat gain. The following
expression is given for the space to be airconditioned. A meeting is scheduled to take place at
a university auditorium, with an expected audience
of 100 occupants, to the maximum. It is required to
air-condition the hall to take care of the comfort of
the occupants. The hall is to be maintained at 20 oC
db, and 50 % RH. Out-door air of 35 % proportion,
at a temperature of 35 oC db, and 23 oC wb, mixes
with the in-door air. The air circulation rate (in the
hall) is estimated at 25 m3/hr/occupant. The
estimated heat gain in the hall (exclusive of
infiltration) is 230,000 KJ/hr of which 30% appears
as latent heat. Assuming a barometric pressure of
1.01325 bar, and an air-off-coil temperature of 26
o
C db in-door and 12 oC db out-door; we are to
design a system on psychrometric chart, showing all
conditions.

2500 m3/hr = 0.694 m3/s

= 0.7789 Kg/s

From Point 1 to Point 4, we experience latent heat
due to infiltration
Enthalpy at Point 1, h1 = 68.1 kJ/Kg
Enthalpy at Point 2, h2 = 39.5 kJ/Kg
Enthalpy at Point 3, h3 = 49 kJ/Kg
Enthalpy at Point 4, h4 = 54 kJ/Kg
Similarly,
Humidity Ratio 1, w1 = 12.75 g/Kg = 0.0128
/
Humidity Ratio 2, w2 = 7.3 g/Kg = 0.0073 Kg/Kg
Humidity Ratio 3, w3 = 0.0092 Kg/Kg
Humidity Ratio 4, w4 = w2
(P1 – P4) = Sensible Heat
Sensible Heat Rate due to Infiltration,

= ṁ(h4

– h2) = 11. 29 kJ/s
Latent Heat Rate due to Infiltration,

= ṁ(h1 –

h4) = 18. 10 kJ/s

Equatorial Journal of Engineering (2018)

Page 3

It has to be noted that the infiltrated air is due to
crevices in the door, windows, and cracks in the
wall.

= 0.5S x 0.02337 = 0.011685 mPa
Therefore, w =

Sensible Heat, QS = 0.7 X 230,000 = 161000 kJ/hr
= 44.72 kJ/sec
Total Heat Gain,

= 230,000 kJ/hr

Latent Heat,
= 0.3 x 230,000 = 69,000 kJ/hr =
19.17 kJ/sec
= 0.7 x 230,000 = 69,000 kJ/hr = 44.72 kJ/sec

= 0.007256 kJ/Kg
The percentage of saturation of the in-door air, is
usually
determined
using
the
following
mathematical relation;
=

= 0.5 x

= 0.4962;

=

+

= 56.06 kJ/sec

where P = Barometric Pressure
The mass flow rate of entry air, has the value;

=

+

= 37.27 kJ/sec

ṁ=

Recall, 2500 m3/hr = 0.694 m3/s

= 0.7789 Kg/s

Sensible Heat Ratio, SHR, is calculated thus;

It follows that water condensation rate, wr, from the
plant is calculated using the relation;
wr = ṁ (w3 – w5)

SHR =

wr = 0.7789 (0.0092 – 0.0045) = 0.003661 Kg/s

= 0.6

h5 = 25.0 kJ/Kg
w5 = 0.0045 Kg/Kg
The humidity ratio of the in-door air, w, can be
analytically calculated, thus;
W=
Note: RH =

=

=

From Saturated Water – Temperature Table (cf.
Appendix 2)
@ 20 oC = 0.02337 mPa
0.5 =

Equatorial Journal of Engineering (2018)

Similarly, the cooling capacity, QC of the plant
equals;
QC = ṁ (h3 – h5)
QC = 0.7789 (49 – 25) = 18.60 KW
Due to the cooling effect produced in the
evaporator, some quantity of water is generated. To
calculate the amount of this water, we perform the
following computation;
ṁ x 3600 = 0.7789 x 3600 Kg/hr = 2804.04 Kg/hr
In 2 hours, the quantity of water equals;
0.7789 x 3600 x 2 = 5608.08 Kg
It could be inferred, from the above analysis, that
the cooling capacity of the plant is a function of the
mass flow rate of air, ṁ; and enthalpies at points 3
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and 5. Any increase in these values, bring about a
corresponding increase in the cooling capacity of
the plant; and vice versa. In the same vein, the
humidity ratio of the in-door air varies directly as
the partial pressure and inversely as the saturation
pressure of the space to be air-conditioned. In
psychrometry, when the relative humidity is 100 %,
everywhere is literarily, water. Relative humidity,
therefore, is pressure dependent. Saturation pressure
changes with changing ambient temperature.

CONCLUSION
To guarantee the effectiveness and feasibility of the
above enterprise, certain conditions must be put in
perspective. These include: ambient conditions such
as temperature and relative humidity, season of the
year during which the design is done, condition of
the space/room in which the air-conditioner is to
run. The performance of the system, depends on the
operating parameters. When the in-door and outdoor conditions change, a new and different output
is obtained.
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APPENDIX 1a: PSYCHROMETRIC CHART
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APPENDIX 1b: DESIGN ON PSYCHROMETRIC CHART
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APPENDIX 3
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