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Abstract— This research mainly focuses on the energy saving
measures in a customized cooling plant and no compromise
had been made while maintaining the operating temperature
as per requirements. After considering different geographical
and thermal aspects of required cooling space various
measurement and data had been collected. On the basis of all
these factor and accordingly manufactures catalogue more
tonnage requirement was there as compared to this
customized one. It has been observed that combination of
secondary refrigerant such as water and glycol produces more
cooling effect in comparison with water alone. Comparison
of energy consumption of water alone and water glycol
combination has been performed using experimental setup in
which secondary refrigerant is pre cooled with the help of
primary refrigerant R134a before passing through cooling
coils. The coefficient of performance of the combination is
found to be higher than the water alone and hence provides
better cooling. At the same time it also noted that energy
consumption in the case of combination is slight less than the
water alone and thus the combination refrigerants is better
and cost effective in this case.
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. INTRODUCTION

In a humid subtropical city, with cool, dry winters, a hot
summer and with a humid monsoon season, most of the
refrigeration and heating, ventilation and air conditioning
(HVAC) applications involve cooling of air, water, other
fluids or products. Heating is required only for a very small
period in winter in the northern parts of India and in places at
high altitudes.

Refrigeration and Air-conditioning accounts for a
significant portion of the energy consumption in many
manufacturing industries (like chemicals, pharmaceuticals,
dairy, food etc.), agricultural & horticultural sectors (mainly
cold stores) and commercial buildings (like hotels, hospitals,
offices, colleges, hostels, airports, theatres, auditoria,
multiplexes, data processing centers, telecom switching
exchanges etc). It covers a wide variety of cooling
applications, using both standard and custom-made
equipments, some commonly used applications are process
cooling by chilled water or brine, ice plants, cold stores,
freeze drying, air-conditioning systems etc. These Cooling
systems can also be called as Chillers, have become an
essential HVAC component of a wide variety of places,
buildings, plants etc. The industry has long recognized that
the present cooling systems like split and window air
conditioning as well, represent the single largest consumer of
electrical usage in most facilities. They can easily consume
more than 50% of the total electrical usage during seasonal
periods. In other words, chillers can be combined to use

approximately 20% of the total electric power consumption
in present situation. Moreover, it is estimated that chillers can
expend up to 30% in additional energy usage due to various
operational inefficiencies. These acknowledged
inefficiencies cost companies and building facilities billions
of rupees annually.

In general, a chiller facilitates the transfer of heat
from an internal environment to an external environment.
This heat-transfer device relies on the physical state of a
refrigerant as it circulates through the chiller system.
Certainly, chillers can function as the heart of any central
HVAC system. While HVAC systems are responsible for
regulating the comfort levels of most indoor environments, a
chiller plant act as a centralized cooling system which
provides cooling for a building or a number of buildings.
Additionally, it provides a portion of the air conditioning by
HVAC systems.

Generally Commercial buildings use Heating,
Ventilation and Air Conditioning systems to dehumidify and
to cool the building. Modern commercial buildings seek
efficient systems and its components as part of broader
initiatives  centered on building performance and
sustainability. Building occupants similarly carry great
expectations that the provided system will function as
intended, to create a comfortable interior environment
regardless of the conditions external to the building. Comfort
air-conditioning generally implies cooling of room air to
about 24°C and relative humidity in the range of 50% to 60%.
Industrial process air conditioning and precision air
conditioning may require temperatures ranging from 18°C to
24°C with relative humidity values ranging from 10% to
60%.

Regulating the temperature inside a building is a
major concern for us. The design, costs, and work involved
to provide optimal comfort to the people, need a lot of
thoughts, planning and investment as well. With the trend of
green buildings in vogue, a centralized cooling system would
be a better choice which will save the environment from
being polluted along with saving the energy consumption and
consequently saving the cost as well.

Il. LITERATURE REVIEW

There are various research and developments, which has been
performed on efficient usage of central air conditioning
system for commercial and public places and many steps has
been taken so far minimize energy consumption and cost
deduction as well, providing the comfort condition in terms
of temperature and relative humidity.

Xue Xue et al. B proposed a novel method of
minimizing power consumption for existing chiller Plant.
They made many efforts on load predictions and optimal
control strategies in order to minimize the power
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consumption of chiller. After comparing many models they
considered BP-ANN model was the proper model in
predicting COP of chiller accurately, it was found to be quite
suitable for estimating the power consumption characteristics
in HVAC system.

Wantao Shi et al. [ developed a novel method for
evaluation of energy saving potential of HVAC system based
on exergy analysis. They used airport HVAC system for
validation. They found out that the proposed evaluation
method can accurately and credibly evaluate the energy
saving potential of HVAC system under uncertainties.

Chao Liu et al. ¥ compared energy saving potential
and adjustability based on relationship between rate of
electricity consumption of air conditioning system and
occupancy load rate after analyzing the electricity
consumption of two buildings that are equipped with variable
refrigerant flow and centralized air conditioning system.
They found out, both variable refrigerant flow air
conditioning system and centralized air conditioning system
had great potential for energy saving but that was not
universal. The energy consumption characteristics of two
kinds of air conditioning system needed further research.

Yixing Chen et al. [®1 evaluated the impacts of chiller
design and their control strategies on the energy performance
of the multi-chiller plants. They found out that selection of
multiple chillerswas essential to evaluate each chiller
combination under different control strategies to make sure
the chosen design option had high total COP. They also
concluded that It was not good to design the chiller plant with
all the same capacities. The capacity of the chillers should be
slightly different to provide flexibility for control.

Sonali Suhane et al. 'l wanted to replace the window
and split air conditioning system by centralized air
conditioning system after considering some duct losses for
that they made an energy audit of the hospital in which
various electrical and thermal utilities were considered such
as transformer, lighting, air conditioning system, pumps etc.
They found out that, in order to get benefited they should
implement energy efficiency measures cost effectively,
equipments should best installed in new buildings. If an
equipment had to be replaced anyway, it was only the extra
cost i.e over-cost compared to a conventional system, should
be taken into consideration. By using centralized air
conditioning system with some duct losses considered, they
got a huge annual saving in electricity and their respective
cost annually.

F.W. Yu et al. ® focused on Low-energy design for
air-cooled chiller plants in air-conditioned buildings after
experimental verification of chiller models, they discussed
how the number and size of air-cooled chillers in a chiller
plant should be designed to improve their energy
performance. They highlighted the need to split properly the
total cooling capacity of a chiller plant into different
proportions to save chiller and pump power. Their findings
would offer guidance on how to select chillers of different
sizes for a low-energy chiller plant.

Philip C.H.Yu et al. I surveyed different basis for
proper Sizing of air-conditioning plant for commercial
buildings in Hong Kong, after taking into account human
comfort and energy consumption. They found out that
removing heat from the building was the most important

primary design objective, they also suggested to follow sizing
method proposed in the ASHRAE Handbook or CIBSE
Guide.

Deng Shiming 1% proposed a dynamic mathematical
model of a direct expansion water-cooled air-conditioning
plant. The model developed, validated using the experimental
data collected from the plant, they found out that the model
after validation was a good representation of the real plant
and the model was expected to be very useful in designing
appropriate control systems for a direct expansion air
conditioning system.

Wangi Xiong et al. ¥ proposed a semi physical
model to describe static characters of a typical heating,
ventilation and air conditioning (HVAC) system.They
estimated that mathematical models of HVAC systems was
of great significance for optimizing power consumptions in
large buildings. They found out the optimal operating points
of input variables to minimize the power consumption of the
HVAC system, subject to requirements on air temperatures in
rooms.

Lingen Chen et al. 2 proposed optimal allocation of
heat-exchanger area between two heat exchanger i.e the
evaporator and the condenser, for refrigeration and air-
conditioning plants. They found out that the optimal
allocation of the heat-exchanger surface-area provided a basis
for minimization of the plant weight and size, which were
very important factor for real refrigeration and air
conditioning plant design.

Luigi Schibuola ™3 experimentally analyzed the
condenser heat recovery in an air conditioning plant by
monitoring building—plant system long term behaviour. In the
specific case of the total recovery plant, they found out an
amount of energy and economic savings referring to the
estimated costs. They found results very satisfactory both in
energy and economic-financial terms.

G.P.Maheshwari 4 et al. proposed the impact of
energy conservation measures on cooling load and air
conditioning plant capacity. They found out that the use of
energy efficient glazing and cold storage for buildings with
part day occupancy such as clinics, reduced the cooling load
of an ac and found to be cost effective.

M.Krarti et al. [51 estimated the benefit of
Transitioning to high efficiency air conditioning for
residential buildings in Saudi Arabia. They found out that
upgrading the existing window units and split systems to
HVAC would generate a huge reduction in electricity
consumption and cost respectively.

Vittorio Ferraro et al. '] performed an experimental
testing of the control system of an air conditioning plant
which was able to operate with air and water for cooling and
heating. They found out that the implementation and
flexibility of the instruments used guaranteed good plant
performances.

I1l. RESEARCH METHODOLOGY

This research mainly concentrates on the energy saving
measures and to install cooling plant to maintain the room
temp of 24°C as per new Govt. of India policy.

After considering different geographical and
thermal aspects of the required area to cooled, i.e number of
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windows, doors; area of windows, direction of window,
volume of the room, roof area, normal avg. temp of the room,
no of staffs always present there, how frequently doors are
being opened and people come or leave, on which floor the
room is situated, total number of floors in the building, how
many walls are sun facing, direction of sun facing walls etc,
on the basis of all these factors, various measurements have
done and data collected. Now according to different AC
manufacturers after consideration of all the above mentioned
factors, for effective and comfort cooling of desired space,
there is a requirement of 2 x1.5 Ton conventional ac.

Now, the paper consist of placing a central cooling
plant in the adjoining room which contains a compressor unit
of 1.5 Ton, having R134a as a primary refrigerant which will
be used to cool the water and combination of water and glycol
time to time here which are treated as a secondary refrigerant
placed in a tank and which is attached with a pump which
moves the chilled water by mechanical action through
insulated ducts via a flow meter which measures the
volumetric flow. The desired cooling space is equipped with
2 cooling coils and air regulator , Now the chilled water
reaches through the insulated ducts to the cooling coils which
extracts heat from the staff room area and there occurs a
thermal energy exchange between the cooling coils and
surrounding air present in the staff room and desired cooling
area got cold.

On the basis of all these procedure, various
measurements has been done and data collected so that we
can easily calculate what would be the cop of our developed
system , and how much effective cooling is provided by the
system, to what extent our developed system is cost effective.
Now we will replace the secondary refrigerant i.e water with
Glycol which is a water-miscible coolant that is frequently
used in heat transfer and cooling applications and is known
for good heat transfer parameters.

After that we will repeat the same procedures as
above and different data collected and calculation will be
done and finally we will compare between both the
secondary refrigerant used here i.e water and combination of
water & glycol, Which one has better and effective cooling,
Which one is better cost effective.

IV. EXPERIMENTAL SETUP

In this experimental set up we had modified a unit of air-
conditioning system for our specific purposes and taken
reading at different condition and go for further calculation.
The experimental set up consists of following Components:
—  Compressor Unit

— Refrigerant R134a

—  Thermocouple

— Rotameter (Flow meter)

— Digital Thermometer

— PVC pipes

— Regulator

— Insulation sheets

—  Pump motor-1/2 hp

—  Cello Tape

— Secondary refrigerant tank

—  Flexible pipe
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Fig. 1: Flow Diagram of Modified Air-Conditioning Unit

Figure 2 shows set up of modified cooling plant

setup in which standard components numbered are as follows.

—  Compressor Unit

— Rotameter/Flow meter (Lph)

— Duct carrying water/combination

—  Water/ Combination Tank,

— Duct carrying R134a

—  Energy Meter

—  Thermostat Controller,

—  Thermocouple
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Fig. 2: Cooling Plant room set up

Fig.3- shows Cooling coil and Electronic
Thermocouple is placed in desired cooling space, is a part of
our cooling system used to extract the heat from the
surroundings. Tube of the coil is made up of Copper and fin
is made up of Aluminum. Cooling coils materials should have
higher melting point, higher thermal conductivity, higher
strength and toughness, must have higher corrosion.
Thermocouples are used here made of two dissimilar metals.
Once the metals are heated, they give off an electromotive
force or voltage. The thermocouples are placed in the medium
that is to be measured. Extension wires run from the
thermocouple to the meter. The meter then gives the
temperature reading at the remote location.

Fig. 3: Cooling coil and Electronic Thermocouple
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Energy Meter & Thermostat control is shown in
Fig.4 for energy consumption and control is attached here in
the modified unit. A Digital Electronic Energy Meter is used
here which measures the total electrical energy consumed by
which draw electrical energy from the main power supply at
a specified location. Electricity supplied does work at the
location and is measured in kWh. Thermostat controller a
regulating device is used to sense the temperature of
a physical system and performs actions so that the system's
temperature is maintained near a desired set point. It exerts
control by switching heating or cooling devices on or off, or
by regulating the flow of a heat transfer fluid as needed, to
maintain the correct temperature.

Fig. 4: Energy Meter & Thermostat control

Fig.5:- shows a variable-area flowmeter device in
which falling and rising action of a float in a tapered tube
provides a measure of flow rate are based on the opposition
between the downward force of gravity and the upward force
of the flowing fluid. When the flow is constant, the float stays
in one position that can be related to the volumetric flow rate.
That position is indicated on a graduated scale which gives
the respective readings. Based on a float of given density's
establishing an equilibrium position where, with a given flow
rate, the upward force of the flowing fluid equals the
downward force of gravity. The float moves up and down
inside the rotameter's tapered tube proportionally to the flow
rate of the fluid. It reaches a constant position once the fluid
and gravitational forces have equalized. Changes in the flow
rate cause rotameter's float to change position inside the tube.
It is also important to remember that if there is no flow the
float will sink to the bottom of the rotameter due to its own
weight.

V. RESULT AND DISCUSSION

Various parameter need to be taken in consideration when we
have to select an economical cooling system for the desired
area to be cooled. After collecting the required information

&

Fig. 7: Arrangements in the desired cooling space

Fig. 5: Rotameter/Flow meter

The compressor unit of an air conditioning system,
having energy certification of 3 star rating and has the
capacity of 1.5 ton is used here and shown in figure. The
compressor is housed within the condenser unit and the
component that starts the chain reaction cools the refrigerant.
Then heat moves toward cooler areas. When the room
temperature air passes through the evaporator unit, heat is
eliminated from the air. The heat from the air passes along to
the refrigerant, which is then fed into the compressor. The
refrigerant is then compressed, which condenses into a fluid,
and is then released under pressure. At this point, the
refrigerant is much hotter than when it came in, but the heat
is then dissipated through the condenser coils. By the time it
reaches the end of the loop, the refrigerant is cold again and
fed into the cooling coils. This cycle continues as long as the
air conditioner is turned on.

about the place to be cooled then we generally contact the
available service provider in this field. For the desired area to
be cooled requirement was 2 split air conditioning system of
1.5 ton cooling capacity. The volume of the space to be
cooled was 6000 cubic feet in which energy consumption was
2520 Units per month considering 8 hours per day operation.
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Under the same operating condition power consumption
using combination of glycol and water as secondary
refrigerant is lesser than using water alone as secondary
refrigerant. Also COP obtained using combination is higher
than water alone as secondary refrigerant.
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Fig. 8: Net Power Consumption (in kW) for 30 Min

VI. CONCLUSION

Secondary refrigerant technology is most promising to avoid
large amount of refrigerant leakage and at the same time less
power consumption and hence cost effective. A mixture of
water and glycol solution is potentially a more efficient
secondary refrigerant than water alone. If we consider the
salvage value of existing air conditioning system, then we
reduced the cost of centralized air conditioning system as well
as their payback period is also reduced.
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