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Abstract
Energy is one of the basic requirements for the existence and development of human life. The focus is now shifting to
energy conservation due to the problems associated with conventional energy sources. This project introduces a novel
water heater product that can achieve the multi-functions with improved energy performance. This paper deals with
experimental investigations on the performance of a water heater, which uses waste heat from a 1.5 tonne air conditioner.
Thus incorporation of a water heater in the outdoor unit of a split-type air-conditioner would result in simultaneous room
space cooling and water heating. The experimental results showed that the water heater is capable of producing 88 litres
of hot water in one hour of time with a temperature of 52°C. It is seen that up to 37°C of hot water temperature, COP of the
waste heat recovery system is more than the COP of conventional air conditioner. But after 37°C, with the increase in hot
water temperature, the COP of the waste heat recovery system decreases and becomes less than the COP of conventional
air conditioner.
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1. Introduction
Waste heat from an air conditioning system can be used
to heat domestic water. An enormous amount of waste
heat is rejected from the air conditioner’s condenser to the
atmosphere. This waste heat can be recovered and utilized
it to heat water, which could reduce water-heating costs.
Shaowei Wang et al1 have experimentally studied a split
air conditioner with a new hybrid equipment of energy
storage and water heater all year round (ACWES). AbuMulaweh et al2 have analyzed the design and performance
of a thermo siphon heat recovery system which recovers
heat rejected from an air conditioner and it is described
by presenting some experimental test data. Heat recovery from an air conditioner by thermosiphon is attractive
because it eliminates the need for a circulating pump.
*Author for correspondence

Results indicate that the design of the thermosiphon heat
recovery system was a success. The study has shown that
such a system is technically feasible and economically
viable. Di Liu et al3 have developed a looped separate heat
pipe as waste heat recovery facility for the air-conditioning
exhaust system in this work. An experiment was implemented to validate the simulated results. The numerical
predictions compare favorably with experimental results.
Huimin Jiang et al4 have carried out an experimental
study on the waste heat recovery from the condenser of
an air conditioner which experimentally studies a modified air conditioner that operates in the space-cooling
and water-heating mode. Mostafa et al5 have carried out
a experimental investigation on heat pipe heat exchangers which are used in heat recovery applications to cool
the incoming fresh air in air conditioning applications.

2. Constructional Details and Test Procedure of the Experimental Set-up
The experimental set-up mainly consists of a 1.5 tonne air conditioner with a reciprocating
compressor, evaporator, air cooled condenser, water cooled condenser, compressor, water
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tank. The overall experimental set-up is shown in Figure 1 as a block diagram.

Techarungpaisan et al6 have simulated a model on to predict
the performance of a small split type air conditioner with
integrated water heater. The mathematical model consists
of sub models of system components such as evaporator,
condenser, compressor, capillary tube, receiver and water
heater. It was found that the experimental and simulation
results are in good agreement. Guangcai Gong et al7 have
carried out a experimental work on a new heat recovery
technique for an air-conditioning/heat-pump (AC/HP)
system. Hua Chen et al8 have carried out an experimenFigure 1. Block diagram.
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Figure 2. Experimental set up.

Figure 2. Experimental set up.

Figure 2. Experimental set up.

• Mass Flow rate of refrigerant, mr = Capacity in kW/
(1)
(h1–h4)
• Refrigeration Effect (Re) = (h1 – h4)
(2)
• Compressor work (W) = mr × (h2– h1)
(3)
• Heat rejected in the Condenser = mr × (h2– h3) 	 (4)
• Power consumption by the compressor
300 × n
(W) =

(5)
3600 × t
Where,
n = number of revolutions of compressor,
t = time taken for n revolutions in seconds.
• Coefficient of Performance, (COP) = (h1 – h4)/
(6)
(h2 – h1)
Where,
h1 = Enthalpy at the beginning of compression in kJ/kg,
h2 = Enthalpy at the end of compression in kJ/kg,
h3 = Enthalpy at the beginning of the expansion in kJ/kg,
h4 = Enthalpy at the end of expansion in kJ/kg.
By using the above formulae, the COP, power consumption of the system with air cooled condenser and water
cooled condenser is found out.

Figure 3. Compressor fitted with pressure gauges and temperature knobs.
Figure 3. Compressor fitted with pressure gauges and temperature knobs.

Figure 3. Compressor fitted with pressure gauges and
temperature knobs.

(7)
• Heat transfer in the tank, Q = m Cp (T2–T1)
Where,
m = mass flow rate of water in kg/sec,
Cp = specific heat capacity of water in kJ/kg K,
T2 = final temperature of water in degree Celsius,
T1 = initial temperature of water in degree Celsius.

3. Results and Discussion

Figure 4. Condenser
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Evaporator is placed in the room. Room temperature is kept at 22, 24 and 26 degree Celsius.
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From the Figure 5, it is clear that for room temperatures
of 26°C, 24°C, 22°C COP of the system decreases gradually with the increase in room temperature. The COP of
the system is higher for a room temperature of 26°C than
for 24°C and 22°C. The COP of the system is higher for
a higher room temperature when compared with lower
room temperature. With the decrease in room temperature, the COP of the water cooled condenser decreases.
From the Figure 6, it can be seen that the COP of the
water cooled condenser with a hot water temperature of
33°C is higher than the COP of the water cooled with
a hot water temperature of 37°C. When the room temperature increases the COP for both air cooled and water
condenser increases. Up to 37°C of hot water temperature, the COP of the water cooled condenser is more than
the COP of the air cooled condenser.

by noting the number of revolutions from it. For every 5 minutes readings are noted
experimentally from the system. The power consumption and COP of the system with air
cooled condenser and water cooled condenser is determined by adopting the above procedure
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separately for the systems with air cooled condenser water cooled condenser respectively.
The COPs of the both the systems determined were compared. The initial and final
temperatures of the water in the tank were noted. Thus the rate in which the water is heated is
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From the Figure 6, it can be seen that the COP of the water cooled condenser with a hot water
temperature of 33°C is higher than the COP of the water cooled with a hot water temperature
of 37°C. When the room temperature increases the COP for both air cooled and water
condenser
increases.
Up to
37°C from
of hot water
temperature,
the COP of
the water cooled
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Waste
Heat
an Air
Conditioning
System
condenser is more than the COP of the air cooled condenser.
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5. Comparison
of COP for water cooled
condenser
at different
room and
hot water
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and 45°C of water temperature).
and water cooled
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temperature).
From the
Figure 7, it is observed that the COP of the water cooled condenser with a hot water

temperatures.

temperature of 45°C is higher than the COP of the water cooled with a hot water temperature
of 41°C. When the room temperature increases the COP for both air cooled and water
condenser increases. After 37°C of hot water temperature the COP of water cooled condenser
decreases gradually than that of air cooled condenser due to improper condensation of
refrigerant. The COP of water cooled condenser decreases with the increase in hot water
temperature.

Figure 6. Comparison of COP for air cooled condenser and water cooled condenser (at
33°C&37°C of water temperature)
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system temperature)
decreases gradually with the increase in room temperature. The COP of the system is
From the Figure 5, it is clear that for room temperatures of 26°C, 24°C, 22°C COP of the

system decreases gradually with the increase in room temperature. The COP of the system is

From the Figure 7, it is observed that the COP of the
water cooled condenser with a hot water temperature of
45°C is higher than the COP of the water cooled with a hot
water temperature of 41°C. When the room temperature
increases the COP for both air cooled and water condenser increases. After 37°C of hot water temperature the
COP of water cooled condenser decreases gradually than
that of air cooled condenser due to improper condensation of refrigerant. The COP of water cooled condenser
decreases with the increase in hot water temperature.
From the Figure 8, it can be seen that the compressor power for room temperature of 26°C is higher than
that for room temperatures of 24°C and 22°C. With the
increase in room temperature and hot water temperature
the compressor power consumption of system with the
water cooled condenser increases. For higher room temperatures the work done by compressor is high, so the
power consumption of the compressor is high for high
4
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8, it can be seen that the compressor power for room temperature of 26°C is
higher than that for room temperatures of 24°C and 22°C. With the increase in room
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From the Figure 9, it is clear that the heat rejected
temperature. The compressor power increases with the increase in water temperature.
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room temperature. So, the heat rejected from the water
cooled condenser increases with the decrease in room
temperature. The water temperature increases with the
increase in the heat rejected from the condenser.
From Figure 10, it is observed that the time taken for
heating of water is less for a lower room temperature of
22°C, when compared to higher room temperatures of
24°C, 26°C. This is due to the reason that, a large amount
of heat is rejected from the water cooled condenser for
water cooled condenser increases. For higher room temperatures the work done by

compressor is high, so the power consumption of the compressor is high for high room
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Figure 9. Comparison of the condenser heat rejected for different water and room

From Figure 10, it is observed that the time taken for heating of water is less for a lower room
temperature of 22°C, when compared to higher room temperatures of 24°C, 26°C. This is due
to the reason that, a large amount of heat is rejected from the water cooled condenser for a

Figure
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Figure
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lower room temperature of 22°C, when compared to higher room temperatures. So the rate of

From the Figure 11, it is seen that the heat transfer in the water tank is maximum for a room

heating of water occurs at a faster rate for a lower room temperature than for higher room

temperature of 22°C than for room temperatures of 24°C and 26°C. This is due to the reason

temperatures. The water temperature increases with the increase in time. It is seen that with

4. Conclusion

the increase in room temperature the rate of heating of water decreases due to the decrease in
the heat rejected from the water cooled condenser.

Figure
10. Comparison
of the time taken of
for heating
watertaken
for different
and water
Figure
10. Comparison
the time
for room
heating
water

for different room and temperatures.
water temperatures.

a lower room temperature of 22°C, when compared to
higher room temperatures. So the rate of heating of water
occurs at a faster rate for a lower room temperature than
for higher room temperatures. The water temperature
increases with the increase in time. It is seen that with the
increase in room temperature the rate of heating of water
decreases due to the decrease in the heat rejected from the
water cooled condenser.
From the Figure 11, it is seen that the heat transfer in
the water tank is maximum for a room temperature of
22°C than for room temperatures of 24°C and 26°C. This
is due to the reason that the heat rejected from the conFigure 11. Comparison of the heat transfer in water tank for different room temperatures
denser is maximum for a room temperature of 22°C when
From the
Figure 11, it iswith
seen that
the heat
transfertemperatures.
in the water tank is maximum for a room
compared
other
room
temperature of 22°C than for room temperatures of 24°C and 26°C. This is due to the reason
The rate of heating of water occurs at a faster rate for
a lower room temperature than for higher room temperatures. The heat transfer in the water tank increases with
the increase in time. With the increase in room temperature the heat transfer in the water tank decreases due to
the decrease in the heat rejected from the condenser.
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During the experimental investigation on the
performance of the water heater using waste heat recovery from a 1.5 tonne air conditioning system, the results
showed that the water heater is capable of producing 88
litres of hot water in one hour of time with a temperature of 52°C. The COP of air conditioner with water
cooled condenser is more than the COP of air conditioner with air cooled condenser till the water in the
tank attains a temperature of 37°C. But after 37°C of
temperature of hot water, due to improper condensation
of refrigerant the COP of the system with water cooled
condenser decreases and becomes less than the COP
of air conditioner with air cooled condenser. The COP
of the system with water cooled condenser decreases
with the increase in temperature of the water in tank.
The power consumption of air conditioner with water
cooled condenser is less than that of the air conditioner
with air cooled condenser till the water in the tank
attains a temperature of 37°C. After 37°C of temperature
of hot water, the power consumption of air conditioner
with water cooled condenser increases than that of the
air conditioner with air cooled condenser. The rate in
which the water is heated is maximum for minimum
room temperature due to maximum heat rejection from
the condenser at that condition. This water heater could
also eliminate the need for a separate water heater and
there by a enormous energy can be saved. By using this
device, energy efficiency can be improved by cutting the
costs for heating water.

Indian Journal of Science and Technology

5

Experimental Investigations on the Performance of a Water Heater using Waste Heat from an Air Conditioning System

5. References
1. Wang S, Zhenyan L , Li Yuan , Zhao K , Wang Z. Experimental
study on split air conditioner with new hybrid equipment
of energy storage and water heater all year round. Energy
Conversion and Management. 2005; 46: 3047–59.
2. A-M HI. Design and performance of a thermosiphon heat
recovery system. Applied Thermal Engineering. 2006;
26: 491–7.
3. Di Liu A, Tang G-F, Zhao F-Y, Wang H-Q. Modeling and
experimental investigation of looped separate heat pipe as
waste heat recovery facility. Applied Thermal Engineering.
2006; 26 : 2433–41.
4. Huimin Jiang, Yiqiang Jiang, Yang Wang, Zuiliang Ma, Yang
Yao. An experimental study on a modified air conditioner
with a domestic hot water supply (ACDHWS) Energy. 2006;
31: 1789–803.
5. Mostafa A, E-B Abd, Mousa M, Mohamed. Heat pipe heat
exchanger for heat recovery in air conditioning. Applied
Thermal Engineering, 2007; 27: 795–801.
6. Techarungpaisan P, Theerakulpisut S, Priprem S.Modeling
of a split type air conditioner with integrated water heater.
Energy Conversion and Management. 2007; 48:1222–37.

6

Vol 8 (36) | December 2015 | www.indjst.org

7. Gong G, Zeng W, Wang L, Chih Wu. A new heat
recovery technique for air-conditioning/heat-pump system. Applied Thermal Engineering. 2008; 28: 236–70.
8. Chen Hua, Lee WL, Yik FWH. Applying water cooled air
conditioners in residential buildings in Hong Kong. Energy
Conversion and Management. 2008; 49: 1416–23.
9. Yi Xiaowen, Lee WL. The use of helical heat exchanger
for heat recovery domestic water-cooled air-conditioners.
Energy Conversion and Management. 2009; 50: 240–6.
10. Ming Liu Jiang, Jing Yi Wu, Yu Xiong Xu, Ru Zhu Wang.
Transient characteristics and performance analysis of a
vapor compression air conditioning system with condensing heat recovery. Energy and Buildings. 2010; 42:
2251–57.
11. Praitoon Chaiwongsa and Weerapun Duangthongsuk.
Hot Water Making Potential Using of a Conventional
Air-Conditioner as an Air-Water Heat Pump. Procedia
Engineering. 2010; 8: 165–70.
12. Wang Yu, You Yuwen, Zhang Zhigang. Experimental
Investigations on a Conventional Air conditioner Working
as Air-water Heat Pump. Procedia Engineering. 2011; 23:
493–97.

Indian Journal of Science and Technology

