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ABSTRACT 
 
This paper presents the experimental performance study to 
observe the effect of changes in the cooling load of the combined 
air conditioning and water heating system with trombone coil 
type as dummy condenser using heat wasted from split type air 
conditioner.  Effects of the following parameters to the system 
performance were examined: compressor power test chamber, test 
chamber temperature, condenser temperature, hot water 
temperature and Coefficient of Performance (COP).  The results 
showed that the bigger the cooling load is given in the test 
chamber, the bigger the heat absorbed in the evaporator, so the 
higher the temperature of the hot water in a tank. COP increased 
with increasing of cooling loads. It was concluded that by 
combined air conditioning and water heating system so that space 
cooling and water heating can take place simultaneously, and the 
energy performance can be raised considerably. 
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NOMENCLATURE 
COP Coefficient of Performance 
P Pressure 
T Temperature 
COP Coefficient of Performance 
COPR COP Refrigeration 
COPR+HP COP Refrigeration and Heat Pump 
1.0 INTRODUCTION 

 
The need of hot water is usually obtained from the electricity and 
gas that requires considerable energy, with energy recovery of 
waste heat from condenser in the air conditioning will be saving 
considerable energy. In thermodynamics terms of balance of 
energy, the waste energy from the condenser are combination of 
compressor energy and cooling effect energy  in the evaporator, 
which means that energy wasted in the condenser is big enough, 
so that the potential of energy savings from condenser also big.  

The electrical energy saving for water heating purposes 
by use the waste heat energy from the condenser also 
indirectly will save the use of fuel oil. The efficient uses of fuel as 
an energy source for the generation of electrical energy will have 
a positive impact on the environment, so that the recovery of 
energy from waste heat condenser using condenser 
dummy will give positive impact to the environment. The use of 
AC with the addition of a dummy condenser for water 
heating will save the cost of using electrical energy or 
gas  because the cost of water heating from the condenser dummy 
obtained free of charge without increasing the cost of the use of 
AC. With the use of a dummy condenser at the AC will get two 
benefits at once that the rooms were comfortable and the hot 
water for various purposes. 

Air conditioning water heater operates on an electrically 
driven vapor-compression cycle and pumps energy from the air in 
its surroundings to water in a storage tank, thus raising the 
temperature of the water. Air conditioning water heater are a 
promising technology in both residential and commercial 
applications due to both improved efficiency and air conditioning 
benefits. The super-heated refrigerant from compressor discharge 
of the air-conditioning system passes through a dummy condenser 
as trombone coil heat exchanger thereby transferring its heat to 
the cold inlet water within water heater tank. From this heat 
recovery technology, free hot water is produced in cooling 
operation, will achieve the highest COP. The temperature of the 
refrigerant is reduced, resulting in the two benefit of water 
heating and  cooling. for higher air conditioning energy efficient.  
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Many researcher have been performed on heat pump water 
heaters (HPWHs), including structure, thermodynamics, working 
fluids, operation controlling, numerical simulation and 
economical analysis (Jie Ji et al. 2003, Fei Liu et al. 2008, M. M. 
Rahman et al. .2007, M. Joseph Stalin et al. 2012, Jie Ji et al. 
2005,  U. V. Kongre et al. 2013, Arif Hepbasli, 2009). Sreejith K, 
2013 was investigated experimentally the effect of different types 
of compressor oil in a domestic refrigerator having water cooled 
condenser and the recovered heat from the condenser can be used 
for bathing, cleaning, laundry, dish washing etc. Yi Xiaowen and 
W.L. Lee, 2008 have been reported an experimental study on the 
performance of a domestic Water-cooled Air conditioner (WAC) 
using tube-in-tube helical heat Exchanger for preheating of 
domestic hot water. Mehmet Yilmaz, 2003 has been presented the 
performance analysis of an air-to-water vapor compression heat 
pump system using pure refrigerants and zeotropic refrigerant 
mixtures. 

Main objectives of this study were to investigate 
experimentally the combined air conditioning and water heating 
system using R22 as working fluid. Effects of the following 
parameters to the system performance were examined: 
compressor power test chamber, test chamber temperature, 
condenser temperature, hot water temperature  and Coefficient of 
Performance (COP). 
 
2.0 EXPERIMENTS 
 
2.1 Experimental Apparatus 
In this study, performance investigation is conducted using the 
similar experimental apparatus as described in Azridjal et al, 2014. 
As seen in Figure 1, the apparatus has the air conditioning system 
with a nominal capacity 2.6 kW. and water cooled dummy 
condenser with trombone coil type heat exchanger (Figure 2). 
Since Azridjal et al. 2014 contains all the details of the test 
apparatus, measurements, test procedures, data verification etc., 
an interested reader is referred to Azridjal et al. 2014. In this 
paper test procedure will be described. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Schematic of Air Conditioning Water Heater 
 (Sonntag, 2009, Azridjal et al.2014). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2: Condenser dummy trombone coil type 

 
The schematic diagram of air conditioning water heater 

system is shown in Figure 1. The system can offer the following 
two operating modes. Mode 1 is only for space-cooling mode, 
this mode is like the common air-conditioning circles. Mode 2 
can act as space-cooling and water heating mode. The switching 
among two modes is by means of on-off controls of the control 
valves valve. In this study, air conditioning water heater was 
operated in mode 2. 

 
2.2 Test Procedure 

Test procedure is as follows:  
1. Ensure the apparatus is in good condition and there is no 

leakage of refrigerant. 
2. Ensure that all test equipment is mounted properly.  
3. The apparatus is turned on by connecting power cord to a 

electric current source and turn on the evaporator in a test 
chamber with set up temperature 16 oC.  

4. Data were taken every 5 minutes for 120 minutes. Data 
collection depends on the  parameters such as temperature, 
pressure, electric current, voltage in four condition: without 
load, and with load from electric bulb (1000 W, 2000 W 
and 3000 W) 

5. When data recording were finished, turn off the apparatus 
in the test room and unplug the power cord from the current 
source. 

  
 3.0 RESULT AND DISCUSSION 
 
Based on the design that has been done, the result of design the 
dummy condenser as heat exchanger is used type of trombone 
coil as shown in Figure 2. The trombone coil pipe was made of 
using a 3/8 inch diameter copper pipe, with 5 windings and 5,338 
meters length. Then, the dummy condenser is placed in the water 
tank, which has a volume of 50 L that will be used for water 
heating. This heater is installed after the compressor and before 
the condenser, as shown in Figure 1.  

Figure 3 shows the compressor power for two  hours 
operation of system in different cooling load using dummy 
condenser. The testing of air conditioning water heater in mode 2, 
when the cooling load increase in the test room, the compressor 
power will increase too. This is because the heat that absorbed by 
the evaporator increase with increasing of cooling load and it will 
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cause compression power increase. It is affected by the heat 
which absorbed by the refrigerant in the evaporator increase, so 
compression power also increase.  Compressor power average at 
loads of 3000 watts is  0,74526 kW, while without loads is 
0,57635 kW, it appears that  compressor power increasing that 
tends to occur linearly. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3: Compressor power vs. time at different cooling loads 

using dummy condenser  
 
Figure 4 shows  the  distribution of water temperature in tank 

at different cooling load using dummy condenser.  The higher 
cooling load is given in test chamber, the higher temperature of 
the water produced. This is because due to the heat generated by  
the condenser higher when the cooling load in the test room 
increase. The bigger cooling load given in the test room, the 
bigger heat absorbed in the evaporator, so the greater heat 
rejected in the dummy condenser that will heat the water in the 
tank.  Where the highest water temperature at cooling loads 3000 
W is  64.33 0C, while without load is 61.54 0C. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Water temperature in a tank vs. time at different  

cooling loads using dummy condenser 
 
Figure 5 shows condenser temperature and test room 

temperature at different cooling loads . At different cooling loads 
during 120 minutes of testing, it appears that the temperature of 
the condenser and temperature of test room tend toward steady 
condition after 30 minutes of testing. Condenser temperature and 
the temperature of the test room tend to rise with the increasing 
amount of cooling load, this is because the heat from the cooling 
load will be absorbed in the evaporator increase, so that the 
bigger the heat is removed in the condenser. The average 
temperature of the condenser at without load condition, 1000 W 
loads, 2000 W loads and 3000 W loads respectively are 72.66 ° 
C, 70.07 ° C, 76.72 ° C and 78.12 ° C.  While the average 
temperature of the test room without load condition, 1000 W 
loads, 2000 W loads and 3000 W loads respectively are 20 ° C, 
18.03 ° C, 22.57 ° C and 26.09 ° C. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5: Condenser Temperature and test room temperature at 

different cooling loads 
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Figure 6: Coefficient of Performance Refrigeration (COPR) vs. 
time at different cooling load using dummy condenser 

 
Experimental results of  Coefficient of Performance 

Refrigeration (COPR) vs. time at different cooling load using 
dummy condenser is shown in Figure 6. As shown in Figure 6, 
the increase of cooling loads causes that the COPR increases. The 
average COPR of system without load condition, 1000 W loads, 
2000 W loads and 3000 W loads respectively are 5.31, 5.33, 5.48 
and 5.62.As seen in Figure 6, because compressor power 
increases with the rise of cooling load. Increasing the cooling load 
in the test room also will increase COPR because the cooling 
power to be supplied at the evaporator increase too. 

Coefficient Performance of Refrigeration and Heat Pump 
(COPR+HP) as air conditioning and water heater  at the different 
cooling load is shown in Figure 7. As the cooling load increases 
in the test room, COPR+HP also increasing, although in cooling 
load 2000 W some time a little higher than 3000 W. The 
performance of COPR+HP is bigger than  COPR because  the 
benefits of cooling and heating are used simultaneously. Dummy 
condenser plays an important role in achieving higher system 
performance. Coefficient of Performance is higher for the 
combined system as air conditioning and water heater with 
dummy condenser. The use of dummy condenser as trombone 
heat exchanger affects the COP and the value of the optimum 
work compressor as shown in Figure 3.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7: Coefficient of Performance Refrigeration and Heat 
Pump (COPR+HP) vs. time at different cooling load using 

 dummy condenser 
 
 
4.0 CONCLUSION 
 
The experimental performance study to observe the effect of 
changes in the cooling load of the combined air conditioning  and 
water heating system using heat wasted from split type air 
conditioner are presented. The results indicate that the higher the 
cooling load is given in the test chamber, the greater the heat 
absorbed in the evaporator, so the higher the temperature of the 
hot water produced in the hot water tank. When the cooling load 
increase the COPR and COPR+HP also increasing too as the 
benefits of cooling and heating are used simultaneously. It was 

concluded that by combined air conditioning and water heating 
system  so that space cooling and water heating can take place 
simultaneously, the energy performance can be raised 
considerably. 
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