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Abstract 

Air-Conditioning cum Water dispenser system is a unique combination of air-cycle and water-cycle into a 

single unit. The project is mainly developed to modify the multifunctional unit which can provide cold water 

and hot water by using regular air conditioning system. Here we are using the refrigerant as the medium which 

is used to absorb & removes heat from the space which is to be cooled and rejected heat is arrested by condenser 

and it is used to heat the water i.e. geyser. This system may consist of compressor, condenser, evaporator, 

expansion valve, solenoid valve, reversing valve, copper tubes, heating and cooling thermostats. Here we used 

a single compressor to compress air cycle and water cycle. 

 Keywords: Reversing valve, solenoid valve, heating and cooling thermostats. 

Introduction 

Due to the increase in temperature of the earth due to global warming, the use of air conditioners has drastically 

increased. Waste heat from air conditioners may be used to produce hot water. The benefits of doing this are 

twofold. One is elimination of the need to install an electric water heater, and the other is saving of electrical 

energy otherwise used in the electric water heater and water cooler. These may be accomplished while the 

usefulness of the air conditioner for cooling is maintained. At present, water heaters using waste heat from small 

split type air conditioners are commercially available in India and are generally mechanically made to the specific 

requirements of the users. Even though split type air conditioners with water heaters are successfully used, their 

performance and system design for application in India have not been fully investigated, especially when both 

cooling and heating effects are desirable. The need for the development of an integrated air conditioning cum 

water dispenser system at low cost was overcome by using a common compressor for both the systems. The use 

of common compressor eliminates the use of a separate electrical energy for the operation of water heaters and 

water coolers. A parallel connection can be bypassed from the compressor of a normal air conditioner in order to 

make the system suitable for all the three purposes i.e. water heating, water cooling and space conditioning. In 

such a system there are two cycles involved: air cycle and water cycle. In evaporator of air cycle, the air is cooled. 

In condenser of air cycle, the air is heated. In evaporating coil of water cycle, the water is cooled and in condensing 

coil of water cycle, the water is heated. An attractive point is that this air conditioner cum water dispenser system 

can produce hot & cold water as well as hot & cold air. 

Literature survey 

1. Vinay Vishwanath and Rohan Jikar [1],Water Dispenser System Using Air Conditioner . This 
project “Air conditioning cum water dispenser system” makes the study of the development of a 
water dispenser system using a normal air conditioner. The main aim behind developing this device 
is to develop a multifunctional unit which can provide hot water, cold water along with regular 
space/air conditioning cycle. Then calculations for determination of COP of air cycle, COP of water 
cycle, effectiveness of condenser and evaporator, heat transferred by evaporator and friction factor 
of capillary tube were carried out.  
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2. Dr. U. V.Kongrea , A. R. Chiddarwarb , P. C. Dhumatkarc , “The condenser consist of coils of pipe 
in which the high pressure & temperature vapour refrigerant is cooled & condensed. The refrigerant, 
while passing through the condenser, gives up its latent heat to the surrounding condensing medium 
which is normally air or water 2013. 

3. Raman Kumar Singh [3], DESIGN AND FABRICATION OF THREE IN ONE AIR 
CONDITIONING. The field of mechanical engineering has a theme word called ―CHANGEǁ as 
its backbone. The new technological advancements and the needs of people have made us think 
about this project. Our project is maiden venture into the field of air temperature controlling and also 
deals with human comfort. Human comfort conditions deal with the conditions of environment 
around you, viz. HOT & COLD. 

Air conditioning process 

The refrigerant cycle requires four components: The Compressor is used to raise the pressure of low-pressure low 
temperature gas to high-pressure high temperature gas. The Condenser is used to change the state of high-pressure, 
high temperature gas to high-pressure, high temperature LIQUID. This is achieved by passing ambient air (known 
as air-cooled) or water (known as water-cooled) over the condenser tubes. The Expansion Device, purpose of the 
device is to change the state of the refrigerant from high-pressure, high temperature liquid to low pressure low 
temperature saturated liquid. This is achieved by passing the liquid through an orifice. The Evaporator is used to 
absorb the heat from room air or water, which in the case of a chillers is circulated around the evaporator coil? 
This will change the state of low-pressure, low temperature saturated liquid to low pressure, low/medium 
temperature gas. 

  

 

  Fig: Refrigerant cycle 

SYSTEM DESIGN- INTRODUCTION 

 Air-Conditioning cum Water dispenser system is an unique combination of air-cycle and water-cycle into a single 

unit. “Air-conditioning” is the simultaneous control of temperature, humidity, motion and purity of the atmosphere 

in confined space. 

“Water-dispenser system” is sequential process of controlling the temperature, motion and purity of water which 

is being circulated in the closed system. Thus in an “Air-conditioning cum Water-dispenser system” controlled, 

cleaned, purified, filtered air and water is obtained with better efficiency.  

COMPONENTS OF AIR-CONDITIONING CUM WATER DISPENSER SYSTEM 

The basic elements of an air-conditioning system are  

i. Fans – for moving air 

ii. Filters – for cleaning air, either fresh, re-circulated or both. 

iii. Condenser – for exchanging heat with the surrounding atmosphere and provides hot air  

iv. Compressor–for compressing the refrigerant at high pressure and temperature 

v. Evaporator–for exchanging heat with the atmosphere and provides cold air 

vi. Control system– for automatic regulation of amount of heating and cooling 
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Fig: Compressor 

It is the machine which is used to compress the vapors refrigerant from the evaporator and to raise its pressure so 

that the corresponding saturation temperature is higher than that of the cooling medium. It also continually 

circulates the refrigerant through the refrigeration system. Since the refrigeration of the system requires some 

work to be done on it, therefore must be driven by some prime mover. 

 

Fig: Condenser 

It removes the heat of the hot vapors refrigerant discharged from the compressor. The heat from the hot vapor 

refrigerant in a condenser is removed first by transferring it to the walls of the condenser tubes and then from the 

tubes to the condensing and cooling medium. The cooling medium may be air or water or a combination of these 

two. 

 

Fig: Expansion Valve 

It is also called metering device or throttling device. It divides the high pressure side and the low pressure side of 

the system and maintains the desired pressure between them. It controls the flow of the refrigerant according to 

the land on the evaporator. It reduces the high pressure liquid refrigerant to low pressure liquid before being fed 

to evaporator. 

 

Fig: Evaporator 

Evaporator absorbs heat from the surrounding location or medium which is to be cooled by means of the 

refrigerant. The refrigerant enters the evaporator where it boils and changes into vapor. The temperature in the 

evaporator must always be less than that of the surrounding medium so that heat flows to the refrigerant. 
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                        Fig: Water tank   Fig: Outdoor unit  Fig: Motor 

 

Fig: Water cooler cum air conditioner Fig : Working Cycle of Air Conditioning cum Water Dispenser 

System 

WORKING OF AIR-CONDITIONING CUM WATER DISPENSER SYSTEM 

i. Working of air-conditioning cum water dispenser system is similar to that of the air-conditioning 

system with an additional water cycle associated with it.  

ii. Initially refrigerant of 1.75 kg is inserted into the compressor pin valve. 

iii. Copper coils of 40turns are made and inserted in the drum that acts as an condenser for the water 

cycle and copper coils of 20 turns are made for the evaporator in order to get maximum efficiency. 

iv. The condenser and evaporator of the water cycle are connected to the outlet and the inlet of the 

compressor. 

v. A filter is placed between condenser and capillary tube in order to prevent clogging of impurities in 

the setup.  

vi. Capillary tubes are used in order to enable expansion under constant enthalpy process  

vii. Valves are here used in order to regulate and control the air and water cycles independently 

viii. When the system is started the refrigerant flows to both air cycle and the water cycle  

ix. The compressed refrigerant flows through the condenser coils where condensation of the refrigerant 

occurs causing heating of the water in the hot water chamber and then it is passed through the 

expansion valve leading to a drop of temperature of the refrigerant and then it is passed to the 

evaporator in the form of liquid at a very low temperature where heat exchange occurs between 

water at room temperature and the refrigerant leading to cooling of the water and heating of the 

refrigerant thus cold water is obtained from cold water chamber. 

x. The refrigerant from the evaporator enters the compressor and thus the cycle continues.  

xi. Temperatures at the inlet and outlet of the condenser, inlet outlet temperatures of evaporator, 

pressures at the inlet and outlet of compressor is noted down and calculations related to COP , mass-

flow rates, efficiencies are determined.Finally a combined system of air cycle and water cycle is 

obtained with increased efficiency is thus obtained 
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RESULTS & ANALYSIS 

 Fluids  
Pressure 
(Pa) 

Temperature 
(K) 

Heat 
transfer 
coefficient 
(W/m2k) 

Mass flow rate 
(Kg/sec) 

Total heat 
transfer rate 
(w) 

Compressor 
R32 6.89e+02 2.99e+02 1.15e+09 0.022620928 471779.14 

R404a 6.69e+02 3.00e+02 6.01e+08 0.026331158 7631.5424 

Condenser 
R32 5.1e+05 2.63e+02 2.77e+08 0.0029004112 161.7938 

R404a 4.91e+05 2.63e+02 1.45e+05 0.0068340381 300.75099 

Expansion 
valve 

R32 4. 69e+05 2.25e+02 4.25e+08 0.16129555 113777.25 

R404a 4.66e+05 2.33e+02 2.22e+08 0.47789696 115296.44 

Evaporator 
R32 4.84e+05 2.43e+02 2.75e+08 0.064373015 7329.6955 

R404a 4.94e+05 2.60e+02 1.44e+08 0.071484177 5979.2149 

THEORETICAL CALCULATIONS 

WATER CYCLE 

DESIGN OF CONDENSER: The refrigerant flows from the compressor in a chamber consisting of 24 turns 

which acts as a condenser. The chamber acts as Shell and tube heat exchanger wherein the condensation of the 

refrigerant takes place. The calculations are done taking the hot chamber as a heat exchanger.  

Heat transferred by condenser: Q = K x πd x (Thi-Tho)  

where, Q= heat transferred by condenser in W  

K= Thermal conductivity of copper = 386W/m2k 

 D = Diameter of tube= 36.36m = 0.03636m 

Refrigerant R32 

Thi= Condenser inlet temperature = 299K 

 Tho= Condenser outlet temperature = 263K 

Q= 386 x π x 0.03636x (299-263) 

Q = 1586.4W 

Refrigerant R404A 

Thi= Condenser inlet temperature = 300K 

 Tho= Condenser outlet temperature = 263K 

Q= 386 x π x 0.03636x (300-263) 

Q = 1630.553W 

 

Mass flow rate of refrigerant: Q= m x Cp x (Thi-Tho)  

where, Q= heat transferred by condenser in W  

m= mass flow rate in Kg/sec  

Refrigerant R32 

Cp= Specific heat at constant pressure = 1587J/Kg K  

Thi= Condenser inlet temperature = 300K 

 Tho= Condenser outlet temperature = 263K 

m = 
�

�� (�������)
 = 

����.�

���� (�������)
 = 0.027Kg/s 

Refrigerant 404A 
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Cp= Specific heat at constant pressure = 1252J/Kg K  

Thi= Condenser inlet temperature = 300K 

 Tho= Condenser outlet temperature = 263K 

m = 
�

�� (�������)
 = 

����

����.��� (�������)
 = 0.035Kg/s 

Logarithmic mean temperature difference (LMTD):  

LMTD= ((Thi-Tsat)-(Tsat-Tho))/ln((Thi-Tsat)/(Tsat-Thi))  

Refrigerant R32 

Thi= Condenser inlet temperature = 299K  

Tho= Condenser outlet temperature in = 263K  

Tsat = Saturation temperature = 298K  

LMTD= ((299-298)-(298-263))/ln((299-298/298-263)) 

LMTD = 9.56K 

Refrigerant R404A 

Thi= Condenser inlet temperature = 300K  

Tho= Condenser outlet temperature in = 263K  

Tsat = Saturation temperature = 294.261K  

LMTD= ((300-294.261)-(294.261-263))/ln((300-294.261/294.261-263)) 

LMTD = 15.06K 

Effectiveness of condenser (ε): ε= ((m x cp x (Thi-Tho))/(m x cp x (Thw-Thi))  

m= mass flow rate of refrigerant in kg/sec  

Refrigerant R32 

Thi= Condenser inlet temperature = 299K  

Tho= Condenser outlet temperature = 263K  

Tw = Temperature of water = 340K  

ε= 
�������

�������
 = 0.87 = 87% 

Refrigerant R404A 

Thi= Condenser inlet temperature = 300K  

Tho= Condenser outlet temperature = 263K  

Tw = Temperature of water = 340K  

 

ε= 
�������

�������
 = 0.925 = 92.5% 

 

DESIGN OF EVAPORATOR 

The refrigerant now passes through a receiver drier and then goes into the cold chamber which acts as an 

evaporator. This chamber also acts as a Shell and tube heat exchanger and the calculations are done taking this 

consideration. In the evaporator, the refrigerant changes its state from liquid to gaseous form and the heat transfer 

takes place through conduction to the water.  

Heat transferred by evaporator: Q = K x πd x (Tco-Tci)  

Where, Q= heat transferred by condenser in W  

K= Thermal conductivity of copper = 386W/m2k 

d= Diameter of tube= 31.76mm = 0.03176  

Refrigerant R 32 

Tci= Evaporator inlet temperature = 215K  

Tco= Evaporator outlet temperature = 225K  

Q= 386 x π x 0.03176x (225-215) = 384.94W 

Refrigerant R 404A 

Tci= Evaporator inlet temperature = 219K  

Tco= Evaporator outlet temperature = 233K  

Q= 386 x π x 0.03176x (233-219) = 538.92W 

Mass flow rate of refrigerant: Q= m x Cp x (Thi-Tho)  

Refrigerant R 32 
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Q= heat transferred by evaporator =  384.94W 

m= mass flow rate in Kg/sec  

Cp= Specific heat at constant pressure = 1587J/KgK  

Tci= Evaporator inlet temperature = 215K  

Tco= Evaporator outlet temperature = 225K 

m= 384.94/ (1587 x (225-215)) 

m = 0.024Kg/s 

Refrigerant R 404A 

Q= heat transferred by evaporator =  538.92W 

m= mass flow rate in Kg/sec  

Cp= Specific heat at constant pressure = 1252J/KgK  

Tci= Evaporator inlet temperature = 233K  

Tco= Evaporator outlet temperature = 219K 

m= 538.92/ (1252 x (233-219)) 

m = 0.0307Kg/s 

Logarithmic mean temperature difference (LMTD) 

 

LMTD= ((Tci-Tsat)-(Tco-Tsat))/ln((Tci-Tsat)/(Tco-Tsat))  

Refrigerant R32 

Tci= Evaporator inlet temperature = 215K  

Tco= Evaporator outlet temperature = 225K  

Tsat = Saturation temperature = 298K  

LMTD= ((215-298)-(225-298))/ln((215-298/225-298)) 

LMTD = -78.125K 

Refrigerant R404A 

Tci= Evaporator inlet temperature = 219K  

Tco= Evaporator outlet temperature = 233K  

Tsat = Saturation temperature = 294.261K  

LMTD= ((219-294.261)-(233-294.261))/ln((219-294.261/233-294.261)) 

LMTD = -68.29K 

 

Effectiveness of evaporator (ε): ε= ((m x cp x (Tci-Tco))/(m x cp x (Tci-Tw))  

ε= (Tci-Tco)/(Tci-Tw)  

Refrigerant R32 

Tci= Evaporator inlet temperature = 215K  

Tco= Evaporator outlet temperature = 225K  

Tw = Temperature of water = 340K  

ε = (215-225)/(215-340) = 0.08 = 8% 

Refrigerant R404A 

Tci= Evaporator inlet temperature = 219K  

Tco= Evaporator outlet temperature = 233K  

Tw = Temperature of water = 340K  

ε = (219-233)/(219-340) = 0.115 = 11.5% 

 

THEORETICAL C.O.P 

 

The theoretical C.O.P is the coefficient of performance which is calculated from the pyscometric chart and the 

respective temperatures and pressures.  

C.O.P = (h3-h1)/(h2-h1)  

Where h1 = Enthalpy at inlet of compressor in KJ/Kg  

h2 = Enthalpy at outlet of compressor in KJ/Kg  

h3 = Enthalpy at saturation temperature in KJ/Kg  
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Refrigerant R32 

Temperature at compressor inlet = 247K = -260C 

Temperature at compressor outlet = 299K = 260C 

Saturation Temperature = 298K = 250C 

h1 = Enthalpy at inlet of compressor = 156.01 KJ/Kg  

h2 = Enthalpy at outlet of compressor = 247.53 KJ/Kg  

h3 = Enthalpy at saturation temperature = 243.69 KJ/Kg  

C.O.P = (h3-h1)/(h2-h1)  

COP = 243.69-156.01 / 247.53-156.01 

C.O.P = 0.958 

Refrigerant R404A 

Temperature at compressor inlet = 272.5K = -0.50C 

Temperature at compressor outlet = 300K = 270C 

Saturation Temperature = 294.261K = 21.110C 

h1 = Enthalpy at inlet of compressor = 28.516 KJ/Kg  

h2 = Enthalpy at outlet of compressor = 47.148 KJ/Kg  

h3 = Enthalpy at saturation temperature = 43.356 KJ/Kg  

C.O.P = (h3-h1)/(h2-h1)  

COP = 43.356-28.516 / 47.148-28.516 

C.O.P = 0.796 

 

ACTUAL C.O.P : The actual C.O.P is defined as the ratio of refrigeration effect to the compressor work. This 

C.O.P is the actual coefficient of performance which corresponds to the experimental value.  

C.O.P = Refrigeration Effect / Compressor Work 

 Refrigeration Effect: For 1 ton A/C, refrigeration effect = 3.5 KW  

For 1.5 ton A/C, refrigeration effect = 3.5 x 1.5= 5.25 KW  

Compressor work: I = current input to compressor = 20A  

V = Voltage across the compressor = 240v  

Compressor work = V x I = 20 x 240 = 4800W = 4.8KW  

C.O.P = 5.25/4.8  

C.O.P = 1.1 

 

CALCULATIONS FOR AIR CYCLE 

Theoretical C.O.P: This C.O.P is the coefficient of performance that is calculated for the air cycle  

C.O.P = (h1-h4)/(h2-h1)  

Refrigerant R32 

Temperature at compressor inlet = 247K = -260C 

Temperature at compressor outlet = 299K = 260C 

Temperature at evaporator outlet = 225K = -480C 

h1 = Enthalpy at inlet of compressor = 156.01 KJ/Kg  

h2 = Enthalpy at outlet of compressor = 247.53 KJ/Kg  

h4 = Enthalpy at outlet of evaporator temperature = 120.4 KJ/Kg  

C.O.P = (h1-h4)/(h2-h1)  

COP = 156.01-120.4 / 247.53-156.01 

C.O.P = 0.389 

Refrigerant R404A 

Temperature at compressor inlet = 272.5K = -0.50C 

Temperature at compressor outlet = 300K = 270C 

Temperature at evaporator outlet = 233K = -400C 

h1 = Enthalpy at inlet of compressor = 28.516 KJ/Kg  

h2 = Enthalpy at outlet of compressor = 47.148 KJ/Kg  
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h4= Enthalpy at saturation temperature = 0 KJ/Kg  

C.O.P = (h1-h4)/(h2-h1)  

COP = 28.516-0 / 47.148-28.516 

C.O.P = 1.53 

Actual C.O.P : C.O.P = Refrigeration effect/energy input  

Refrigeration effect produced by 1.5 ton A/C:  

1 ton of refrigeration = (2000lb/day) (144BTU/lb)/(24h/day) (60min/h) =300BTU/min  

Where 2000lb/day - 1ton of ice  

144BTU/lb - Enthalpy of solidification at 320 F  

So for 1.5 ton, it is 300BTU/min 

In S.I units 1ton= 210KJ/min  

1.5 ton=210*1.5=315KJ/min.  

Energy input for 1.5ton A/C = 1.5KW = 1500Watts  

C.O.P = Refrigeration effect/energy input  

C.O.P = (315*1000/60)/(1500)  

C.O.P = 3.5 

Comparison Table of R32 & R404A 

 Condenser Evaporator 

 R32 R404A R32 R404A 

Heat Transferred 
Q (W) 

1586.4 1630.553 384.94 538.92 

Mass Flow Rate m 
(Kg/s) 

0.027 0.035 0.024 0.0307 

LMTD (K) 9.56 15.06 -78.125 -68.29 

Effectiveness  87% 92.5% 8% 11.5% 

Comparison Table of R32 & R404A for Theoretical COP 

 R32 R404A R32 R404A 
Theoretical COP 0.958 0.796 0.389 1.53 

Conclusion 

By using a water cooler and air cooler as a room cooler you can save 80% of the energy consumed by a 

2 ton wall AC. Besides, this experiment can be used in cooling rooms, offices and halls and also cools 

water becomes a universally accepted option in India too. Depending on specific situations, this run 

parallel to, compete with or even replace air conditioning system. When that happen the cost of water 

cooling and air conditioning devices will come down dramatically. On the basis of this experiment I have 

found that a water cooler that cools ten litres of water down to 8C in an hour can be an ideal room cooler 

to bring the temperature of room air by 18C for a room of about 12 sq. feet. 

Future scope 

1. Elimination of the need to install an electric water heater, and the other is saving of electrical energy 

otherwise used in the electric water heater and water cooler. 

2. In summer seasons we can cut-off the hot water lane 

3. In winter season we can cut-off the cool water lane 

4. Hot gas lane can be used for other external purpose 

5. The working of air conditioner can be modified in any seasons 
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6. By decreasing the copper tubes we can increase the Efficiency 
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