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Abstract— This paper investigates the cooling capability of 

the different types of heat exchangers under the variable 

working conditions. The usage of air conditioners and heaters 

in the buildings and working spaces should control the 

sensible heat to made comfort condition on indoor. The 

cooling capability is based on the refrigerant temperature 

after which condensation happens in the circuit.in 

conventional mechanical vapor compressions system for air 

conditioner cooled below its dew point temperature and 

heated again by the heating coil to maintain the control 

conditions. Whereas in the evaporative cooling system in the 

condenser makes them cooled the incoming refrigerant of the 

condenser to make them cool in the better manner. Due to the 

usage of evaporative cooling the air-conditioner, power 

consumption reduction is achievable in this manner of 

cooling. Pressure drop, dry bulb and wet bulb temperature 

makes an important role in the design of the evaporative 

cooling unit. The predicted result for the implementation of 

the evaporative cooling system in the condenser makes them 

reduces the power consumption of about 50% and cooling 

effect will increases in the considerable manner.  
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I. INTRODUCTION 

The condenser can be classified based on the type of the 

cooling medium into three types named water cooled, air 

cooled, and combination of both types known as the 

evaporative condenser. Evaporative cooling is a well-known, 

environmentally friendly technology with many useful 

applications. Evaporative cooler (EC) is a device that cools 

air by water evaporation. The EC is regarded as promising for 

its high efficient, low energy consumption, pollution-free and 

easy maintenance features. Evaporative cooling system needs 

less input energy than the mechanical vapor compression 

systems. Due to lower energy consumption in the evaporative 

cooling it is the subject of numerous researches. Evaporative 

cooling can be classified into three basic types; Direct 

Evaporative Cooling, Indirect Evaporative Cooling and 

Semi-Indirect Evaporative Cooling (SIEC). Direct 

evaporative cooling (DEC) is based on mechanical and 

thermal contact between air and water, while indirect 

evaporative cooling (IEC) is based on heat and mass transfer 

between two streams of air, separated by a heat transfer 

surface with a dry side where only air is cooling and a wet 

side where both air and water are cooling In the DEC, air 

contacts the water directly through the moist pad and so this 

type of cooling is the simplest type of the evaporative cooling. 

The pads of the DEC are kept moist by the sprayed water and 

the driven-gravity water is recirculated from the water sump 

by the water pump. Minimum temperature in the DEC is 

limited by the wet-bulb temperature of the ambient air. The 

procedure of evaporative cooling has been used to improve 

human, plant and animals comfort conditions for the long 

time in the thermal environmental control applications. 

Energy consumption and usage is the major criteria for the 

economic development of the country. The increasing the 

demand on the energy and the way of research on the 

conservation of energy and improvement on the topic of 

energy conservation plays a key role in the field of energy 

engineering[1-3]. Bruno [5] experimentally investigated a 

counter-flow indirect evaporative cooler in the commercial 

and residential uses for the large range of outdoor conditions. 

He showed that the wet-bulb effectiveness ranged from 93-

106% for the commercial applications whereas is in the range 

of 118-129% for the residential applications. The plate type 

heat exchanger gives the highest heat flow over the fluids in 

both the counter and parallel flow directions at different flow 

rates starting from 100 liter per hour to the 300 liter per hour 

[5]. The temperature distribution over the tube type or 

radiator type heat exchanger with the intercooler gives the 

better cooling of working fluid in form of forced convection 

of blower flow rate at 100 CFM to  300 CFM. This will 

reduces the temperature of up to 52 Fahrenheit temperature 

scale and 14% increase in heat transfer rate [6]. The 

performance of the any heat exchanger or condenser can also 

be increased by the manner of altering the properties of the 

working fluids by addition of additives like Nano powders to 

enhance the properties of the heat transfer [7]. 

II. HEAT EXCHANGER USED IN COOLING UNIT 

Condenser is a method of cooling system used to rejects the 

heat to the atmosphere from the working fluid. Condensers 

used in conventional small and medium-sized refrigeration 

cooling systems (upto 20TR) are mainly; air- cooled [8–10], 

and it represent the first type. The air-cooled condensers 

depend on the heat transfer between the condenser coils and 

the ambient air flow. Their energy performances are governed 

by the thermodynamic properties and heat transfer with air. 

Therefore, the thermodynamic performances of the cooling 

systems coupled with an air-cooled condenser will depend on 

climatic conditions, however, air-cooled condensers are the 

most widespread category and are simple, as it does not need 

water system, but only need a high-airflow rate to improve its 

performance and thus sometimes results in noise problem. On 

the other hand, the power requirement for a system with an 

air-cooled condenser is greater than that required for other 

types of condensers. This can be attributed to the fact that the 

air-cooled condenser requires condensing temperatures of 

about15–20 °C above the temperature of the ambient air [11]. 

Water-cooled condensers are the second type of condensers, 

where heat is rejected to the surrounding cooling water, 

which in turn rejects heat to the hot air through a cooling 

tower [12–14]. This type of condensers are more compact and 

have a higher heat transfer coefficient than air-cooled 
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condensers, but it higher initial costs and needs water [15–

18]. 

 
Fig. 1: Schematic of a typical evaporative condenser 

Although the evaporative and water-cooled 

condensers consume about the same amount of water per unit 

refrigeration, yet the evaporative condenser contains much 

less water than a water- cooled condenser cooling-tower 

combination. This is because the whole part of the water 

circulation system of the evaporative condenser is contained 

within the condenser casing. Moreover, initial cost of the 

evaporative condenser is lower than that of the water-cooled 

condenser due to the reduced space and number of the 

components. Although water and air-cooled Condensers are 

relatively simple to model accurately, evaporative condenser 

presently having some Difficulties because of water 

evaporation into the air stream involved. 

III. EXPERIMENTAL ORIENTATIONS 

A. Cross flow Heat Exchanger setup 

A prototype of finned and non-finned type cross floe heat 

exchanger with multi inlet and multi outlet was designed and 

developed to investigate the cooling process in the condenser, 

especially its temperature distribution and cooling potential. 

Two types of air channels stacked vertically, layer by layer. 

Each dry channel layer contains six air channels in a row, and 

each wet channel layer has eighteen air channels in a column. 

ASHRAE standard [19] recommends an indoor thermal 

comfort zone of 20.0 °C–28.0 °C for different clothing and 

air speeds, with the air humidity level below 12.0 g/kg. The 

room conditions 

For hot and humid climate are normally maintained 

at 20.0 °C–25.0 °C and 11.0 g/kg-14.0 g/kg to ensure the 

human comfort. 

 
Fig. 2: Combined schematic of a counter-flow evaporative 

fluid cooler and evaporative condenser 

IV. MATHEMATICAL MODEL 

 Based on the flow arrangement and the heat and mass 

transfer process for the designed evaporative cooling, a 

mathematical model is formulated. The energy and mass 

balance equations are expressed for the following control 

volume. i.e. dry channel air, wet channel air, channel plate 

and water film. Several assumptions are made and listed 

below 

1) The supply air and working air are evenly distributed into 

each channel or hole. 

2) The physical properties inside each control volume are 

assumed to be uniform. 

3) There is negligible heat transfer between the cooler and 

the environment. 

4) The wet channel surface is fully covered by a layer of 

water film, and the water surface is saturated. 

The cooling capacity of the cooler is calculated from 

the enthalpy difference between the supply and product air. 

 
As the absolute humidity of the supply air is constant 

along the dry channel, the enthalpy difference is proportional 

to the temperature reduction, written as 

QaVpcp ( ts tp ) 

The energy efficiency of the cooling system, also 

known as COP, is defined as the ratio of the cooling capacity 

to its power consumption 

COP=Q/P 

V. CONCLUSION SUMMARY 

There is a very immediate and essential need to developed 

effective and cost oriented technologies to increase the 

cooling system effectiveness. Evaporative cooled method is 

one of the immediate available solutions for the efficient use 

of millions of residential as well as commercial uses in the 

world. It was also found that by using evaporative condenser 

instead of air-cooled condenser, the power consumption can 

be reduced up to 58% and the COP can be improved by about 

113.4%. Finally, this paper aims to promote wider application 

of evaporative-condensers in different cooling systems. 
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