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Abstract

The paper presents actual knowledge concerning the indirect evaporative cooling (IEC). This cooling technology is promising to
develop in the near future due to its very low energy consumption and high efficiency in its range of applications. The review is
presenting in details: theory, working principles, flow and construction. The IEC equipment and technology is suitable in
different air conditioning applications: commercial, industrial, residential or data centres. The IEC technology is completely
environmental friendly and has very low global warming impact. The single disadvantage of IEC is the water consumption.
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1. Introduction

The evaporative cooling (EC) technology is based on heat and mass transfer between air and cooling water.
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.

Both DEC and IEC are characterised by very high energy efficiency but also by significant water consumption rates.
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In the case of IEC technology, on the dry side of the heat transfer surface (dry surface), is flowing the primary (or
product) air that is cooling down. On the wet side of the heat transfer surface (wet surface), is flowing the secondary
(or working) air in mixture with water.

The goal of this study is to present from both qualitative and quantitative point of view, the available scientific
information concerning different aspects related to the IEC: construction principles, flow schemes and working processes.

2. Theory
2.1. Direct evaporative cooling (DEC)

The working principle scheme of the DEC equipment and a simplified flow scheme are presented in figure 1. The
warm inlet air (1) enters in a pad which is sprayed with water at the wet bulb (WB) temperature of the inlet air. The
heat transfer is realised from the warm air to the cold water. The heat is transferred by the air stream as sensible heat
and is absorbed by the water as latent heat. Corresponding to the value of latent heat, a part of the water is
evaporated being embedded by diffusion into the flowing air, increasing the moisture content of this air. The
temperature of the outlet air (2) decreases due to the sensible heat transferred by the air, but the enthalpy of the
outlet air will be the same with the enthalpy of inlet air as effect of the latent heat recovered into the air as moisture.

The working process of the DEC equipment is presented in the psychrometric chart in figure 2.
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Fig. 1. Working principle scheme and simplified flow scheme of the DEC Fig. 2. The working process of the DEC

The working process (1-2) is realized at constant enthalpy as it can be observed on the chart. At limit, the cooling
process could continue until the state of saturation (2").

The main advantage of DEC is represented by the very simple construction of the equipment. The main
disadvantage of the DEC is represented by the increasing of the air moisture content which may be undesirable for
certain applications.

2.2. Indirect evaporative cooling (IEC)

The working principle scheme of the IEC equipment [2], [3], [7], [11], [12], [15], [17], [18], [22], [24], [26], [30-
33] is presented in the left side of figure 3. The warm primary (or product) air (1) is flowing inside the dry channels
and transfers heat through the heat surface to the wet channels. At outlet, the primary (or product) air (2) will have a
lower temperature as at inlet, due to the transferred heat. The secondary (working) air (3) is flowing inside the wet
channels together with the water. The behaviour of the air and water in the wet channel is similar with the DEC
process. The water temperature is the WB temperature of the secondary air. The heat transferred through the surface
between the dry and wet channels is absorbed by the water as latent heat and a corresponding part of the water is
evaporated being embedded by diffusion into the secondary air, increasing the moisture content of this air.

If the secondary air arrives at the saturation state, after this stage forward the heat from the primary air is split as
latent heat absorbed by the water and as sensible heat absorbed by the secondary air. Thus, the temperature of the
secondary air at the outlet (4) can be one of the following:

a. Lower than the WB temperature of the secondary air at the inlet (no saturation);

b. Equal with the WB temperature of the secondary air at the inlet (saturation is reached at the outlet);
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