Evaporative cooling systems

0O1/How does an evaporative air cooler works?
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Working Principle Diagram of Evaporative Air Coolers

An evaporative air cooler works on the principle of evaporation of water. When water and
hot air come into contact, the water evaporates. Each EVAPOLER cooler contains large
cooling pads. A special water distribution system uniformly spreads water over the surface
of the pad, to keep the entire air contact surface thoroughly wetted. As the hot air passes
through the wet pads the water absorbs some of the heat as it evaporates. The beautifully
cooled fresh air is then delivered into the building.
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02/ What are the difference between evaporative cooling system and A/C system?

1- Less energy consumption It only has two major components which need powering; a
water pump and a fan. A water pump is needed to keep the pads wet and fan moves the
cold air to space. LBl 81 i)

2-There is no need to shut doors and windows because the process is natural cooling.
When doors & windows are left open, it works more efficiently.
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3-Evaporative system has less cost than that for A/C system that will cool the same sized
area.
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4-Evaporative air cooler require very little space for installation
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5-Evaporative air cooler contain no harmful refrigerants for environment. Many of the
gases used in refrigerated air conditioning are potent greenhouse gases like
hydrofluorocarbons or chlorofluorocarbons which deplete the ozone layer.
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03/ What are the types of evaporative cooling systems?

1. Direct evaporative cooling systems:

In direct evaporative cooling, the process or conditioned air comes in direct contact with
the wetted surface, and gets cooled and humidified. As shown in the figure 3, hot and dry
outdoor air is first filtered and then is brought in contact with the wetted surface or spray
of water droplets in the air washer. The air gets cooled and dehumidified due to
simultaneous transfer of sensible and latent heats between air and water (process 0-s). The
cooled and humidified air is supplied to the conditioned space, where it extracts the
sensible and latent heat from the conditioned space (process s-i). Finally the air is
exhausted at state i. In an ideal case when the air washer is perfectly insulated and an
infinite amount of contact area is available between air and the wetted surface, then the
cooling and humidification process follows the constant wet bulb temperature line and the
temperature at the exit of the air washer is equal to the wet bulb temperature of the
entering air (t,wt), 1.€., the process becomes an adiabatic saturation process. However, in
an actual system the temperature at the exit of the air washer will be higher than the inlet
wet bulb temperature due to heat leaks from the surroundings and also due to finite contact
area. One can define the saturation efficiency or effectiveness of the evaporative cooling
system € as:
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2. Indirect evaporative cooling system:
In an indirect evaporative cooling process, two streams of air - primary and secondary are

used as shown in the figure 4. The primary air stream becomes cooled and humidified by
coming in direct contact with the wetted surface (0-0’), while the secondary stream which
is used as supply air to the conditioned space, decreases its temperature by exchanging
only sensible heat with the cooled and humidified air stream (0-s). Thus the moisture
content of the supply air remains constant in an indirect evaporative cooling system, while
its temperature drops. Obviously, everything else remaining constant, the temperature drop
obtained in a direct evaporative cooling system is larger compared to that obtained in an
indirect system, in addition the direct evaporative cooling system is also simpler and
hence, relatively inexpensive. However, since the moisture content of supply air remains
constant in an indirect evaporation process, this may provide greater degree of comfort in
regions with higher humidity ratio. The commercially available indirect evaporative
coolers have saturation efficiency as high as 80%.
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3. Multi-stage evaporative cooling systems:

As shown in the figure 6, in the first stage the primary air cooled and humidified (o -
0’) due to direct contact with a wet surface cools the secondary air sensibly (0 -1) in
a heat exchanger. In the second stage, the secondary air stream is further cooled by a
direct evaporation process (1-2). Thus in an ideal case, the final exit temperature of



the supply air (t,) is several degrees lower than the wet bulb temperature of the inlet
air to the system (t,).
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Note: Evaporative cooling systems are perfect in hot and dry places, i.e., in places
where the dry bulb temperature is high and the wet bulb temperature is low.



