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Evaporative cooling systems

0Q1/How does an evaporative air cooler works?
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Working Principle Diagram of Evaporative Air Coolers
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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.
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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,wot), 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 (o -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.

Air washers:

An air washer is a device for conditioning air. As shown in Fig. in an air washer
air comes in direct contact with a spray of water and there will be an exchange of heat
and mass (water vapor) between air and water. The outlet condition of air depends
upon the temperature of water sprayed in the air washer. Hence, by controlling the
water temperature externally, it is possible to control the outlet conditions of air,
which then can be used for air conditioning purposes.
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In the air washer, the mean temperature of water droplets in contact with air decides
the direction of heat and mass transfer. As a consequence of the 2™ law, the heat



transfer between air and water droplets will be in the direction of decreasing
temperature gradient. Similarly, the mass transfer will be in the direction of
decreasing vapor pressure gradient. For example,

a) Cooling and dehumidification (t, < tppt) Since the exit enthalpy of air is less than its
inlet value, from energy balance it can be shown that there is a transfer of total energy
from air to water. Hence to continue the process, water has to be externally cooled.
Here both latent and sensible heat transfers are from air to water. This is shown by
Process O- A in Fig.

b) Adiabatic saturation (t,, = twsr): Here the sensible heat transfer from air to water is
exactly equal to latent heat transfer from water to air. Hence, no external cooling or
heating of water is required. That is this is a case of pure water recirculation. Shown
by process O-B in figure. this process that takes place in perfectly insulated
evaporative cooler.

¢) Cooling and humidification( tppr <t, < twpr): Here the the sensible heat transfer is
from air to water and latent heat transfer is from water to air, but the total heat
transfer is from air to water,hence,water has to be cooled externally. This is shown by
Process O-C in Figure.

d) Cooling and humidification ( twer <t,<tpgr ):Here the sensible heat transfer is from
air to water and latent heat transfer is from water to air, but the total heat transfer is
from water to air, hence, water has to be heated externally. This is Shown by Process
C-D in Figure. This is the process that takes place in a cooling tower. The air stream
extracts heat from the hot water coming from the condenser, and the cooled water is
sent back to the condenser

e) Heating and humidification:(tw>tpgr): Here both sensible and latent heat transfers are
from water to air, Hence, water has to be heated externally. This is shown by Process
O—E in Figure.
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Various psychrometric processes that can take place in an air washer
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Thus, it can be seen that an air washer woks as a year—round air conditioning
system. Though air washer is a and extremely useful simple device, it iS not
commonly used for comfort air conditioning applications due to concerns about
health resulting from bacterial or fungal growth on the wetted surfaces. However,
it can be used industrial applications.

Advantages

* High COP in the range 15-20;

» Environmental friendly system since it uses water as cooling medium;

* Reduced COz and power plant emissions;

* Reduced electrical energy consumption:it requires only a quarter of the electric power of
VCC,;

* Improved indoor air quality in dry and hot climate by adding moisture to air ;

» Simple system configuration and operation;

* Have a lower initial cost compare to the VCC system and other air conditioning systems.

Disadvantages

» High dependence on the ambient air conditions since the driving force of both evaporative
cooler is the temperature difference between the dry-bulb and wet-bulb temperatures of the
process air;

» Smaller temperature reduction potential ;

* High water consumption;

* DEC pads need to be wetted continuously;



