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Air Cooler 

TUSSET Sylvano 
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DEC : Direct cooling of air by evaporation of water

TUSSET Sylvano 

• When water flows along a runoff surface through the airflow. This air
follows the line of the humid temperature (wb) if t water = t wb air we have an
almost adiabatic process

• The heat of vaporisation of water is drawn from the air stream, which is
thus cooled and humidified

• The theorical lowest temperature (tout) reached by the air is its humid
temperature (twb,o)

Run off surface

t water = t wb air

O
air out

t water = t wb air 



4

IEC : Indirect cooling of air by evaporation of water

TUSSET Sylvano 

The "IEC" process, or "indirect"
evaporative cooling, is so called
because an air-to-air plate
exchanger has been integrated
between a primary air flow and a
secondary air flow.

Water is flowed 
in the wet canal 



5

Evaporation of water in a plate heat exchanger

TUSSET Sylvano 

The evaporation of the water that runs off the plates is achieved by the heat coming
from the primary air flow, which will thus cool.
In the secondary air flow, we have a simultaneous transfer of steam and heat
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IEC : Indirect cooling of air by evaporation of water

TUSSET Sylvano 

Primary 
air flow

Secondary air flow

w = cste

twb tout
tin

The primary air is cooled only
in a pure sensible process, so
without any additional
moisture content
Secondary air has its
humidity ratio and enthalpy
increased
The limit of cooling is twb of
secondary air flow
Dh primary air = Dh secondary air
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IEC : air cooler

TUSSET Sylvano 

4
6

1
3

5

2

Room Outdoor 

There are several IEC air cooler configuration with one or two plate air/air
exchangers that can be counter-current or cross-current.
The IEC air cooler can be separated (autonomous) or integrated in AHU.

Exchangers can operate in wet mode with sensible and latent heat exchange
or in dry mode with sensible heat exchange only.
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IEC : air cooler 
Two Heat Exchanger with wetted plates

TUSSET Sylvano 

HE02 : 1 2  et  5 6

HE01 : 2 3  et  4 5
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IEC : air cooler
Two Heat Exchanger with wetted plates

TUSSET Sylvano 

The simulation of the IEC air cooler is made on base of this Input conditions
• air flow 5000 m3/h = 1,636 kg/s
• Outdoor climatic conditions : 35°/30%/ 0,0105 kg/kg/21,38° wb / 14,84° dp
• Secondary supply air or return temperature from the room t4 set at 25°C/ 0.012 kg/kg /60 %

The outlet temperature t3 ≈ 19.6°C 
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IEC : air cooler 
Two Heat Exchanger with wetted plates

TUSSET Sylvano 

The simulation of the IEC air cooler is made on base of this Input conditions
• air flow 5000 m3/h = 1,636 kg/s
• Outdoor climatic conditions : 35°/30%/ 0,0105 kg/kg/21,38° wb / 14,84° dp
• Secondary supply air or return temperature from the room t4 set at 25°C/ 0.010 kg/kg 50 %

The outlet temperature t3 ≈ 18°C 
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IEC : air cooler 
Two Heat Exchanger with wetted plates

TUSSET Sylvano 

The simulation of the IEC air cooler is made on base of this Input conditions
• air flow 5000 m3/h = 1,636 kg/s
• Outdoor climatic conditions : 35°/30%/ 0,0105 kg/kg/21,38° wb / 14,84° dp
• Secondary supply air or return temperature from the room set at 25°C/ 0.012 kg/kg / 60 %

The COP useful  is about ≈ 5.5 and the COP IEC  from 10 to  15
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IEC : air cooler
Two Heat Exchanger with wetted plates

TUSSET Sylvano 

The simulation of the IEC air cooler is made on base of this Input conditions
• air flow 5000 m3/h = 1,636 kg/s
• Outdoor climatic conditions : 35°/30%/ 0,0105 kg/kg/21,38° wb / 14,84° dp
• Secondary supply air or return temperature from the room t4 set at 25°C/ 0.010 kg/kg 50 %

The COP useful  is about ≈ 7 and the COP IEC  from 12 to 17 
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IEC : air cooler : limit of temperature 

The theoretical limit of cooled air is the humid temperature of the secondary
inlet air t4 : 25°/0,012 wb = 19,49°C and 25°/0,010 wb = 17,9°C

The small difference between the outlet temperature (t3) of the air and the
humid temperature of the secondary inlet air (t wb secondary su) is due to the high
efficiencies of the heat exchangers, which is too optimistic and will need to be
reviewed

If the temperature limit was the dew point rather than the wet temperature,
colder water could be produced and therefore allow wider use of the system.
The dew point temperature dp is therefore a goal, and we will see how to
approach it.

TUSSET Sylvano 

Δ wb-dp = 4 à 7°C 
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IEC : air cooler  : Objectif  dew point (dp)

TUSSET Sylvano 

3 Exhaust 
air 

2 supply  
air 

1 input air 

Part of the cooled primary air - point 2, is used 
as secondary inlet air into the evaporative 
exchanger, where the air will evolve towards 
point 3 along the saturation curve.
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IEC : air cooler  : Objectif  dew point (dp)

3

21

TUSSET Sylvano 

The cooling limit temperature is now the dew point temperature (dew point or 
dp) of the inlet air (1) which is lower than its wet bulb temperature (wet bulb or 
wb)

The closer point A is to the saturation curve, the closer the wet bulb temperature 
is to the dew  point temperature 

Wb 
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IEC : air cooler
Two Heat Exchanger with wetted plates and recycling 

TUSSET Sylvano 

R2 closed and R1 and R3 open
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IEC : air cooler
Two Heat Exchanger with wetted plates and recycling

HE02 : 1 2  et  6  7

HE01 : 2 3  et  3  4
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IEC : air cooler
Two Heat Exchanger with wetted plates and recycling 

TUSSET Sylvano 

The simulation of the IEC air cooler is made on base of this Input conditions
• air flow 5000 m3/h = 1,636 kg/s
• air flow recirculated = 0,818 kg/s
• Outdoor climatic conditions : 35°/30%/ 0,0105 kg/kg/21,38° wb / 14,84° dp
• Secondary supply air or return temperature from the room t4 set at 25°C/ 0.012 kg/kg /60 %

The outlet temperature t3 ≈  from 14.5°C  to 22,4 °C   
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IEC : air cooler
Two Heat Exchanger with wetted plates and recycling 

TUSSET Sylvano 

The simulation of the IEC air cooler is made on base of this Input conditions
• air flow 5000 m3/h = 1,636 kg/s
• air flow recirculated = 0,818 kg/s
• Outdoor climatic conditions : 35°/30%/ 0,0105 kg/kg/21,38° wb / 14,84° dp
• Secondary supply air or return temperature from the room t4 set at 25°C/ 0.010 kg/kg /50 %

The outlet temperature t3 ≈  from 14°C  to 22°C   
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IEC : air cooler
Two Heat Exchanger with wetted plates and recycling 

TUSSET Sylvano 

The simulation of the IEC air cooler is made on base of this Input conditions
• air flow 5000 m3/h = 1,636 kg/s
• air flow recirculated = 0,818 kg/s
• Outdoor climatic conditions : 35°/30%/ 0,0105 kg/kg/21,38° wb / 14,84° dp
• Secondary supply air or return temperature from the room t4 set at 25°C/ 0.012 kg/kg /60 %

The COP useful  is about ≈ from 1,5 to 7,3 and the COP IEC ≈ From 5 to 12
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IEC : air cooler
Two Heat Exchanger with wetted plates and recycling 

TUSSET Sylvano 

The simulation of the IEC air cooler is made on base of this Input conditions
• air flow 5000 m3/h = 1,636 kg/s
• air flow recirculated = 0,818 kg/s
• Outdoor climatic conditions : 35°/30%/ 0,0105 kg/kg/21,38° wb / 14,84° dp
• Secondary supply air or return temperature from the room t4 set at 25°C/ 0.010 kg/kg /50 %

The COP useful  is about ≈ from 1,5 to 7,3 and the COP IEC ≈ from 5 to 12
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Water cooling 

2ème partie 

TUSSET Sylvano 
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• Previous processes (IEC air cooler) were designed to cool air. We will now 
look at processes designed to cool water with cooling tower.

• In office buildings and industry,  cooling towers are used to cool water from 
condensers in refrigeration machines.

• But it can also be used to produce cold water when climatic conditions 
allow, known as "free chilling".

• It is possible to produce cold water for a longer period of time even when 
the external climatic conditions no longer allow free chilling.

Cooling Towers

TUSSET Sylvano 
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The principle of a cooling tower

The lowest theoretical cold-water temperature that can be produced is the wet
bulb temperature of the outside air or the air entering the tower. But the actual
temperature of the water leaving the practical devices is about 3 to 4° higher
than the temperature of the wet bulb of the outside air

(this is known as the tower selection approach) .
TUSSET Sylvano 



« Free » Chilling 

25TUSSET Sylvano 

Free chilling is effective up to outdoor temperatures of a maximum of 18°C (dry) or
wb = 12°C, which means that water can be produced at a minimum of 15°C, 
compatible with terminal units such as chilled ceilings.

wb = 12°C

TS1



Dia 25

TS1 Idem pour le free shilling jusqu'a quelle t° et W
TUSSET Sylvano; 24/03/2021
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IEC : Water Chiller 

TUSSET Sylvano 

The indirect evaporative water chiller Includes
two main components:
[1] the water-air counter-current heat
exchanger (coil) and
[2] the air-water counter-current evaporative
heat exchanger: the padding or fill of the
tower

Cooling tower

Water chiller 
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Water sprayed at temperature tw,sp , flows 
down from the top of the tower and is 
cooled across the padding [2] by the direct 
evaporative cooling process. The heat 
required to evaporate the water is draw 
from water, which finally reaches the tw,out 
temperature at the bottom of the tower.
The water flowing from the bottom of the 
tower at temperature tw,out is then split into 
two streams: the smaller part of the water 
is sent to the water-air counter-current 
heat exchanger (coil) [1] to pre-cool the 
incoming air, and the larger part is sent to 
building terminals, such as fan coil units or 
radiant ceilings, where it absorbs heat from 
the building and then returns to the tower. 
The return water flows from the two 
streams are mixed at temperature tw,sp and 
the cycle starts again

IEC : Water Chiller 

“TUSSET Sylvano 

tw,sp 
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IEC : Water Chiller 

TUSSET Sylvano 

• the limit temperature of the water tw,out 
leaving the evaporative cooler [2] is the 
wet bulb temperature of the air : twb,A  
 tw,out > twb,A >  t dp A     

tw,out = twb,A + approche 

• the limit temperature of the air leaving 
the cooling coil [1] is the temperature 
of the air dew point : tdp,A

tA t dp A  = t dp O

• The closer point A is to the saturation 
curve, the closer twb,A is closer to tdp,A

Cooling tower 
Water chiller 



IEC : tw out - Water Chiller  versus Cooling Tower

The efficiency of water chiller is higher in dry climates.
The lower  humidity, the lower the water temperature tw,out

TUSSET Sylvano 29



IEC
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• The characteristics and performances of the IEC 
Water Chiller will be explained in my second 
presentation. 

• In conformity with the rules of the annex, we don’t 
have mention of manufacturers’ name 


