
Lecture - 18 - 

Evaporative cooling systems 

Q1/How does an evaporative air cooler works? 

    
 

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. 

 

 مو ٍجشدح. عْذٍب ٝزلاٍظ اىَبء ٍع اىٖ٘اء اىغبخِ، ٝزجخش اىَبء. رعَو ٍجشدح اىٖ٘اء اىزجخٞشٝخ عيٚ ٍجذأ رجخش اىَبء

(EVAPOLER) ٛ٘عيٚ ٗعبداد  رحز(pads )ر٘صٝع اىَبء اىخبص ثْشش اىَبء ثشنو ٍ٘حذ عيٚ عطح ٝقً٘ ّظبً . رجشٝذ مجٞشح

عْذٍب َٝش اىٖ٘اء اىغبخِ عجش اى٘عبدح اىَجييخ ، َٝزض اىَبء ثعط اىحشاسح . اى٘عبدح ، ىيحفبظ عيٚ عطح اىزلاٍظ ٍجيلاا ٍع اىٖ٘اء

 .ثٌ ٝزٌ دفع اىٖ٘اء اىْقٜ اىَجشد عِ غشٝق اىَشٗحخ إىٚ اىَجْٚ. أثْبء رجخشٓ

           

Q2/ 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. 

                                                                                                                     استهلاك أقل طاقة
 

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. 

  .لاُ اىعَيٞخ رجشٝذ غجٞعٜ ليست هناك حاجة لإغلاق الأتىاب والنىافذ

3-Evaporative system has less cost than that for A/C system that will cool the same sized area. 

  اىَغبحخثشد ّفظ ٛاىَجشد اىزجخٞشٛ أقو رنيفخ ٍِ ّظبً اىزنٞٞف اىزٛ  

4-Evaporative air cooler require very little space for installation  

 يةمساحة صغيرة جدًا للتركٍجشدح اىٖ٘اء اىزجخٞشٝخ رزطيت 

 

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. 



اىَغزخذٍخ فٜ رنٞٞف اىٖ٘اء ٕٜ غبصاد  ٍ٘ائع اىزثيٞحاىعذٝذ ٍِ . ىجٞئخهٍجشدح اىٖ٘اء اىزجخٞشٝخ لا رحز٘ٛ عيٚ ٍ٘ائع رثيٞح ظبسح 

 دفٞئخ ق٘ٝخ ٍثو اىٖٞذسٗفي٘سٗمشثُ٘ أٗ ٍشمجبد اىنشثُ٘ اىني٘سٝخ في٘سٝخ اىزٜ رغزْفذ غجقخ الأٗصُٗ

 

Q3/ 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 o-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 (to,wbt), i.e., 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 ε as: 

 
 

ا ٍع اىغطح اىَجيو حٞث ٝزٌ رجشٝذٓ ٗرشغٞجٔ فٜ اىزجشٝذ اىزجخٞشٛ مَب ٕ٘ ٍجِٞ . اىَجبشش ، اىٖ٘اء اىَنٞف ٝنُ٘ فٜ رَبط ٍجبششا

فٜ اىشنو ، ٝزٌ رْقٞخ اىٖ٘اء اىخبسخٜ اىغبخِ ٗاىدبف أٗلاا ثٌ ثعذ رىل ٝزٌ ٍلاٍغزٔ ىيغطح اىَجيو أٗ سرار قطشاد اىَبء فٜ غغبىخ 

ٝزٌ  o-s ).عَيٞخ)ىشغ٘ثخ ثغجت اىْقو اىَزضاٍِ ىيحشاسح اىَعق٘ىخ ٗاىنبٍْخ ثِٞ اىٖ٘اء ٗاىَبء ٝزٌ رجشٝذ اىٖ٘اء ٗردفٞفٔ ٍِ ا. اىٖ٘اء

 عَيٞخ)ر٘فٞش اىٖ٘اء اىَجشد ٗاىَشغت إىٚ اىَغبحخ اىَنٞفخ ، حٞث ٝغزخشج اىحشاسح اىَحغ٘عخ ٗاىنبٍْخ ٍِ اىَغبحخ اىَنٞفخ 

.(s-i  ٌب ٗرز٘فش ٍغبحخ غٞش ٍحذٗدح ٍِ ٍْطقخ اىزلاٍظ ثِٞ اىٖ٘اء فٜ حبىخ ٍثبىٞخ عْذٍب رنُ٘ غغبىخ اىٖ٘اء ٍعضٗىخ ر اٍ ا

اىشغت اىثبثذ ٗدسخخ اىحشاسح عْذ خشٗج غغبىخ  اىجصيخٗاىغطح اىَجيو ، فإُ عَيٞخ اىزجشٝذ ٗاىزشغٞت رزجع خػ دسخخ حشاسح 

ٍٗع رىل ، فٜ اىْظبً . اسحاىشغت ىيٖ٘اء اىذاخو، أٛ رصجح اىعَيٞخ عَيٞخ رشجع ثبثذ اىحش اىجصيخاىٖ٘اء رغبٗٛ دسخخ حشاسح 

اىشغت اىذاخو ثغجت رغشة اىحشاسح ٍِ  اىجصيخاىفعيٜ ، عزنُ٘ دسخخ اىحشاسح عْذ خشٗج غغبىخ اىٖ٘اء أعيٚ ٍِ دسخخ حشاسح 

ب ثغجت ٍْطقخ اىزلاٍظ اىَحذٗدح  . اىَْبغق اىَحٞطخ ٗأٝعا

  

 



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 (o-o’), 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 (o-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%. 

 

أٗىٜ ٗثبّ٘ٛ مَب ٕ٘ ٍ٘ظح فٜ  -فٜ عَيٞخ اىزجشٝذ اىزجخٞشٛ غٞش اىَجبشش ، ٝزٌ اعزخذاً رٞبسِٝ ٍِ اىٖ٘اء 

ا ٍٗشغجاب عِ غشٝق اىزلاٍظ اىَجبشش ٍع اىظ. 4اىشنو  ،  ('o-o) غح اىَجيوٝصجح رٞبس اىٖ٘اء الأعبعٜ ٍجشدا

عيٚ خفط دسخخ حشاسرٔ عِ غشٝق  اىَنٞف حٞضىيٖ٘اء إىٚ اه ٍدٖضثَْٞب ٝعَو اىزٞبس اىثبّ٘ٛ اىزٛ ٝغزخذً ك

ٗثبىزبىٜ فإُ ٍحز٘ٙ اىشغ٘ثخ فٜ ٕ٘اء  .(o-s) غتسًٗاه ثبسدفقػ ٍع رٞبس اىٖ٘اء اه حغ٘طرجبده اىحشاسح اىٌ

ٍِ اى٘اظح ، . دسخخ حشاسرٔ عْذ اّخفبظاىزجخٞشٛ غٞش اىَجبشش فٜ ّظبً اىزجشٝذ ( ws=wo)ٝظو ثبثزاب  ٍدٖضاه

أُ مو شٜء ٝجقٚ ثبثزاب ، فإُ اّخفبض دسخخ اىحشاسح اىزٛ رٌ اىحص٘ه عيٞٔ فٜ ّظبً اىزجشٝذ اىزجخٞشٛ اىَجبشش 

أمجش ٍقبسّخا ثزيل اىزٜ رٌ اىحص٘ه عيٖٞب فٜ ّظبً غٞش ٍجبشش ، ثبلإظبفخ إىٚ أُ ّظبً اىزجشٝذ اىزجخٞشٛ 

ب أثغػ ٗثبىزبىٜ فٖ٘ غٞش ٍنيف ّغجٞابا ا لأُ ٍحز٘ٙ اىشغ٘ثخ فٜ ٕ٘اء . ىَجبشش ٕ٘ أٝعا  ردٖٞضاهٍٗع رىل ، ّظشا

ٝظو ثبثزاب فٜ عَيٞخ اىزجخش غٞش اىَجبششح ، فقذ ٝ٘فش رىل دسخخ أمجش ٍِ اىشاحخ فٜ اىَْبغق راد ّغجخ اىشغ٘ثخ 

اىَجشداد اىزجخٞشٝخ غٞش اىَجبششح اىَزبحخ ردبسٝبا ىٖب  .فٜ اىَجشداد اىزجخٞشٝخ غٞش اىَجبششح اىحذٝثخ . اىعبىٞخ

 .٪80مفبءح رشجع رصو إىٚ 

 

  

 

3. Multi-stage evaporative cooling systems: 

As shown in the figure 6, in the first stage the primary air cooled and humidified (o -

o’) 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 (t2) is several degrees lower than the wet bulb temperature of the inlet 

air to the system (to’). 



 

 اىزلاٍظ ثغجت( ' o -o) ٗرشغٞجٔ الأعبعٜ اىٖ٘اء رجشٝذ ٝزٌ ، الأٗىٚ اىَشحيخ فٜ ، 6اىشنو فٜ ٍجِٞ ٕ٘ مَب 

 اىثبّٞخ اىَشحيخ فٜ. حشاسٛ ٍجبده فٜ( o -1) ٍحغ٘ط ثشنو اىثبّ٘ٛ اىٖ٘اء ٝجشد ٍَب ، ٍجيو عطح ٍع اىَجبشش

 رنُ٘ ، اىَثبىٞخ اىحبىخ فٜ ، ٗثبىزبىٜ(. 2-1) اىَجبشش اىزجخش عَيٞخ غشٝق عِ اىثبّ٘ٛ اىٖ٘اء رٞبس رجشٝذ ٝزٌ ،

 ىيٖ٘اء اىشغتاىجصيخ  حشاسح دسخخ ٍِ دسخبد ثعذح أقو( t2) اىزدٖٞض ىٖ٘اء اىْٖبئٞخ اىخشٗج حشاسح دسخخ

 (.to إىٚ) اىْظبً إىٚ اىذاخو

 

  

 

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. 

 

 

 
 

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
nd

 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 (tw < tDPT)  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 ( tw = tWBT): 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. 
 

c) Cooling and humidification( tDPT <tw < tWPT):  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 ( tWPT <tw<tDBT ):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>tDBT): 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. 

 

 



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 CO2 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; 
 
 

 

 

 


