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Abstract 

The considerable water consumption of Iranian-produced evaporative coolers is obvious 

to everyone due to the water shortage and the reduction of water resources in Iran. Since 

Iranian-produced evaporative coolers have an old design and, on the one hand, are well 

adapted to the atmospheric conditions of Iran, which are mainly hot and semi-arid, but on 

the other hand, due to the high water consumption in these coolers and the lack of water 

resources, especially in summer, there is a need to conduct more scientific research and 

use new ideas and techniques to reduce water consumption in these devices. In this study, 

a new dynamic air cooling system is first introduced, by which atmospheric air can be 

cooled to -90oC without using today's conventional refrigeration systems. The dynamic air 

cooling system is a completely new and innovative method at the global level, which, 

based on the scientific principles of gas dynamics and thermodynamics, is able to increase 

the speed of air passing through this system to supersonic values in several stages and, 

consequently, significantly reduce the temperature of the air passing through the system or 

its sensible energy. This innovative system is currently being used commercially in 

industrial cold stores. In the current work, by using the cold air produced by this system, 

the temperature of the circulating water in evaporative water coolers is significantly 

reduced, and consequently, the amount of water consumption in evaporative water coolers 

is reduced. In the current work, it is shown that by using the cold air produced by the 

dynamic cooling system, the temperature of the circulating water is reduced from the wet 

bulb temperature of the ambient air to a temperature of 4 oC and in these conditions, the 

cooling load and the seasonal energy efficiency ratio increase by 97 and 29.2%, 

respectively, and the water consumption rate and specific water consumption decrease by 

35.2 and 67.5%, respectively. Therefore, by using this system in evaporative water coolers 

produced in Iran, the water and energy consumption rates are both significantly reduced.
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1. Introduction 
Evaporative water coolers are widely used in Iran 

and have a history of more than 70 years in Iran, 

and currently more than 120 manufacturers in 

Iran are producing this cooling device. The high 

water consumption in these water coolers and the 

outdated design and operating principles of these 

coolers on the one hand, and the problem of 

drought and reduced rainfall and shortage of 

water resources, especially for domestic use, on 

the other hand, there is a strong need to use new 

technologies and more special and necessary 

research to reduce water and energy consumption 

in this device. This dynamic air cooling
1
 system 

is an innovative and environmentally friendly 

method that, based on the principles of 

thermodynamics and gas dynamics, converts the 

hot air of the desired environment into cold air 

directly without any heat exchanger or synthetic 

refrigerant hydro fluoro carbons
2
 (Razumtseva et 

al., 2023). 

In the current work, first the details of the 

operation of the DAC system are described and 

then the important performance parameters (water 

and electrical energy consumption rate and 

energy efficiency ratio
3
 based on the laws of 

energy and exergy conservation for the 

evaporative water cooler using this innovation 

(optimized cooler) and the basic cooler (without 

this innovation) are calculated and compared. The 

results show that while the electrical energy 

consumption rate increases, the cooling capacity 

and seasonal energy efficiency ratio
4
 for the 

optimized cooler increase by 98% and 29.2%, 

respectively, compared to the basic cooler, and 

the water consumption rate decreases by 35.3%. 

 

2. Introduction to DAC system 
The schematic of the system used in the proposed 

DAC invention is shown in Fig. 1. The 

components of this system are as follows: 1- 

Compressor, 2- Electric motor for rotating the 

compressor, 3- Air-to-air exchanger, 4- Blower 

fan, 5- Work piece, 6- Generator, 7- Radial 

turbine, 8- Air-to-water shell and tube heat 

exchanger, 9- Water pump, 10- Rectifier and 

power balancer. 

Assuming the presence of an insulated heat 

exchanger between the mass flow of produced 

cold air and the hypothetical reservoir in the 

cooler pan (volume 15 liters), the amount of 

cooling load provided by the cold air can be 

                                                 
1
 Dynamic Air Cooling (DAC) 

2
 Hydro-Fluoro-Carbons (HFC) 

3
 Energy Efficiency Ratio (EER) 

4
 Seasonal Energy Efficiency Ratio (SEER) 

obtained from the energy balance between the 

passing cold air and the desired volume of water 

 

 
Fig. 1. Schematic of the components in the 

invention 

 

as follows 

 

 ̇     
       ̇     

                 (1)  

 

 

2.1. Mathematical modeling of wet pad 
Assuming one-dimensional air flow across the 

wet pad (x direction) through a thickness dx, 

according to Fig. 2 and with the exchange of 

sensible heat element (dqs) and the exchange of 

latent heat element (dql), the energy conservation 

equation 2 for an open system can be as follows: 

 

                                                  (2) 

 

 

 
Fig. 2. Schematic of air flow across the width of 

the wet pad 
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2.2. Calculation of cooling capacity and 

specific water consumption
5
 at 

different circulating water 

temperatures 
The cooling capacity is found based on the dry 

temperature of the incoming and outgoing air 

from the wet environment with the help of 

equation 3 

 

      ̇   (       )                                   (3) 

 

On the other hand, the SWC is defined as the 

ratio of the water consumption rate to the cooling 

capacity according to equation 4 

 

 

    
 ̇ 

  
 

  ̇   (     )      

     (       )  ̇ 
  

(     )      

     (       )
     (4) 

 

The effect of changing the circulation water 

temperature on the air temperature exiting the wet 

pad, observed in the base case in the summer 

conditions of Tabas city and in several optimized 

cooler modes, is shown in Fig. 3. The values of 

cooling capacity (Qc, kW), water consumption rate 

(mv, kg/hr), SWC (SWR, kg/kW-hr), and seasonal 

EER (SEER, BTU/W-h) were calculated for 

different ambient conditions (the dry air 

temperature of the atmosphere changed but the 

relative humidity of the atmosphere was assumed 

to be constant at 20%) and four different 

                                                 
5
 Specific Water Consumption (SWC) 

circulating water temperatures and the results are 

presented in Tables 1 and 2. 

 

3. Discussion and results 
The important results are as follows: 

A- With circulating water cooling at all different 

dry ambient temperatures, the cooling capacity 

increases, and for example at an ambient 

temperature of 50 °C, the cooling capacity 

increases by 98%. 

B- With circulating water cooling at all different 

dry ambient temperatures, the SEER increases, 

and for example at an ambient temperature of 

50 °C, the SEER increases by 29.2%. 

 

 

 

Fig. 3. Changes in the air temperature exiting the 

wet pad in terms of dry ambient temperature for 

different circulating water temperatures

 
Table 1. Cooling capacity values and SEER 

Dry ambient 
temperature 

°C

Cooling capacity (  
̇ , kW) SEER 

(SEER, BTU/W-h) 
Base cooler 

(water 
temperature = 
wet ambient 
temperature)

Optimal cooler (circulating 
water cooling)

Base cooler 
(water 

temperature = 
wet ambient 
temperature)

Optimal cooler (circulating 
water cooling)

20°C 12°C 4°C 20°C 12°C 4°C

30 3.04 15.70 26.04 34.54 41.11 138.56 229.80 304.81

35 9.35 21.80 31.80 39.92 126.50 192.31 280.71 352.24

40 15.66 27.88 37.58 45.29 211.91 246.06 331.67 399.67

45 21.97 33.97 43.35 50.67 297.30 299.81 382.51 447.08

50 28.28 40.06 49.12 56.04 382.71 353.55 433.41 494.51

% change 

(relative to 50 
o
C)

0 +41.6 +73.7 +98.2 0 -7.6 +13.2 +29.2
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Table 2. Water consumption rate and SWC 

Dry ambient 
temperature 

°C

Water consumption rate ( ̇   kg/hr) 
SWC 

(SWR, kg/kW-hr) 

Base cooler 
(water 

temperature 
= wet ambient 
temperature)

Optimal cooler 
(circulating water 

cooling)

Base cooler 
(water 

temperature = 
wet ambient 
temperature)

Optimal cooler (circulating 
water cooling)

20°C 12°C 4°C 20°C 12°C 4°C

30 44.13 38.95 33.19 28.51 14.53 2.48 1.27 0.83

35 50.1 44.13 37.61 32.31 5.35 2.02 1.18 0.81

40 56.1 49.43 42.13 36.19 3.57 1.77 1.12 0.80

45 62.2 54.72 46.64 40.06 2.82 1.61 1.07 0.79

50 68.7 60.64 51.68 44.39 2.43 1.51 1.05 0.79

% change 

(relative to 50 
o
C)

0 -11.7 -24.7 -35.3 0 -37.8 -56.8 -67.5

 

C- With circulating water cooling at all different 

dry ambient temperatures, the water consumption 

rate  ̇  decreases, and for example at an ambient 

temperature of 50 °C, the water consumption rate 

 ̇  decreases by 35.3%. 

D- By cooling the circulating water at all different 

dry ambient temperatures, the SWC is reduced, 

and for example at an ambient temperature of 50 

°C, the SWC (SWR, kg/kW-hr) is reduced by 

67.5%. E- The temperature of the air used for 

cooling the circulating water is cooled to -90 °C 

by the DAC system. 
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آتيي َ کياْص وٍياتب آب کش کطيُش      کهولاحظّ کُلرْاي آتي تثخيري تُليدي ايراي تا تُجّ تّ  وصرف آب قاتل

ي کّ کُلرْاي آتي تثخيري تُليدي ايراي طرح قديىي کاضتّ َ از طرفيي  يايراي تر ْىگاي َاضح است. از آٌجا

خطک است، تطاتق خُتي کاضتّ َلي از طرف کيگر تا تُجّ تّ  تا ضرايط اتىسفريک ايراي کّ عىدتاً گرن َ ٌيىّ

ْياي عمىيي    ىثُک وٍاتب آتي، خصُصاً کش ايان تاتستاي، ٌياز تّ اٌجان پصَْصوصرف تالاي آب کش ايً کُلرْا َ ک

ضُک. کش ايً  ْاي جديد تراي کاْص وصرف آب کش ايً َسايل احساض وي ْا َ تکٍيک کاشگيري ايدِ تيطتر َ تّ

تيُاي تيدَي    پصَْص اتتدا سيسته جديد سروايص کيٍاويکي ُْا وعرفي ضد کّ تُسط آي ُْاي اتىسفر شا ويي 

سرک کرک. سيسته سروايص کيٍاويکي ْيُا ييک    -oC00ْاي تثريد وتداَل اورَزي تا کواي  استفاکِ از سيسته

شَش کاولاً ٌُيً َ تا ٌُآَشي جديد کش سطح جٓاٌي است کّ تر پايّ اصُل عمىي کيٍاويک گياز َ تروُکيٍاوييک   

لاي صُت شساٌدِ َ تيالطثب کوياي   تا وقداشقاکش است کش چٍد ورحمّ، سرعت ُْاي عثُشي از ايً سيسته شا تّ 

ٌحُ چطىگيري کاْص کْد. ايً سيسته اتتکياشي کش حيال    ُْاي عثُشي از سيسته يا اٌرشي وحسُض آي شا تّ

کاشگيري ْيُاي سيرک حاصيل از اييً      تا تّ ايً پصَْصْاي صٍعتي کاشتري تجاشي کاشک. کش  حاضر کش سرکخاٌّ

ثخيري کاْص چطىگير يافت َ تالطثب ويساي وصرف آب کش سيسته، کواي آب سيرکُلاسيُي کش کُلرْاي آتي ت

کاشگيري ُْاي سيرک تُلييدي از سيسيته     ٌطاي کاکِ ضد کّ تا تّْىچٍيً . يافتکُلرْاي آتي تثخيري کاْص 

ياتيد َ کش اييً    کياْص ويي   oC 4 سروايص کيٍاويکي، کواي آب سيرکُلاسيُي از کواي تر وحيط ُْا تا کوياي 

افيسايص َ ٌيرم وصيرف آب َ     کشصيد  2/20َ  09ت فصمي تازکِ اٌرشي تّ ترتية ضرايط تاش سروايطي َ ٌسث

کاشگيري ايً سيسته کش کُلرْاي  تا تّ تٍاترايًياتٍد.  کاْص وي کشصد 3/79َ  2/53وصرف َيصِ آب تّ ترتية 

 ياتٍد. ٌحُ چطىگيري کاْص وي تّ زواي ْهْاي وصرف آب َ اٌرشي  آتي تثخيري تُليدي ايراي، ٌرم

کولر تبخير آبي، سرمايش 

ديناميکي، کاهش مصرف 

 آب، افسايش بازده
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 Energy Efficiency Ratio (EER)   

2
 Seasonal Energy Efficiency Ratio (SEER) 

3
 Direct Evaporative Cooler (DEC) 

4
 In-Direct Evaporative Cooler (IDEC or IEC) 

5
 Wet Pad 

ASHRAE, 2015)(
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)Omidi Kashani, 2015(
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He et al., 2014
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6
 American Society of Heating, Refrigerating and Air-Conditioning 

Engineers (ASHRAE) 
7
 Excelsior Wood Wool 
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Hu et al., 2023 

 Xu et al.,(.
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Wongcharee et al., 2020 

                                                 
1
 Threaded Nozzle 

2
 Impinging Jet 

Nozaki et .(

3)al., 200

Huang and .(

Genk, 1998)-El

Facciolo, 2006 

, 2023et al.Razumtseva  

o
C

                                                 
3
 Dynamic Air Cooling (DAC) 

4
 Absorption Cooling 

5
 Compression Refrigeration 

6
 Synthesis Refrigerant – Hydro-Fluoro-Carbons (HFCS) 
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Fig. 1. Schematic of the components in the invention  
(Razumtseva et al., 2023)

, 2023al.et Razumtseva 
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o
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1
 Working Piece  

Fig  2. Detail of the workpiece (No. 5) 

(Razumtseva et al., 2023)

Razumtseva et al., 2023
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Biblarz, 2019)
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 m 

Wongcharee et al., 2020

 

xdx

dqsdql

                                                 
1
 Solidworks 2013 

2
 ANSYS FLUENT 2021R2 

3
 Lewis Number (Le) 

4
 Sensible Energy 

5
 Latent Energy 

                   (      )    

                 

      

  

Fig. 4. Model of workpiece No. 5 using SolidWorks 
software

Fig. 5. Profiles of Mach number variation and upstream 
pressure to stagnation pressure ratio along the workpiece

Fig. 6. Schematic of air flow across the width of the
wet pad (He et al., 2014)
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Table 1. Cooling capacity values and seasonal energy efficiency ratio 

Dry ambient 
temperature 

°C

Cooling capacity (  
̇ , kW) Seasonal energy efficiency ratio 

(SEER, BTU/W-h) 

Base cooler 
(water 

temperature = 
wet ambient 
temperature)

Optimal cooler (circulating 
water cooling) Base cooler 

(water 
temperature = 
wet ambient 
temperature)

Optimal cooler (circulating 
water cooling)

20°C 12°C 4°C 20°C 12°C 4°C

30 3.04 15.70 26.04 34.54 41.11 138.56 229.80 304.81
35 9.35 21.80 31.80 39.92 126.50 192.31 280.71 352.24
40 15.66 27.88 37.58 45.29 211.91 246.06 331.67 399.67
45 21.97 33.97 43.35 50.67 297.30 299.81 382.51 447.08
50 28.28 40.06 49.12 56.04 382.71 353.55 433.41 494.51

% change 
(relative to 50 

o
C)

0 +41.6 +73.7 +98.2 0 -7.6 +13.2 +29.2

Fig. 7. Changes in the air temperature exiting the wet 
pad in terms of dry ambient temperature for different 

circulating water temperatures 

 

He et al., 2014 

    
 ̇ 

  
 

  ̇   (     )      

     (       )  ̇ 
  

(     )      

     (       )

SEER

    
 ̇ 

 ̇    
 (

  

  
)               

                                                 
1
 Specific Water Consumption (SWC) (rate of water consumption per 

cooling capacity (kg water/kW-sec) 

       (
   

(   )
)

 ̇    

(  
̇ , kW)( ̇   kg/hr) 

(SWR, kg/kW-hr)(SEER, 

BTU/W-h)

 

    
   

    
 

(    )   (    ) 
 

 
  

  

    
  

     [  

  
     (

 

  
)    (

 

  
)

   
 

 
] 

 

 
  

 

    

10

15

20

25

30

35

40

25 30 35 40 45 50A
ir

 t
em

p
er

a
tu

r
e 

le
a
v
in

g
 t

h
e 

w
et

 p
a
d

 (
o
C

) 

Ambient dry temperature (oC) 

Basic cooler (water temperature = wet air temperature)

Optimized cooler ( water temperature = 20 °C)

Optimized cooler (water temperature = 12 °C)

Optimized cooler (water temperature = 4 °C)



               dx.doi.org/10.22093/wwj.2025.499350.3459 

 

         

                                                            Water and Wastewater 

                                   Vol.    , No.   , 2025

Table 2. Water consumption rate and specific water consumption 

Dry ambient 

temperature °C

Water consumption rate ( ̇   kg/hr) 
SWC 

(SWR, kg/kW-hr) 

Base cooler 
(water 

temperature 
= wet ambient 
temperature)

Optimal cooler 
(circulating water 

cooling)

Base cooler 
(water 

temperature = 
wet ambient 
temperature)

Optimal cooler (circulating 
water cooling)

20°C 12°C 4°C 20°C 12°C 4°C

30 44.13 38.95 33.19 28.51 14.53 2.48 1.27 0.83
35 50.1 44.13 37.61 32.31 5.35 2.02 1.18 0.81
40 56.1 49.43 42.13 36.19 3.57 1.77 1.12 0.80
45 62.2 54.72 46.64 40.06 2.82 1.61 1.07 0.79
50 68.7 60.64 51.68 44.39 2.43 1.51 1.05 0.79

% change (relative 
to 50 

o
C)

0 -11.7 -24.7 -35.3 0 -37.8 -56.8 -67.5

m
3
/hr

 °C 

m 

(  ̇)

( ̇ )

kW 

°C

°C

( ̇ )

°C( ̇ )

°C(SWR, kg/kW-hr)

°C 
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