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 A practical method for improving the COP of an air-cooled chiller is pre-cooling the air entering its 
condenser via a water mist system. This article studies a water mist system with hollow-cone spray 
nozzles and investigates the effects of water flow rate, water droplet diameter and the number of spray 
nozzles on system performance. Simulations were run by FLUENT software, applying Eulerian-
Lagrangian method. Solution grid independency was obtained and was validated with experimental 
data. According to the results, in a constant air flow rate of 8.3 (kg/s), with increasing the water flow 
rate from 0.05 to 0.4 (kg/s), percent increase of COP increases from 3 to about 14, but the percentage of 
evaporated water decreases from 12.13 to 7.62 (however the value of evaporated water increases). 
Besides, decreasing the water droplets diameter from 200 to 50 micrometer, results in percent increase 
of COP from 4 to 24. Due to less water evaporation in higher flow rates, the number of spray nozzles 
was raised in a constant total flow rate which, according to the results, increasing the number of nozzles 
improves the system performance. Also, with other simulations it was observed that increasing the 
number of nozzles is more effective in higher flow rates and less drop diameters. Finally, the case study 
demonstrated that using sufficient number of nozzles, it is possible to achieve higher COPs in lower 
flow rates and therefore in addition to energy consumption, the water consumption could be reduced. 
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Fig. 1 Schematics of water mist system geometry 
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Table 1 Parameter expressions of relation (1) in governing equations 
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Fig. 2 Comparison of temperature profile (oC) on the middle vertical 
line of outlet section for three computational grids 
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Fig. 3 Comparison of CFD temperature with experimental temperature 
in nine points of the channel outlet section 
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Fig. 4 Location of spray nozzles on inlet section 

4  

30  .
x  . 

2  .
3 5 "5"  ."5a" 3 
)100  (

31 4 5 )
50 

23 ) 
5b 5c .("5" 

) "5" 
 .(

 ."5" 
) 34 

5  .(
"6"   

"6"100   
  

0

0.1

0.2

0.3

0.4

0.5

0.6

24 26 28 30 32 34

y
(m

)

T (oC)

500000 cells

720000 cells

1125000 cells

27

28

29

30

31

32

33

34

27 28 29 30 31 32 33 34

C
FD

 T
em

pe
ra

tu
re

 (o C
)

Experimental Temperature (oC )

10%

10%
5%

5%

x y 

z 

Inlet section 

1 

3 4 
5 

6 
7 

8 
9 

2 



    

     

  

116  1395167  

2   
Table 2 Model input parameters for investigating the effect of water droplets’ diameter 
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Fig. 5 Temperature distribution (oC) on outlet section: a-case 3, b-case 
4, c-case 5 
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Fig. 6 Temperature distribution (oC) on longitudinal cross sections, a-
case 3 in z=0.35m, b-case 4 in z=0.175m, c-case 5 in z=0.35m 
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Table 3 Simulation results in investigating the effect of water droplets’ 
diameter 

 
)oC( 

   
1 38.1 5.57 3.04 3.93 
2 36.3 8.80 3.17 8.23 
3 34.8 11.40 3.27 11.94 
4 32.5 15.45 3.46 18.13 
5 30.3 19.24 3.64 24.45 

1 Trane 

Fig. 7 Temperature distribution (oC) on the outlet section, a- flow rate 
of 0.05 (kg/s) & b- flow rate of 0.4 (kg/s) 
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Table 4 Simulation results in investigating the effect of spray water 
flow rate 

)kg/s( 
 
)oC(  

 
 

 

0.05 38.6 12.13 3.01 2.97 
0.1 37.4 11.22 3.09 5.48 
0.2 35.7 10.00 3.21 9.63 
0.3 34.8 8.49 3.27 11.90 
0.4 34.1 7.62 3.32 13.73 

a 

b 
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Fig. 8 Variations of water and electricity cost (Rials- the left axis) and 
the total cost (Rials- the right axis) with water flow rate (kg/s) 
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Fig. 9 Percent evaporated water versus channel length for different 
number of spray nozzles 
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Table 5 Simulation results for investigating the effect of number of 
nozzles in various water flow rates  

 
)kg/s(  )oC(  

 
 

0.01 4 37.6 83.26 3.07 5.10 
0.01 16 37.3 93.93 3.10 5.83 
0.04 4 33.8 54.74 3.35 14.45 
0.04 16 30.8 80.29 3.60 22.92 
0.08 4 30.8 41.52 3.60 22.92 
0.08 16 25.4 64.45 4.09 40.00 

  

6  
Table 6 Simulation results for investigating the effect of number of 
nozzles in various water droplet diameters  

) m( 
 

)oC(    

25 4 30.8 41.52 3.60 22.92 
25 16 25.4 64.45 4.09 40.00 
50 4 33.6 29.64 3.37 15.09 
50 16 32.9 32.63 3.42 17.00 
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Fig. 10 Percent increase of COP with water mist system in various 
water flow rates for 4 and 16 number of nozzles 
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Fig. 11 Percent increase of COP with water mist system in various 
water droplet diameters for 4 and 16 number of nozzles 
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Fig. 12 Percent increase of COP with water mist system in two 
special cases 
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