
  

  1395166 17 -28
                

  

    

     
mme.modares.ac.ir

  

    

    

    

    
                

 

  
:  Please cite this article using:

A. Haghighi Poshtiri, S. Bahar, A. Jafari, Passive cooling of stand-alone building with domed roof in hot and arid climate assisted by solar adsorption chiller, Modares
Mechanical Engineering Vol. 16, No. 6, pp. 17-28, 2016 (in Persian)

                
    

  1*  2  2  

1-          
2-          
 *   13769-41996 haghighi_p@guilan.ac.ir  

      
  

 :19  1394  
 :09  1395  

 :22 1395  

                          
         14384    7730      .    

              .        
   .                  - 

 4       .                
   .                        

      .                  .
                   15     .  

  
   
    

   

  

  

Passive cooling of a stand-alone building with domed roof in hot and arid 
climate assisted by solar adsorption chiller 

Amin Haghighi Poshtiri*, Safoura Bahar, Azadeh Jafari 

Department of Mechanical Engineering, University of Guilan, Rasht, Iran  
* P.O.B. 41996-13769, Rasht, Iran, haghighi_p@guilan.ac.ir 

ARTICLE INFORMATION  ABSTRACT 
Original Research Paper 
Received 08 February 2016 
Accepted 28 April 2016 
Available Online 11 June 2016 
 

 In this paper, a natural cooling system composed of domed roof and solar adsorption chiller is presented 
and its performance to provide the thermal comfort conditions in Yazd, Kerman, and Tehran is 
investigated based on ISIRI 14384 and ISO 7730. Furthermore, the effects of environmental parameters, 
wind speed, and geometric characteristics on the system performance are studied. To calculate the 
number of air changes of the room, Ansys Fluent software is used. Additionally, to estimate the room 
inlet temperature, the governing equations of the adsorption chiller and cooling channel are solved 
based on the fourth order Runge-Kutta and finite difference methods, respectively. The results show that 
increasing the incision diameter of the domed roof as well as the width of the cooling channel causes the 
number of air changes of the room to increase. Alternatively, increasing the width of the inlet air vent 
up to a threshold value will cause the number of air changes to increase. However, increasing beyond 
the threshold value has no significant effect on the number of air changes. Additionally, in the 
aforementioned cities, the room inlet air temperature is almost constant when the chiller operates. 
Finally, the environmental conditions for which the system is able to provide thermal comfort 
conditions, in the test room on July 15, are determined. 
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Fig. 1 ISO7730 standard for thermal comfort 
1 ISO7730  
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Fig. 2 Schematic diagram for the test room 
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Fig. 3 Schematic diagram of solar adsorption chiller 
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Fig. 4 Schematic diagram for the geometry of computational domain 
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Fig. 5 Schematic diagram of the cooling channel  
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Fig. 6 The effect of computational domain dimension on ACH  
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Fig. 7 The effect of mesh amount on ACH 
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Fig. 8 a) Mesh arrangement inside and around test room and cooling 
channel b) Residuals 
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Fig. 9 Comparsion between total solar radiation by this study and Ref. 
[25] in Zahedan 
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Table 1 Condition for adsorption chiller in Ref.  [9] 
    

 1.52 kg/s  31.1 °C 
 1.37 kg/s  14.8 °C 

 0.71 kg/s  86.3 °C 

 1.28 kg/s 
 

30 s 

2 
] 9[ 

Table 2 Comparison of results of this study and Ref. [9] for solar 
adsorption chiller  

  
 

 (°C) (%)  

] 9[ 
 

] 9[  ]9[  
 78.63 74.67 78.52 5.03 0.13 

 36.84 40.39 38.86 9.63 5.48 
 11.63 10.12 9.52 12.9 18.1 
 33.04 33.37 33.12 0.99 0.24 

3 
3040 50  

Table 3 Comparison between room inlet temperatures when cooling 
channel is divided into 30, 40 or 50 nodes 

 (hr) 

(°C) (%)  
  
30 

 
40 

 
 50 

 

30 
40 

 

40 
50 

 

8 19.15 19.17 19.18 0.10 0.05 
9 18.90 18.93 18.94 0.16 0.05 
10 19.00 19.03 19.05 0.16 0.11 
11 19.34 19.38 19.40 0.20 0.10 
12 19.09 19.13 19.15 0.21 0.10 
13 18.71 18.75 18.78 0.21 0.16 
14 17.53 17.58 17.62 0.29 0.22 
15 17.34 17.40 17.43 0.35 0.17 
16 16.67 16.73 16.77 0.36 0.24 
17 16.41 16.47 16.50 0.37 0.18 
18 16.68 16.73 16.77 0.30 0.24 
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Table 4 Numerical values of parameters adopted in this study 
    

Vhot water tank 200 L  4.10 m2 

,  31.1 °C  2.09 m2 

,  10036 J/K  2.66 m2 
,  5249.6 J/K  1.52 kg/s 
,  20456.5 J/K ,  1.37 kg/s 

 4115.23 W/m2 K  1 kg/s 
 2557.54 W/m2 K  1.2 kg/s 

 1602.56 W/m2 K  900 s 
 1724.14 W/m2 K  30 s 

 
  

  
 

Fig.10 Contours of air velocity (a) inside and (b) around testing room 
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Fig. 11 Diagram of ACH number of the room according to different 
wind speed, width of the inlet vent, outlet vent diameter, and depth of 
the cooling channel a) diameter of outlet vent 0.4 and cooling channel 
depth 0.2m b) diameter of outlet vent 0.8 and cooling channel depth 
0.2m c) diameter of outlet vent 0.8 and cooling channel depth 0.3m 
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Fig. 12 Profile of temperature and relative humidity of ambient air in 
a)Yazd,b) Kerman and c) Tehran on 15 July  

12  (  (  (
15  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

6.
31

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

20
 ]

 

                             8 / 12

https://dorl.net/dor/20.1001.1.10275940.1395.16.6.31.4
https://mme.modares.ac.ir/article-15-8176-fa.html


    

                           

1395166  25  

 

Fig. 13 Profile of solar flux variation in Yazd, Kerman and Tehran on 
15 July  
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Fig. 14 Hot water temperature profile of the storage tank’s top layer in 
Yazd climate conditions on 15 July 
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Fig. 15 Profile of inlet and outlet chilled water temperature of 
evaporator on 15 July in Yazd 
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Fig. 16 Profile of room inlet temperature according to variations of 
wind speed on 15 July in a) Yazd b) Kerman and c) Tehran 
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Fig. 17 Profile of room inlet temperature in Yazd when wind velocity is 
zero 

17 .
 

 "18 - "  

) 10  (0.8 
30 70 

 . 
1.6 3.2  )10 

 (  .
  

 

 

Fig. 18 Profile of room inlet relative humidity according to variations 
of wind velocity on 15 July in a) Yazd b) Kerman and c) Tehran 
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Fig. 19  Profile of room average temperature in Yazd with different 
cooling loads when wind velocity is a) 0.8(m/s), b) 3.2(m/s) 
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Fig. 20 The variation of chiller’s COP for different wind velocity 
values in Yazd 
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