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 In this study, the accuracy of steady and unsteady methods in predicting the required length of air-earth 
heat exchangers has been compared for cooling application. Also, the impact of different conditions for 
inlet air temperature (constant, periodic and actual temperature) on unsteady methods has been studied. 
Results indicated that, steady model cannot provide correct estimation for the required length of 
channel. In addition, using unsteady method with constant inlet air temperature overestimates the 
required length of the channel, which can lead to economic and implementation challenges for project. 
However, using unsteady method with periodic inlet air temperature,allows the required length of the 
channel can be estimated with acceptable accuracy compared with real situation (unsteady model with 
actual inlet air temperature). 
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Table 1 Specifications of earth-air heat exchange 

   

 (m) 3 
 (m) 002.0 

 (m) 3.0 
 (m3/s) 028.0 

 °C 41.25 
 °C 19.9 

 (W/mK) 27.16 
 (J/kgK) 48.502 

  (kg/m3)  8030 
 (W/mK) 52.0 

 (J/kgK) 1140 
 (kg/m3) 1400 

 (W/mK)  0264.0  
 (J/kgK) 1005 

 (kg/m3)  166.1  
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Fig. 1 Comparison present results with experimental data, 20 and 23 
hours after launch 
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Fig. 2 Comparison of transient model with steady state model 

2  ( )   

20

22

24

26

28

30

32

34

36

0 2 4 6 8 10 12 14 16 18 20 22 24 26

Te
m

pe
ra

tu
re

 (°
C

)

Distance from the EAHE Entry (m)

numerical (after 23 hours)
numerical (after 20 hours)
exprimental data (after 23 hours) [12]
exprimental data (after 20 hours) [12]

18

20

22

24

26

28

30

32

34

0 20 40 60 80 100 120 140

O
ut

le
t T

em
pe

ra
tu

re
 (°

C
)

Length(m)

Transient (critical temperature)
Steady state (critical temperature)

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

1.
26

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

15
 ]

 

                               3 / 4

https://dorl.net/dor/20.1001.1.10275940.1395.16.1.26.9
https://mme.modares.ac.ir/article-15-8431-fa.html


    

             -           

  

368  1395161  

 68.8 
  

4 -2- 
  

) 
2010) (

2010 (2010
 .

 3  .
°C26 

m56  
m1.7 

m43 
  

5 -   

  .
 .  

  

  
Fig. 3 Effect of inlet thermal boundary condition 
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Table 2 Assessment of various designing approaches 
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