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Abstract  
The trapped air in the water conveyance systems may cause the obstruction of flow, corrosion 
and adverse effect on the performance of valves and pumps. This study is part of the Abbas 
Abad Dam Drinking Water Transmission Line using Ansys Fluent Software, The behavior of 
air entrapped during the filling and discharging process and the effect of its existence on 
pressure changes were studied. Entrapped air was simulated at 0.5, 2, 3 m lengths and inlet 
pressures of 1.2456, 1.7456 and 2.2456 atmospheres for a 35-meter-long metal pipe with a 
discharge valve embedded in its outlet end. The effects of pressure-time changes were 
investigated in two ways: a) pressure changes in the pipe and drain valve and b) pressure 
changes inside the entrapped air. The results showed that the pressure changes in both cases 
were due to the large fluctuations in confined air and that the fluctuations continued until the 
drain valve was fully opened and the longer the confined air length was, the greater the 
amplitude and length of the created fluctuations. Modeling with similar boundary conditions 
without the presence of air indicates no pressure fluctuations. The results of the verification 
confirm the research results. Besides the Palau et al, 2019 results, calculation of relative error, 
RMSE and NRMSE were used in order to validate the numerical model results. 

Keywords: Trapped Air, Two Phase Flow, Sudden Discharge, Abbas Abad Dam Transmission 
Line. 
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Fig. 1. a) Geometric properties of the simulated tube b) Valve rotation 
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Fig. 2. Pressure variations time of the tests performed for 
mesh sizes of 0.03, 0.06 and 0.09 
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Table 1. Characteristics of tests performed to evaluate the accuracy and effectiveness of milling 

The mesh size for the 
surface of each cell Description 

0.3 The simulation was accompanied by an error message due to the large size 
of the mesh and the lack of convergence of results 

0.03 The simulation was performed and solved with convergence of results 

0.003 Simulation in several stages was accompanied by an error message that the 
results could not be converged due to the large number of meshes 

0.06 The simulation was performed without error message and the solution was 
associated with convergence of results 

0.09 The simulation was performed without error message and the solution was 
associated with convergence of results 
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��"&V44�(&5 2�8;�( ,�� =�/� !�� 
Table 2. Specifications of tests performed 

Test specificationsTest number 987654321
0.5 0.5 0.5 222333The length of the trapped 

air (M)
2.2456 1.7456 1.2456 2.2456 1.7456 1.2456 2.2456 1.7456 1.2456 Input pressure

(atm)

Fig. 3. a) Triangular meshing with a surface of 0.03 m, b) Boundary layer meshing on the walls 
:;��Ta(�(�g� �> ��H�( !��>r\/r��-(b(�(�� !&�( ��J !��>��,�� ��

c) b)a)

Fig. 4. Four-phase coordinates of the air phase, a) 3 m air length, b) 2 m air length, c) 0.5 m air length 
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 �- 77< !�> !&�� �-A �5 O� ( ,� 	� � > !&� �ε−krealizable 

,��A-� �����< & .�enhanced wall treatment 2�% ��0( O�	E

 
1 Academic 
2 Transient pressure-based 
3 Pressure-Implicit with Spilitting of Operators (PISO) 
4 Volume of Fluid (VOF)  
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�> j������,�� � � O� ( �PRESTO �- 77< !� > �� �� !&� �
 � � ,��A-�)Besharat et al., 2018(!� > ��� (& =� < :� �d	� .
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Fig. 5. Test validation No. 1 
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Table 3. Relative error percentage characteristics and RMSE and NRMSE indicators of validation tests 

Test title Relative error 
percentage RMSE NRMSE 

12% Openness in 0.8 seconds 5.49 0.72 0.408
12% Openness in 0.1 seconds 9.81 0.82 0.71

12% Openness in 0.15 seconds 9.48 0.845 0.786
12% Openness in 0.12 seconds 8.75 0.82 0.499
12% Openness in 0.25 seconds 9.67 0.908 0.697
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Fig. 6. Volume Air Phase Contours Test No. 1 
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Fig. 7. Test pressure gauges No. 1 
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Fig. 8. Volume chart of air phase - time test No. 1 
:;�hT�	/B ���	��� &��T4�(& ,��	� 4�(&5{

Fig. 9. a) Indoor Air Pressure Changes Test No. 1 b) Pressure Changes in Body and Drain Valve 
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Fig. 10. a) Volume changes of climate phase - time of non-air tests for inlet pressure 1/2456, 1/7456 and 2/2456 
atmospheres b) pressure-time changes of no trapped air test 
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Fig. 11. Pressure-time diagram a) test number 7,4,1 and no air pressure 1.2456 b) test number 8,5,2 and no air pressure 
1.7456 c) test number 9,6,3 and no air pressure 2.2456 
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Fig. 12. Pressure-time diagram inside confined air a) test No. 7,4,1 and no air pressure 1.2456 b) test No. 8,5,2 and no 
air pressure 1.7456 c) test No. 9,6 , 3 and the absence of air pressure 2.2456 
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Fig. 13. Pressure-time diagram of the pipe and drain valve a) test number 3,2,1 b) test number 6,5,4  
c) test number 9,8,7 
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Fig. 14. Pressure-time diagram inside the entrapped air a) test number 3,2,1  
b) test number 6,5,4 c) test number 9,8,7 
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��"&�T���� !�����	� s��-�T4�(&5 j�SA� �> w�%0( !�� e"� �� 4�(& ��
Table 4. Results of pressure – time diagrams in confined air by test separation 

Test 
number 

Input 
pressure 

(atm) 

The 
length 
of the 

trapped 
air 
(M) 

Pressure 
T=0.0 S 
(atm) 

Pressure 
T=0.3 S 
(atm) 

Pressure 
T=0.5 S 
(atm) 

Pressure 
T=0.8 S 
(atm) 

The outlet 
discharge 
period in 
pipe(s)

The complete 
discharge 
period of 
walls (s)

the pressure 
at discharge 
time (atm) 

the pressure 
at complete 
discharge 
time(atm)

1 1.2456 3 3.96 2.21 2.14 2.22 2.12 2.36
2.11 1.92

2 1.7456 3 4.53 2.82 2.72 2.74 2.16 2.34
2.72 2.27

3 2.2456 3 5.63 3.22 3.19 3.23 2 2.22
3.17 2.71

4 1.2456 2 3.38 2.27 2.22 2.24 2.41 2.62
2.2 1.89

5 1.7456 2 4.22 2.8 2.77 2.72 2.25 2.57
2.68 2.35

6 2.2456 2 5.9 3.32 3.26 3.23 2.07 2.4
3.15 2.51

7 1.2456 0.5 3.36 2.25 2.24 2.24 2.25 2.75
2.2 1.87

8 1.7456 0.5 4.28 2.73 2.73 2.73 2.36 2.45
2.54 2.3

9 2.2456 0.5 5.09 3.24 3.24 3.24 2.14 2.29
3.17 2.724
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