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Abstract

The major parameters governing the fluid dynamical and thermo-dynamical behavior in the large
pipeline network system are friction loss and the pipeline length. But in local pipeline networks and
relatively short distance pipeline system, secondary loss and the considerations of the moving states of
the fluid machine are also important. One of the major element in local pressure control system is
pressure regulator. It causes the variations of the physical properties in that pipeline system. When it
is under working, the accurate analysis of the flow properties is so difficult. In this study, some
numerical approaches to investigate the critical-flow-characteristics of the pressure regulator have been
done according to the variations of the opening ratio or cross-sectional area and the detail
examinations and considerations of the pressure regulator as a pipeline network elements have been
carried. Finally the flow-flied distributions and critical-flow-characteristics have been presented in detail
and the critical flow phenomena and the relation to the opening ratio or cross-sectional-area ratio have
been studied.
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Table 1 Property values at inlet by each inlet

pressure
Po1[barl Vi Ro1 To1l m1

1.25 93.25795| 0.907327 290.8| 3.029298
1.5 115.4753| 1.065237 292.1| 4.404081
1.75 127.7361 1.22879 292.1| 5.619298

2 133.8391| 1.389746 293.45| 6.658852
2.5 139.105] 1.724131 294.1| 8.586251

3 140.5095| 2.065872 294 1 10.39209

4 139.4594| 2.757523 294.1| 13.76793

6 140.1078| 4.133227 294.1| 20.73263

8 137.8977| 5.525829 294.1| 27.28089
el [m/s], (kg m' kg sl
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Fig. 2 Pressure distributions at Pol = 1.5 bar
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(d) 10%
Fig. 3 Pressure distributions at Pol = 2.0 bar
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(c) 40% (d) 10%
Fig. 4 Pressure distributions at Pol = 4.0 bar
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Fig. 5 Mach # distributions at Pol = 1.5 bar
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(c) 40% (d) 10%
Fig. 6 Mach # distributions at Pol = 2.0 bar
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Fig. 7 Mach # distributions at Pol = 4.0 bar
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(c) 40% (d) 10%
Fig. 8 Temperature distributions at Pol = 1.5 bar
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Table 2 Inlet property values by each inlet
stagnation pressure at each opening ratio

= L == 1 70% Rol Vi MaT T mi

1.5 1.066289|109.1531|0.299231 | 289.8586 |4.166839

2 1.402386|124.5786| 0.34218 | 288.784 |6.254556

(@) 100% (b) 70% 4 |2.787126] 131.152 | 0.360551|288.2781|13.08655

40% Ro1 V1 Ma1l T m1
1.5 1.118079|89.00027|0.243481|291.0677 | 3.56291
~ {,_ = 2 1.4314541100.5314]0.275333|290.4108(5.152131

4 2.846899|107.6081|0.294953|289.9684 | 10.9674

10% Ro1 \A Mai T mi

1.6 1.110792|32.05545|0.087359|293.1411 |1.274566

(c) 40% (d) 10% 2 1.479302|36.65018|0.099914 | 293.046 |1.941047

4 2.956967|38.60934|0.105262|293.0017|4.086991

Fig. 9 Temperature distributions at Pol = 2.0 bar

- Table 3 Outlet property values by each inlet
stagnation pressure at each opening ratio

-:i ~ 70% Ro2 V2 Ma2 T2 Po2
| 1.5 0.762907 |153.7056|0.422833 | 286.3698 | 12298.47

2 0.786811|226.5807|0.632418|278.0691 | 29045.52

4 1.024432|360.3221|1.054119|254.3817|132850.8

40% Ro2 V2 Ma2 T2 Po2

(b) 70% 1.5 |0.758047|135.1668|0.370164|288.0912|9347.127

— a— - 2 0.773648| 188.874 |0.522166|282.5679|19200.84

4 0.879765|354.6083|1.033511|255.5815|96103.39

1.5 0.743825|47.77567|0.129749| 293.313 |1127.297

T — | LY — 10% Ro2 V2 Ma2 T2 Po2

0.746668|72.43683|0.197401 | 292.2629 | 2652.432

i 2
s L o 4 0.761664 |154.9298 |0.425564 | 286.8473 |12649.59

() 40% (d) 10% ool A we] 7hiol
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Table 4 Inlet property values by each opening ratio
at each inlet stagnation pressure

1.5[bar] | Rot V1 Mai T1 m1
100% |1.065237|115.4753|0.317558|288.0805 |4.404081
70% |1.066289(109.1531(0.299231|289.8586 | 4.166839
40% |1.118079(89.00027|0.243481|291.0677 | 3.56291
10% |1.110792(32.05545|0.087359|293.1411 [1.274566
2[bar] Ro1 Vi Maf T1 m1
100% |1.389746(133.8391|0.368073|288.1051(6.658852
70% |1.402386(124.5786| 0.34218 | 288.784 |6.254556
40% |1.431454(100.5314(0.275333[290.41085.152131
10% |1.479302(36.65018|0.099914 | 293.046 |1.941047
4[bar] Ro1 Vi Ma1l T m1
100% |2.757523|139.4594 |0.383434 |288.2378(13.76793
70% |2.787126| 131.152 |0.360551|288.2781 | 13.08655
40% |2.846899(107.6081|0.294953|289.9684 | 10.9674
10% |2.956967|38.60934|0.105262|293.0017 |4.086991

Table 5 Outlet property values by each opening
ratio at each inlet stagnation pressure

1.5[bar] Ro2 V2 Ma2 T2 Po2
100% |0.769062|163.7135]0.450877|284.1468|14110.66
70% |0.762907]153.7056|0.422833|286.3698]12298.47
40% |0.758047|135.1668|0.370164|288.0912[9347.127
10% |0.743825|47.77567|0.129749| 293.313 |[1127.297
2[bar] Ro2 V2 Ma2 T2 Po2
100% | 0.79165 |238.9001|0.667211]276.4089|32758.17
70% |0.786811]226.5807|0.632418(278.0691]29045.52
40% |0.773648| 188.874 |0.522166]282.5679|19200.84
10% |0.746668]72.43683|0.197401[292.2629]2652.432
4[bar] Ro2 V2 Ma2 T2 Po2
100% |1.066558|364.2601|1.064696|254.1001 [145529.8
70% |1.024432]360.3221|1.054119|254.3817]132850.8
40% |0.879765/|354.6083|1.033511|255.5815|96103.39
10% |0.761664|154.9298|0.425564 |286.8473|12649.59
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