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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. Especially,
as there is not enough information to obtain reliable physical property values such as density,
temperature etc. at the downstream of the pressure regulator, It is hard to calculate accurate solution in

the pipeline network analysis. In this study,

some

numerical approaches to investigate the

critical-flow-characteristics of the pressure regulator have been done and the detail examinations and
considerations of the pressure regulator as a pipeline network elements according to the variations of
the inlet-outlet pressure ratio have been carried. Finally the flow-flied distributions, relations and
critical-flow-characteristics have been studied. in detail and the 1D analytic method to analyze critical

pipe flow have been investigated
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Fig. 1(a) Sectional view of grid system of the
pressure regulator model

Fig. 1(b) 3D view of grid system of the pressure
regulator model
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Table 1 Property values at inlet by each inlet

pressure

Po1[barl] Vi Ro1 Tol 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
25 139.105| 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
9l [m/s], [kg m’ kg 3]
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Momentum eqn: dP+ D +pVdV=0 (4)
Energy eqn : CpdT+ VAV =0 (5)
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Fig. 3 Mach # distributions at each inlet pressure
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Table 2 Property values at outlet by each inlet
stagnation pressure

Po1[bar] V2 Ro2 T2 Ps2
1.25 115.4763| 0.761103| 286.8402 0
1.5 163.7135| 0.769062| 284.1468 0
1.75 206.4826| 0.781834| 279.8254 0
2 238.9001| 0.79165| 276.4089 0
2.5 298.6379| 0.818832| 267.4056 0
3 348.1543| 0.84202| 257.9579] -1029.71
4 364.2601| 1.066558| 254.1001| 22820.03
6 365.3151| 1.604141| 253.5174| 84355.86
8 365.8677| 2.105206| 253.323| 141719.4
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Table 3 Property values at Inlet by each inlet
stagnation pressure

Po1[bar] Ma1 V1 Ro1 To1l
1.25 0.257494| 106.5435| 0.91191| 290.8725
1.5 0.308993| 127.9112| 1.074201| 292.0704
1.75 0.326885| 135.2499| 1.244237| 292.5376
2 0.330753| 136.8716| 1.419697| 292.642
2.5 0.330753| 136.8716| 1.774622| 292.642
3 0.330753| 136.8716| 2.129546| 292.642
3.438 0.330753| 136.8716| 2.44046| 292.642
4 0.330753| 136.8716| 2.839395| 292.642
6 0.330753| 136.8716| 4.259092| 292.642
8 0.330753| 136.8716| 5.67879| 292.642

Table 4 Property values at outlet by each inlet

stagnation pressure

Po1[bar] Ma2 V2 Ro2 T2
1.25 0.308| 127.1332| 0.763911| 286.9929
1.5 0.433| 177.9421| 0.771503| 284.4702
1.75 0.528| 215.7932| 0.779546 281.36
2 0.606| 246.2279| 0.788759| 278.0893
2.5 0.748| 300.0441| 0.809109| 271.0328
3 0.884| 349.5154| 0.833502| 263.3194
3.438 389.9535| 0.85614| 256.1418
4 389.9535| 0.996091| 256.1418
6 1| 389.9535| 1.494137| 256.1418
8 1| 389.9535| 1.992182| 256.1418
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Table 5 Critical values at each inlet pressure

Po1[barl T Ro"

1.25 29382.87 254.593 0.249808

1.5 41619.95 255.6415 0.352394

1.75 51040.13 256.0504 0.431464

58937.48 256.1418 0.498046

73671.85 256.1418 0.622557

88406.22 256.1418 0.747068

101314 256.1418 0.85614

117875 256.1418 0.996091

176812.4 256.1418 1.494137

235749.9 256.1418 1.992182
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Table 6 Loss values at each inlet stagnation

pressure
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