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A Study About Critical Flow Characteristics and the Pipeline Network
Modeling of a Pressure Regulator (I)
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Abstract

Since the interior shape of a pressure regulator is complex and the change of fluid resistance at each
operation condition is rapid and big, the pressure regulator can become the major factor that causes big
loss in pipelines. So the suitable pressure regulator modeling by each operation condition is important
to obtain reliable results especially in small scale pipeline network analysis. And in order to prevent
the condensation and freezing problems, it is needed to confirm both whether temperature recovery is
achieved after passing by the pressure regulator's narrow neck and how much amount of low
temperature area that can cause condensate accumulation is distributed by various PCV models at every
inlet-outlet pressure ratio. In this research, the numerical model resembling P company pressure
regulator that is used widely for high pressure range in commercial, is adopted as the base model of
CFD analysis to investigate pressure regulator's flow characteristics at each pressure ratio. Additionally
it is also introduced to examine pressure regulator's critical flow characteristics and possibility of
condensation or freezing at each pressure ratio. Furthermore, the comparison between the results of
CFD analysis and the results of analytic solution obtained by compressible fluid-dynamics theory is
attempted to validate the results of CFD modeling in this study and to estimate the accuracy of
theoretical approach at each pressure ratio too.
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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 Properties at inlet by each inlet pressure
Potl [bar]| V1 [m/s] [Ro1lkg/m ]| Tol {K] |[m1 [ke/s]

1.25 93.25795] 0.907327 290.8| 2.7542383
1.6 116.4753] 1.065237 292.1] 4.028987
1.75 127.7361 1.22879 292.11 5.109075
2 133.8391| 1.389746 293.45| 6.052008
2.5 138.105| 1.724131 294.1] 7.806637
3 140.5095| 2.065872 294.1] 9.448440
4 139.4594| 2.757523 294.1] 12.432145
6 140.1078] 4.133227 294.1] 18.849618
8 137.8977] 5.525829 294.1} 24.803071

Table 2 Properties at outlet by each inlet pressure

Po1 [bar}| V2 [m/s] [Ro2[ke/m]] T2 [K] | Ps2 [bar]
1.25 115.4763| 0.761103] 286.8402 o}
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

348.1543] 0.84202| 257.9579| -1029.71

364.2601] 1.066658| 254.1001] 22820.03

365.3151] 1.604141| 253.5174| 84355.86

IO HW

365.8677] 2.105206 253.323] 141719.4
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Table 3 Properties at Inlet by

1297

inlet total pressure

Pol [bar] Ma V1 [m/s] |Rollkg/m ]| Tol [K]
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 $.330753| 136.8718| 1.419697 292.642
2.5 0.3307563] 136.8716] 1.774622 292 642
3 0.330753] 136.8716| 2.129546 2g2.642
3.438 0.330753| 136.8716 2.44046 292.642
4 (.330753| 136.8716| 2.839395 292.642

[ 0.330753] 136.8716{ 4.259092 292.642

8 0.330753| 136.8716 5.67879 292.642

Table 4 Properties at outlet by inlet total pressure

Po1[barl] Ma2 V2 [m/s] |Ro2[kg/m']] T2 [K]
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 1] 389.9535 0.85614] 256.1418
4 11 389.9535| 0.996091) 256.1418

6 1] 389.8535] 1.404137| 256.1418

8 1] 389.9535| 1.992182| 256.1418
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