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Abstract — Gas pressure regulators in pressure regulating station reduce high-pressure gas in a process

line to a lower. Gas pressure regulators are not flow control devices, they are used to control delivery pressure
only. For the safety of pressure regulating station, it is essential to study flow regime and characteristics
of a safety valves that is connected to a pressure regulator. For this, it is necessary to understand flow
characteristics and the flow rate of upstream component part such as gas pressure regulators in regulating
station. In the present study, numerical analysis of flow characteristics and the mass flow rate of a pressure

regulator is conducted under the several inlet, outlet conditions and open rates. Then, the numerical

result

of the mass flow rate is verified with experimental equation from manufacture of pressure regulator.
Consequently, the numerical result is comparatively good agreement with values from experimental equation.

Key words : pressure regulating station, pressure regulator, safety valve, open rate, computational fluid

dynamics
LM 2 AES G A= BHES st AREg
AW E = Y7o 22k o] Hdr1e] aolvt
AA7EE FF3he AA71A Woll= Ads A 25 R, 719 Hsl 508 S Al i) F
o] ZxEo] Aok L F 7PF Fask Flo] Y79} 02 7t2E WEI U4 WA= b AHEETh
g Holth, A7 AR HEEE el A ety 2 HwiBe] HIket B} 71 A
iate] 12k g B FshEe] wsel #Alglel 23t A NEEs B ASste A2 Al A o
Al HFEAHo g 1-5]. A B0 BY7IA A1 #-E A
122 2} hrgwon99@wm.cau.ac.kr 27F RIS DA EHA 712 Qo] 45EliS

—-99



AYS - =3 -

el YR AFH P& Wl AP A
ARYEA Bk 2L oS Faw Aoz v
93 AeHe.7]

o]Z 9FIM = WA kAW E o|F QoA e kA
o] f5 54 9 F%S A3 Fetstodor & Havt
Atk AA AU7NA ol o= w3 9 o2 247t
o}, 9FE &£4o) 7P A HAMEES Bl #
VTS = 7 A= A Aotk

o PPN T 5ES
[e)

28 a7

wep 2 1ol e
A e a4 4 5 44 A
S 91 Hole) B Al AIE Fahate
o ¥4 % AFRFS YT A - 2T 241 %A

S0 wet Axely 2 AFRE AZs

m oft

ol

I 258 HA7|X| IHE=

B Ao 443 AWAE FH7EFA BEY
A7 o™, Fig. 191 FL71A 9 MFert veht
Atk oM B mle} o] APVIAR FHE
7}29] QFEe 7MPaclx, FYE siAE wE
E1 5 B Adue AYrE Edlo] AgE F &
SE2HH, 219 = 9= 0.85 MPag A3}

SAE 3 ek wheF HAru v o) o] &3

44

U%/q
o] 7|AY, o @Xfo] WSl {§& Ho| 7E
9F=el 0.85 MPa Rt} 5314 =4, 4
] S BZXH(bypass)ZF]
q712 HEste] wjd v gEe H
A71A €T,

AA AA7IA A= Al e A HZ7F o

b

[T ofy
o)
i)

HUOHHE‘?_’
Jo %
N Qe

2

o,

>

Input: 7 MPa

4 g9 9] 899

Output: (.85 MPa

Fig. 1. Schematic of KOGAS pressure regulation station.
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Fig. 2. Mesh generation of Reflux 819 pressure regulator.

Table 1. Boundary condition of pressure regulator.

Abnormal state

Inlet pressure (MPa) 7 7-

Outlet pressure (MPa) 0.85 1.08, 1.5, 2,3
Open rate (%) 25, 50, 75, 100 | 25, 50, 75, 100

Condition Normal state
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Table 2. Simulation condition of pressure regulator.

Solving method Condition

Solver Density based solver

Discretization Second order upwind

Gradient option Green-Gauss cell based

Courant number 5
Standard k-
Methane (CH4)

Turbulent modeling

Working fluid
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Fig. 3. Contour of several properties (outlet pressure
1.5 MPa, open rate 75%).
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Table 3. Numerical results w.r.t outlet pressure (open rate 25%).

Properties Outlet pressure
0.85 1.08 1.5 2 3
Inlet mass flow rate (kg/s) 117.49 118.03 117.03 117.02 116.77
Outlet mass flow rate (kg/s) 114.90 109.74 113.37 112.29 114.19
Inlet velocity (m/s) 79.25 79.62 78.92 78.92 78.75
Outlet velocity (m/s) 63.04 49.03 36.72 28.35 19.53
Mean velocity (m/s) 125.51 113.01 96.65 73.38 52.08
Inlet temperature (K) 298.46 298.45 298.48 298.48 298.48
Outlet temperature (K) 302.21 308.01 300.27 299.81 304.68
Mean temperature (K) 294.07 297.99 294.27 296.42 301.12
Inlet density (kg/m?) 44.89 44.89 44.89 44.90 44.90
Outlet density (kg/m°) 6.08 7.40 10.29 13.52 49.64
Mean density (kg/m?) 14.44 1531 17.34 19.74 24 .45
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Table 4. Numerical results w.r.t outlet pressure (open rate 50%).

Properties Outlet pressure
0.85 1.08 1.5 2 3

Inlet mass flow rate (kg/s) 131.05 132.44 130.86 130.86 130.49
Outlet mass flow rate (kg/s) 133.20 132.43 127.31 125.31 130.57
Inlet velocity (m/s) 88.75 89.74 88.62 88.62 88.35
Outlet velocity (m/s) 71.96 59.60 40.77 30.69 21.76
Mean velocity (m/s) 128.23 119.87 98.67 79.46 54.27
Inlet temperature (K) 298.07 298.03 298.08 298.08 298.09
Outlet temperature (K) 300.12 300.94 299.46 299.76 299.89
Mean temperature (K) 297.16 391.96 294.36 295.78 298.29
Inlet density (kg/m?) 44.70 44.70 44.70 44.70 44.71
Outlet density (kg/m®) 6.11 7.57 10.32 13.53 19.95
Mean density (kg/m®) 35.82 14.93 16.87 19.28 24.24

Table 5. Numerical results w.r.t outlet pressure (open rate 75%).

Outlet pressure

Properties
0.85 1.08 1.5 2 3
Inlet mass flow rate (kg/s) 136.14 137.18 136.36 136.83 137.44
Outlet mass flow rate (kg/s) 137.48 135.41 135.96 137.83 133.33
Inlet velocity (m/s) 92.41 93.14 92.56 92.89 93.33
Outlet velocity (m/s) 73.83 59.33 43.77 34.13 22.63
Mean velocity (m/s) 123.84 120.44 100.96 86.68 57.60
Inlet temperature (K) 297.91 297.89 297.90 297.89 297.87
Outlet temperature (K) 298.86 304.15 301.14 303.25 305.20
Mean temperature (K) 291.90 295.74 295.38 297.50 301.29
Inlet density (kg/m®) 44.61 44.60 44.61 44.60 44.59
Outlet density (kg/m°) 6.13 7.50 10.26 13.37 19.60
Mean density (kg/m?) 14.99 15.78 17.72 19.87 24.53
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Table 6. Numerical results w.r.t outlet pressure (open rate 100%).
Properties Outlet pressure
0.85 1.08 1.5 2 3

Inlet mass flow rate (kg/s) 136.64 136.77 138.63 136.17 137.26
Outlet mass flow rate (kg/s) 132.75 135.45 128.92 136.22 132.31
Inlet velocity (m/s) 88.88 88.97 90.24 88.56 89.30
Outlet velocity (m/s) 71.11 58.34 42.55 32.95 22.38
Mean velocity (m/s) 124.66 122.88 101.42 82.54 58.16
Inlet temperature (K) 297.92 297.92 297.86 297.94 29791
Outlet temperature (K) 301.60 301.60 311.48 299.63 304.91
Mean temperature (K) 293.69 293.92 301.78 295.91 300.88
Inlet density (kg/m?) 44.61 44.60 44.87 44.61 44.60
Outlet density (kg/m°) 6.09 7.57 9.92 13.53 19.63
Mean density (kg/m?) 14.53 15.45 17.04 19.76 24.32

Mass Flow Rate (Kg/s)
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4. Mass flow rate w.r.t opening rate and outlet pressure.
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Outlet pressure 0.85 1.08 1.5 2 3
Numerical result 132.75 135.45 128.92 136.22 132.31
Mass flow rate
From Pietro Fiorentini® 156.40
Relative error (%) 15.12 13.40 1757 | 1290 | 1540
N
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