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Abstract

With the continuous development of the natural gas industry, the measurement of natural gas has
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become particularly important, and the factors affecting natural gas measurement are complex
and diverse. Among them, the problem of gas measurement compensation caused by orifice plate
loading and unloading has always existed. The experimental results show that during the pipeline
transportation of natural gas, equipment aging, pipeline corrosion, and impurities inside the pipe-
line can contaminate the surface of the orifice plate, resulting in low orifice plate measurement. It
is necessary to clean the orifice plate, but the gas supply cannot be stopped when the orifice plate
is removed. During this period, the flow rate cannot be measured, which will cause economic dis-
putes between users and enterprises. Therefore, this article explores in detail the calculation
methods and application effects of compensation coefficients under different working conditions
through theoretical analysis, digital simulation, and experimental verification. During the re-
search process, not only were the direct effects of temperature and pressure on flow measurement
studied, but also a calculation formula for the flow compensation coefficient Zeta was fitted and
verified in field experiments. The research results indicate that by calculating and applying rea-
sonable compensation coefficients, the measurement accuracy of natural gas flow meters can be
significantly improved. This has important guiding significance for the development of the com-
pany’s own interests.

Keywords

Natural Gas Metering, Numerical Simulation, Compensation Coefficient

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 3]

RANSAE B it A0 B N Re R T3 5 LU PO ZE T, iR4E ST 2020 4 2 A RE A7 B E RIS E
300 123775 K, AR T 2019 4F 296.7 4237 75 K= B3N 3.3 1230 77K, 43 KL 1.11% [1] [2], KRS
ek Oy BRTREEERE L —. BAE 70 F4[3], BEREERCELHGBMAHARRET, 27
90 fEARHE P P BT I 4R 24, WWaeit, e MEFLBIR E v R O 2k 3 80% LA . FLARRE T
FERHEREMF R, 2R, FHRK, MK, AR E TR — 8, F2AaR
JEARK, IR F AR, FLIRCEE IR R TCIEAMEE A2

AR E T IE® T T, RIRKE VR etER, SRS TENT AT R —A 5 i S m U, (e fd
SRRSO, FHAEASFUARET G 2 A= AR R 22, A BE 9 s B AR A 3G K, LR A i s 22t il
ZARR, NI AT 5 e 22 28 A B AR [3]-[ 7], BN T 38 h i A e TR as I oA s = AR O &
7%, TIEIERMERIN KRR S RIS AT IS T & B B BA & F R RS, RIS X TAEE BT
BV 5] H— N UE R T 1 AR R BDFLRCRME R AL, 3R DLSF 38R I R AR SR = AT 35 s (1]
K EAE N R AN EREAMEE, T2, BURXT LRI & TR FLARIE ¥ B 18] () AR 8 1T = R = 3 AT
BIE. 2RI, *MZERIBEAREZ K, —HLUR&ZF A FWN[8]. #MERET R IA T ZA, XKR
BIRARAF IR AN TE G, BRIk, XMz REGHATIE 7SS, #he AR R L2,

2. FLARRETNEE SO
AR SUN, PAEYRARS, @i ReE P E S T R oA, IR A SRS e A T
2% GB 50251-2015 (ML TR MyE, ARWF:

][l

DOI: 10.12677/pm.2024.148317 188 IR


https://doi.org/10.12677/pm.2024.148317
http://creativecommons.org/licenses/by/4.0/

B A

0.5
2 _n2\ps
q = 0.03848{M] )
AzdTL
e
05
q, =0.03848 LPE - pi (L aah) Jo° @)
zszL{u;‘LGl(hi + hi_l)Li}
i=1
PLA
0.5
_ x| d(pf-p;)D° .
=7 AZTLR,
%)

0.5

x| d [ pi - p;(1+ aAh)J D° @
On = -
4 zszR{uZ_Z(hﬁhi_l)Li}

i=1

L q—MAEEERBRRE, m¥s; qn——ERE, ko/s; pr— A EEITHEERNESE T, Pa;
pr——HIREE T H N SR T, Pa; D——E W&, my A—BEEH 1 REG 2—— RBAEGEH T
Ke——4 =M, mm; d—— RN, T—WEERFHEE, K L—RAEER
WHEHKE, m; n——HEENTLM S BE: Ah——FHrSEESBM& IS EAME~E, m; h—%
B SRR, my hi—— & BOR S AR S, my L—— 80 BIKE, m; Ra——Z A AME L
a——&%, 1m.

YT 4R ZHOE BRSNS, BB EERE N X R, SR E s SusE] 7 105~107. — T
LB T BERR ) P X, AN S A IS PE VR A PR IX, 30T J R U i K 2 AR K i X .

2.1. BB

1. R C
i i 2% C 1] Reader-Harris/Gallagher (1998) 2 i it4[9]:

5 5\07 5 \03
C =0.5961+0.02615° —0.2613° + 0.000521(%] +(0.0188+0.0063A) 8*° (%}
D D

®)

4

4
+(0.043+0.080e **+ —0.123¢ 7" )(1—0.11A)1 A ~0.031(M; -0.8M ") g*°

Xh: p——dID, EARH; Reo——H WG Ly (Sl/D)——FUAk b il i 21 b i BT 171 A BE 2 Bk DU I

HASH R,
2L
M, = 1-8 4)
190008\
Ae L_ﬂ ] ©)
Rep

DOI: 10.12677/pm.2024.148317 189 S H


https://doi.org/10.12677/pm.2024.148317

B A

Ly (=15/D )——FLHR T Ui s 0 21 R WO 1 (10 BE B9 R DU T8 BLARAS HH 7

W REC 5 Re B, Re 2B RIS CAB/N, RZIMA, FULHH /AR — @, 0 Tk
JERI 2R R, Re 437 L 108 A1 105 DA |

2. KR R e

X SEBREUE R 2, THEEIK KRB AL A W F s

1

1k
£=1-(0.351+0.256 " +0.93ﬂ8)[1—[&j } (6)

e M FLRUR LR R, BRATRER T RHRER, TIENK e (KT %1t e, WESREB
BEZ AR/, PR g A it v A

EXEH, ENEELMNENCHE . REBOC, MR . (HRiah i 2 22 m A TE AR
o AFLRZRAYT T a, MEAPTRN, X R MR ER .
22. RIESRAEHERERRSTH

FUBR R AT Ao, 38 I PR AR AN BRI 0 B fI[10]. BEE SLAGBUDN, 2580, X

VeIl AR PN
SRR T A B T o BRI R AR
h,=Xh; +Xh, ()

hw——7Ck R, BN
Xh ——IHFE LT ) A
Xh, ——JRHIELI A

ERARAERE T, KRR TIRRE, R FUT SRR 7 4 5 2 R Ly
L v?
d2g

=g ol 3 DiTe P e [ R S E (1 A bR =S A S o ol il 0= Y TR TS = i
JIH Ko B T i R 2 AR ORI . MR (7) 2K, RSl B A0 ek G B ) P07 ARIE EE o Fh )
W, BT, BB E AR,

I X TS EE B A K Colebrok-White B2 ) 24 SU[LLT AT A9 fitig 24 30, 1228 3UnT T8 it
X, AR RS e i ) 4 3

1 ——ZM( K, 251j ©)

N 37D ReJa
AR, MENZASEWNBNRASMEEER Re, I REm IR, BWHBRELR, A
WIEFEEZNT . WMFIRES T, MESRAE IR 1.5~1.7 K TRER. Hit, BUHALR)G, HEkiy
K.

3. BUERMGRS

ARSCRFATHSE B V2 fE  k-efi B[ 12]. A ALE M, BAEEREE, 2 LERS &
WAL, it FLUENT &7 58, 4% DN100, iE1T7 KRS JE S 1 MPa, BT EIBRS], Y5k
SEK S0 m, FEETFANLA 0.5 mAbEAFLIR . EFFLRE N 10 mm, FFFLA 34 mm. Wik 1. & 2 By

7N

h, =24 (8)

DOI: 10.12677/pm.2024.148317 190 S H


https://doi.org/10.12677/pm.2024.148317

B A

contour-4
Static Pressure

1.00e+06
9.91e+05
9.83e+05
9.75e+05
9.67e+05
9.59¢+05
9.50e+05
9.42¢+05
9.34e+05
9.26e+05
9.18e+05
9.09e+05
9.01e+05
8.93e+05
8.85e+05
8.77e+05
8.68e+05
8.60e+05
8.52e+05
8.44e+05

8.35e+05
[ pascal ]
0 1000 ()

Figure 1. Pressure distribution diagram of non perforated plate

1 EFRENSHE

contour-4
Static Pressure

1.00e+06
9.93¢+05
9.85e+05
9.78e+05
9.71e+05
9.63e+05
9.566+05
9.480+05
9.41e+05

9.18e+05
9.11e+05
9.04e+05
8.96e+05
8.89e+05
8.81e+05
8.74e+05
8.66e+05
8.59e+05

8.51e+05
[pascal ]

[ 00 )

Figure 2. Pressure distribution diagram of perforated plate
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Figure 3. Velocity cloud map at perforated plate location
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Figure 4. Velocity cloud map at non perforated plate location
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Table 1. Comparison of flow rates between orifice flowmeter and ultrasonic flowmeter
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Table 5. Flow rate before and after orifice plate cleaning
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Figure 5. Relationship between the inner diameter of the
orifice plate and the actual compensation coefficient
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Table 6. Comparison of experimental and computational results
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43.22 2015.30 2014.57 0.9584 2.05E+051.10E-05 14.75 92148 1036.67 1.125 1.138 0.013
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