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Abstract: [Objective] Vortex precession flowmeters or differential pressure flowmeters are prevalently used for metering wet gas flow at
wellheads in Yan'an Gas Field. However, single-well gas production metering often involves significant errors, and it is challenging to
accurately determine liquid output for individual wells. To tackle these challenges, an experimental study was conducted to investigate
metering rules of gas-liquid two-phase flow and a metering model was developed. This study aims to provide valuable reference for
gas-liquid two-phase metering practices within Yan'an Gas Field. [Methods] Leveraging the characteristics of “under-reading” in vortex
precession flowmeters and “over-reading” in Venturi flowmeters, these two kinds of flowmeters were combined in series. This combined
metering approach was used to conduct a multiphase flow loop experiment using an air-water medium. This experiment focused on
examining the variations in precession frequency and Venturi pressure drop with different liquid volume fractions (LVF) under varying
operating pressures and superficial gas velocities. Furthermore, based on the principle of single-phase flow measurement, dimensionless
parameters that affect frequency signals and pressure drop signals were introduced through a dimensional method. A combined frequency-
pressure drop model for wet gas metering was rationally established, incorporating exponential correction terms for these dimensionless
parameters. [Results] With the increase of LVF, the precession frequency decreased gradually while the pressure drop of the Venturi
flowmeter increased, embodying their respective tendencies of “under-reading” and “over-reading”. The “frequency-pressure drop” signals
became distorted at an LVF exceeding 1%. Through field experiments, the efficacy of the devised combined metering model was verified for

wellhead metering at the on-site gas wells. The resultant gas-phase volumetric flows, attained through a solving process, displayed a
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maximum error of 5.2% and an average relative error of 2.5%. Concerning liquid-phase volumetric flows, the maximum error reached

46.8%, with an average relative error of 15.0%. LVF calculations exhibited a maximum error of 0.15% and an average absolute error of

0.05%. [Conclusion] The proposed metering model that combines vortex precession flowmeters and Venturi flowmeters demonstrates

controllable measurement accuracy when dealing with LVFs below 1%. This range aligns well with the LVF distribution typically observed

in the natural gas from the gas-producing wells in the Yan'an Gas Field. The study outcomes offer valuable technical insights to support the

meticulous management of gas wells. (10 Figures, 3 Tables, 20 References)

Key words: Yan'an Gas Field, combined metering, metering model, precession frequency, pressure drop

&2 AR BRAE 3 v S, B RAL. K2, 1K
P AR AR BEAURURS R AR R GER IR T
i FHEE SR R R PR R R T Z. HT
A 1 3 R A% 48 0 et e i I B T B TR I
TR AR, AT EIRE R, BT R I
PR SRS A B R T E R

AT OC T P TH R BRI TR 2, 2 [
KRBT 308 4 98 O BN EBAR SR 5 E
B TEAH S, & (I H AR, O & R T B
BRSO B HR, TR R, (AR
SR, HLR A BAS B v s @R R AN TR O o S BB
AT, 785 P AN R T R
St SIS AH U B @ HURE 43 B VA B R RN,
i BORE 20 e 28 B TE R MR N Y RRR G
W, A2y D AR S A R, S T e
SOFRIRAR TR @B R EOR, EER AT M
BINE IR E S I ARIBIT S HCZ AR
R, BRI BT R, dg EER
T R A S S B A IR O S B
B, ) UL 4 R o ) R B O R, ALY
W22 5 80 K Z 25 G KR ONSHO AR A, £
AN S T ISR 4 TR R B 1 4F SR AE A
SEAUR VI B RS EEAMEAR Y . GRS R
MR S E TS LR EI TR AR AT
S5y PO S DS PAR T B A4 AR X A
Y, A T3 i B T P i OB 22 I AR A, S A
5 KRG 5 P A T

A _E v 5 U7 s AN R RS A AE T 53 v B A
THE IR Z W K5 . 25 I T B A S IR e it
e BT SR I O I S S e LR BT RAR I
B fi v FA R R R e e TR T 5 S e LR R T A
WRAL G, TR 2K 2 A E ik, 785
HHISC e BURRE T ) 22 AR R = R P e ok Ui i

TR “RAR” Rk, 2SR S
BEAR AR, JFREATIRALSK AR, SR TR AR, LA
WO IE 2 SR AR T R S5

1 ek gt g

1.1 FEHERARE T

Jir@ 4 9 e 9 T — R R P e g Y i i i B
WET MEARARE G, WE T A E R e R
SR A CRIJER R A2 2% ) 38 A I A R A= e i, 70
HH e 28 BRI P AR R T, RS TR O R TR A . IR
A 8 USC A8 BT, R e T T, AR I IR R Y
WA AT HUBLG, Wi it E B, & BTt
P - ZE A FH IR T e — Ve 5 [l 7= A LI P M
TP e e 2 20, e 3k I 3 3 40 26 5 A W Ak U
EITPURIE G R, A S A B ot B % P (R 52
S =< £ 7 /N 1 ) = M B T (R - 7N
HN:

0y=3600 f,/K (1
X Q) NIRRT E, m'/h; £, N BARR 2 AF T
W AR, Hzs K R REL 1m’.

DA b0 SR ERAS O FH T AR A AR . X TR
TR, 7T RATHEK, REWE K,
PATE Bl i i i, of L B3 B A% 3 —J7 i, 4 &
K K, YA B e 7R A S IR TG K, T
T T B I, e T T AT AR S R
T E s, B “RR” MR,

1.2 XEERE

a0 T o 22 NS B W1 i e Y 1
MR SC b BB, B T IR 8 T AR/, T IR e A Ak
WIE BT, RSO AR R R — e R 2, R
TE ST Fr B B A1 I G A A U, S8 R 2
SR IEAT AR B & o X TR A, 22 S R

yqcy-paperonce.org [ 403




202412 H 43 E 124

R E R IEM SRR R, HEEESH. FHoo R

RO RFCHAR R, A B S AT S A ON:

e SNV TICY

Kb 0, WA S B & U 9 0 4 8 5 B IR
kg/h: CHTH BT g EE B HAR L ¢ AIEIKH
T d N BEGEEEAR, mm; pg NS, kg/m’;
Apy NEHITLAAM T SR R E T HUE %, MPa.

DA_F 00 J5 B AN T SRR A R AA . 2 S
BRI ER SRR, hTFRABSHEAK, T
SC BRI U AL G A A i 14 B L B A B A AT A B
S IR, K I A AR A S A T B A I A S IR
MRS, B B R .
1.3 SEFERENE

BRI R S S B E T R A, &
SLAH A TR R D, TS SRR A AR R
o o BRI B R S 1.0 4, R
0.48, I HCh 6 AN, M T 65 ° SCIE B & 1A
FELEL 1.0 2, T 0.5, B A 49 50 mm,
W B4R 25 mmo TEHEEEIR T ST b e B AR
8 T, 5 SR KA Py, RS RAE NIRRT 2= T 1 e
IR 5, o Ad B AR 0 J5 e 4 BB SO B 4R R
(EIRBE NI £, 7630 Fr B R T b e 3 22 R ARk 28,
FA 00 0 S 2% R 1 3 e B RV R AT S 1R
% Apo

| T ek

SO NS W
Wetiei . Syt meops  CERRR
bithiann
E1 mEgtieRREit S EERETHEESITEEWE
Fig. 1 Structure of vortex precession flowmeter and Venturi
flowmeter combination
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0.4 7 50.4 0~10.0% 0~1.55 0.72 193.80
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Fig. 4 Distributions of pressure power spectral density for vortex precession flowmeter at different LVFs
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Fig. 9 Process flow chart of real flow experiment at the wellhead of on-site gas wells
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