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Wet gas flow measurement based on vortex-street and disturbance
wave height dual-mode detection
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Abstract:To address the severe overreading issue in two-phase vortex-street wet gas measurement, this paper proposes an overreading
correction and online phase flow measurement method for wet gas based on the dual-mode detection of vortex shedding and disturbance
wave height. First, a ring-shaped liquid film parameter sensor was constructed based on the conductance method, followed by an
equivalent optimization design and calibration. Subsequently, full-scale flow experiments were conducted on an adjustable-pressure wet
gas annular-mist flow test rig based on atomization mixing. To ensure the stable evolution of the flow pattern under extremely low liquid
hold-up conditions, an impingement-type PJ10 high-pressure atomizing nozzle was coaxially installed at the top of the mixing section.
The experiments covered a wide range of carrier gas conditions and liquid flow rates. By applying a dual-threshold method to the liquid
film thickness signals to distinguish disturbance waves from ripples, the disturbance wave height was accurately extracted and cross-
validated. The gas-phase Weber number and liquid-phase Reynolds number were selected as the dimensionless parameters characterizing
the high-speed gas shear and the viscous dissipation of the liquid film, respectively, to establish correlation equations for the disturbance
wave height and the vortex overreading factor. Finally, a wet gas phase flow measurement model based on an iterative solution approach
was proposed, with the iteration convergence threshold set to 0. 1% . This algorithm achieves rapid and stable convergence within only a
few iterations. The results demonstrate that, after correction, the maximum error of the gas-phase volume flow rate is reduced from

12. 1% to within +1. 0% , with a prediction uncertainty of 0. 61%. For the liquid-phase volume flow rate, 96.2% of the test points are

S H 1. 2026-04-03 Received Date; 2026-04-03
* SEETH . FHRK A RRHAIE4A (62373270) | HK B ARBIASE 4 (52276159) ok s B AR 55 9% ( 3122025062 ) 5 H ¢ Bl



57

R F R T I I Sl R U I 4 e U A 47

controlled within a full scale percentage error of £15% , with a prediction uncertainty of 6.52%. By deeply utilizing the internal flow

information ( disturbance wave height) of the annular-mist flow for overreading correction, the proposed model overcomes the limitations

of traditional methods and offers the significant advantages of simple modeling and excellent real-time performance for online monitoring.

Keywords : wet gas; vortex flowmeter; instrument overreading; disturbance wave height; flow measurement
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Fig. 1 Vortex-conductance dual-mode measurement system
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Fig.2 Dual-mode wet gas measurement model based on vortex

frequency and disturbance wave height
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Fig.4 Liquid film parameter measurement system
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flow experimental setup
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SRR AE AR 9~25 m®/h 1. 0%
T N VR A I 1.7~17 kg/h 2.0%
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experimental setup based on atomization mixing
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Fig. 12 Vortex street overreading prediction results

3.3 EBSNERBETNER

BT B N 00 b T e 152 5 4 Sl il e SCHRAREARY SR )
AEANSRAR T3 12608 SO 5 OR300, G
A B S AEA

1) RAE PASIRIE T.6(0) W s(0) IS p, oy 0
il Moy %%Elfv il b s

2)HEE Q, e =3 600F, /K., K, FIIRHTF 7 2
AT LR FZ B (K, =336 574. 54 m ™) HAERS
AR R IEAHIE, B Q, =0, e 5

3) AR Q, IHEERBIAY U, B We, AR AR (4)
THHE Re, fRAZ(6) HEEHH We, , FRRACAZ(4) #E47
AT

4) 43 RSN 10, = 0,0 /0, <0.1%
AR UREGRE] 1-BR 20 W, Mk ARES o, 75 00, 0]k ) 25
B8 3) ,EEHATHIR 3) ~4) BT, B RS

5) A dJa — YA EE BN SO L R TOAE , R
B U, 5 We, M (4) T Re, , SRR R
W Q, = wDRew,/4p, o

R T PR AR A LR I R 1 S AR SCHR R T
TRV AR 5t 00 5500, BB 4 B 43 2K (liquid volume
fraction, LVF) J A 0. 1%0 ~ 1. 1%, 4341 7 Herp 5 41 gl
AT 0T B SR WSS R | X 4% 2 B 2k AR B0 A2 Ak
RN & 13 s AR 2~ 3 AR B Al 3k 2 i 64 R 18
FESEBRHp ) i T R BRI | AT RE S A SRS
S BE 20 YRIEACBR &, T AR 18 AR [R5 ) (S
ik ASCHRER,

100 -
—=—LVF=0.1%o
—o—LVF=0.2%o
—A—LVF=0.5%o
10 —v—LVF=0.8%0
——LVF=1.1%0
- = = 0.1%W BRI
H
i
®
E [
0.01
0.001 L L —

1 2 3
A H
B 13 AN[RIBOR & & T AR 5% 22 Bk AR 22 Al
Fig. 13 Variation of relative residual with iteration number

under different liquid volume fractions

Pl 14 5% bb T ASORE DA S LS RO A 25, DR
WA ERBUR EZ LVF SR p/p, BIFLEE .

&1 15 #1116 4332zl 7R AR B R 1 A
FLiR 2 (percentage error, PE) FIE A AR & 2w H
1 HEiR 2 (full scale percentage error, FSPE) 4370 , 1R 211
Ba=(7) B, Hd pre R R TNE, exp Frn ELSAE,
TRIASH o B2 TR an =X (8) B, % T AM A FR Ik 2t 93
0,92, 4% 938 45 7E = 1. 0% LA, BT K B A2 B A
0. 61% , FEATE B T 1AM 1t ARG BE K-, XT3 AH 44
TR T, 4 5 PR 4y iR 22 96. 2% AR S FE £ 15%



557 W A A AT I PRl I USAGLIN A 0 U e 53
U, YR AR it shid e rh A T 3 e A8 #
PE, = Qu(i) . —.Qg(l)e_‘p X 100%
2 oM .
& FSPE, = QD = 0D e 0,
= b max[Q(i),,, ]
JLE Uncertaintyog = \/ﬁ; (PEQg)2
- (8)
Uncertainty, = N/ﬁz <FSPE0,)2

P14 SRR SRS BNE A 0 LG R

Fig. 14  Comparison between measured and predicted

gas phase flow rates

4
=P=150kPa Q=18 mh ¢ 1550 kpy 0 =12 mih
3p $P=200kPaQ~18 mih -y 50 kpa 0=15 m/h
- 3
AP=250 kPa () 18 m*/h 5 3
o 250kPa() =21 m*h
5 vP=300 kPa () 18 m¥h * P=250 kPa() 24 m¥/h
“[ eP=350kPa () 18 m*h
IS . S0V SR y L%
- 1 e %5 ra- <‘<i> o ;e
°\d L] m < N >A. A 4«
E OF o ™ * :.*‘v " -“yv °
*v;‘A“‘v PRafN xS O
e T -
-1.0%
,2 -
3+
4 1 1 1 1 1 |
0 0.2 0.4 0.6 0.8 1.0 1.2
LVEF/%o
(& 15 ASORH U PO 152 22 43 A
Fig. 15 Gas-phase flow rate prediction error distribution
40 ¢
® P=150kPa Q=18 mh < p-350 kPa 0 ~12 m*/h
30 ®£200kPaQ=18m¥h . p250kPa Q=15 m¥h
A P=250 kPa () 18 mi/h ® P=250kPa Q;:zl m3/h
50 v P=300 kPa () 18m’h % p—250 kPa 0'=24m’h
& P=350 kPaO 18 m¥h N 0
L e e~ +15%_
L]
10 - n [ A. o
" » e . v >
g of LK 0 P >
BN gy Y2 v
o Sl S . < <« < <
& 10 - @ <
S XK.
20t x ¢ ~15%
30 +
40 1 1 1 1 1 ]
0 0.2 0.4 0.6 0.8 1.0 1.2
LVEF/%0

16 ORI B T iR 22 A

Fig. 16  Liquid-phase flow rate prediction error distribution
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