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INTRODUCTION

The performance of wet gas flow meters could be improved by acquiring a better understanding of the physics that govern the
measurement process. By correctly modelling the pressure drop in a Venturi tube subjected to wet gas flow, accurate
measurement of the gas flow rate can be obtained. Models based on physical constitutive laws could potentially give more
trustworthy results, when applied outside their tested conditions, then purely empirical correlations. A model for the inlet-throat
pressure drop in a Venturi tube subjected to wet gas flow was presented by van Maanen and de Leeuw in 2016 [1]. This model was
further developed and compared with different experimental datasets. The aim of this poster is to present some of the latest model
results.

PHYSICAL MODEL

When writing the energy balance between the inlet and throat — dP —
pressure tap of a Venturi tube, the following can be obtained for
annular-mist gas-liquid flows (g=gas, I=liquid, d=droplets, f=liquid film) /
dpP = E (pg ngAg, + plUszf’ + plUdZAd, ) — Ein + Eqiss o
out / /
This is an extension of the Bernoulli equation where the pressure / Dissipation
losses due to dissipation processes are taken into account. The / ﬁ
dissipation is mainly due to the entrainment of droplets, the drag force
of the gas flowing around the droplets and the friction at the gas-liquid Required model inputs:
interface. Under the assumption of minimum energy, the liquid hold-up - Inlet - throat dP - Surface tension
at the inlet and throat section of the Venturi can be calculated, and the 5 - Fluids densities
above energy equation can be solved iteratively to find the gas flow T TTOSSHIS .
rate that matches the measured pressure drop. - Water cut (WC) ~ Venturi tube geometry

- Liquid flow rate

RESULTS

The major output of the model is the gas flow rate, but also the gas velocity, droplets size, droplets velocity, liquid film height and
liquid film velocity at each location inside the Venturi tube are in output. In the figures below the gas flow rate given by the model
has been compared with the experimental one for three different experimental datasets.

Gas mass flow rate error (%)

> ® Model . ° e Model > e Model
4 —Uncertainty ISO:TR 11583 __ 4 —Uncertainty ISO:TR 11583 ,\\ 4 —Uncertainty ISO:TR 11583
X X
3 . ° T3 . = 3
o - O o ¢4 g
2 " © ° © o 2 '. " . .g d . g 2
[ Q
P I KR T C B EUNS S SN LA e S
8 e 3 ° 3 l! ‘ *% ob oo o 2 ®q & o
51 08 DO S S PR o | F O LA L KT IL B
0 ®01 ¢ 020 o 2,0 ° 'oi ° 02 0i?, 2 4 *%e03s . o‘g . of3

- o - - o

1 :: : °*3 $ o ¥ o £ ¢$ “ £ ¢ o’

_2 () ® o ® ) L(.D‘g-z ° [ ] ® é-Z

3 -3 3

4 -4 s
+ Lockhart-Martinelli (-) Lockhart-Martinelli (-) Lockhart-Martinelli (-)
NEL [2] 20-60 bar, 20°C, WC=0-1, K-Lab 29-90 bar, 40°C, WC=0-1, Natural NEL [3] 20-60 bar, 20°C N2/Eversol D80,
N2/Water/Crownsol D75, D=4", B=0.6, Gas/Water/Condensate, D=5", 3=0.74, D=5", =0.55,
Fryas=1.45 - 5.8, 198 data points Fryas=1.56 - 7.83, 217 data points Frges=1.08 - 4.89, 232 data points
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