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1. Bubble Flow
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1. Gaussian Process Regression
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1. Buckingham Pi Theorem
2. Random Forest Regression
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Introduction

The solid particle erosion phenomenon in pipelines
and equipment is a major challenge in the oil and gas
industry. In order to prevent sudden failures, costly
maintenance, safety hazards, and environmental
issues, it is essential to predict the erosion rate. The
erosion prediction in multiphase flows is a complex
and difficult task due to interactions of the phases
interface. Churn flow is an important intermediate
flow regime that covers the transition range between
the slug and annular patterns [ 1]. Various models have
been proposed to predict the solid particle erosion in the
elbow in previous research [2-4]. A review of previous
research shows that due to the complex nature and
unstable hydrodynamics of churn flow, no specific and
unique model has been proposed yet to predict erosion
for this flow regime. Also, the models have been
presented so far are based on the mixture properties
of the gas and liquid phases. However, the mixture
properties do not necessarily represent different flow
regimes. In this research, a new model is proposed
to erosion prediction the in the standard elbow for
churn flow pattern conditions. Using dimensional
analysis, the dimensionless groups which governed
the erosion phenomenon in churn flow are derived.
Then, a parametric model is established between the
dimensionless parameters using the Gaussian process
regression technique. The accuracy and effectiveness
of the model are evaluated by comparing the results
with experimental data and previous models. Finally,
threshold erosional velocities in churn flow are
obtained for different operating conditions.

Results and Discussion

Based on the results obtained from Gaussian process,

Accepted: January/28/2020

the erosion prediction correlation is derived in terms
of dimensionless parameters. Taking into account the
particle shape factor, finally, the erosion model for
churn flow is obtained in the form of the following
equation:

_ V.G dp
R DZ — 2.995?10 11F S 1.759R 0.4718 (Y7 \O.5 (1)
G s(—V 7 )" Re,,) (D )

N

In the proposed model, the ratio of the gas superficial
velocity to liquid superficial velocity indicates the
deviation factor of actual properties of churn flow
from the homogenous no-slip properties and its effect
on the predicted erosion rate. Available experimental
data points which cover different conditions are used
to validate the model. It can be seen that the predicted
data are in good agreement with the experimental data.
More than 45% of the data have an error of less than
15%, and more than 80% of the data have an error of
less than 30%. Iso-erosion lines are obtained in terms
of Reynolds number and ratio of superficial velocities.
It is observed that by increasing Reynolds number,
Iso-erosion lines have a decreasing trend compared
to the ratio of the gas superficial velocity to liquid
superficial velocity. This means that constant erosion
values require that as the Reynolds number increases,
the superficial velocities ratio must be decreased.
The effect of the superficial velocities ratio on the
erosion rate is more pronounced for higher Reynolds.
Performance of the model is compared with previous
existing models. For the same experimental data set,
relative error of the proposed correlation is much
lower than other existing models. It can be seen that the
previous models significantly over predict the erosion.
However, the proposed model predicts the erosion rate



on average 1.21 times larger than the experimental
data. These results show the accuracy and reliability
of the proposed model in erosion prediction for churn
flow pattern.

Conclusions

In this research, a new model is developed to predict
the solid particle erosion in standard elbow for churn
flow pattern. Using dimensional analysis, three
dimensionless groups affecting the flow and particle
behavior, including the ratio of superficial velocities,
mixture Reynolds number and particle diameter
to elbow diameter ratio are obtained. Based on the
Gaussian process regression technique, the erosion
prediction model is derived in terms of dimensionless
parameters. The proposed model, considering the
ratio of superficial velocities takes into account
the deviation of the churn turbulent flow from the
homogeneous no-slip two-phase flow. It is observed
that the higher the ratio of gas superficial velocity to
liquid superficial velocity is, the greater the erosion
rate in churn flow is. The results of the model are
validated with experimental data, and its performance
is evaluated by comparison with previous existing
models. Results show that the proposed model can be
used to predict erosion in elbow for churn flow pattern
with high accuracy and reliability. Also, as one of
the applications of the model, the threshold erosional
velocity curves in churn flow are derived under different
flow and operational conditions. From the obtained
results, it can be seen that in churn flow, by increasing

Petroleum Research, 2021(October-November), Vol. 31, No. 119

erosion, the gas threshold velocity is increased, and
the liquid threshold velocity is decreased. Also, for a
certain values for erosion rate and the liquid superficial
velocity, increasing the parameters of liquid viscosity,
elbow diameter and gas flow pressure increase the gas
threshold velocity. However, increasing the particle
size leads to a decrease in the gas threshold velocity
and an increase in the liquid threshold velocity.
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