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PROBLEM STATEMENT

THE PRODUCTION STREAM FROM THE OIL
WELL BORES USUALLY CONTAINS GAS,
CRUDE OIL, WATER, AND PARTICULATE

MATERIALS IN A HIGHLY MIXED STATE. THE
ABILITY TO MONITOR AND CONTROL THE
SEPARATION PROCESSES IS ONE OF THE

CRITICAL ISSUES IN THE OIL AND GAS
EXTRACTION INDUSTRY.




INTRODUCTION

v MULTIPHASE FLOW MEASUREMENT IS A CATCHALL
TERM THAT DESCRIBES MULTIPLE FLUID
COMPONENTS IN A FLOWING STREAM.

v'FOR INSTANCE, WATER AND OIL ARE CONSIDERED
TO BE MULTIPHASE IN THE OIL AND GAS INDUSTRY,
EVEN THOUGH THEY ARE BOTH LIQUIDS.

v TWO-PHASE FLOW IS A DIFFICULT SUBJECT
PRINCIPALLY BECAUSE OF THE COMPLEXITY OF THE
FORM IN WHICH THE TWO FLUIDS EXIST INSIDE THE
PIPE, KNOWN AS THE FLOW REGIME.




To overcome the elementary aspects
of multi-phase flow measurement,
Intended advancements have
provided some solutions to the

problem of Multi-Phase flow
Measurement.




ADVANCEMENTS

I. DISTRIBUTED SENSOR ARRAYS METHOD
FOR MONITORING.

[I. METHODS BASED ON CAPACITANCE AND
CONDUCTANCE SENSORS.

[1I. CAPACITANCE SENSORS BASED METHODS
FOR MEASURING DISTRIBUTION.

IV.TRANSDUCER AND ACCELEROMETER
BASED METHOD USING NOISE-ANALYSIS.

V. VIBRATORY TYPE TRANSDUCER BASED
METHODS.

VI. APPLICATION OF A COMPACT SENSOR
BODY FOR MEASURING MULTI-PHASE
FLOW IN A PIPE.




I. DISTRIBUTED SENSOR ARRAYS
METHOD FOR MONITORING




A novel approach is proposed In

designing sensors and instrumentation for
monitoring and Controlling multiphase

plUbebe uabcu on LIIC bUIIbCIJL
of distributed sensor arrays, embedded
within vital plant components.




OILWATER
MDTURE

ORIENTATION OF PHASES IN A SINGLE CHANNEL




ALL THE PLATES ARE EQUIPPED WITH 54 DETECTION
ELECTRODES, ARRANGED IN THREE ARRAYS. THESE
WERE LOCATED CLOSE TO THE INLET, IN THE
MIDDLE, AND CLOSE TO THE OUTLET FROM THE
PARALLEL PLATE INTERCEPTOR.




ANOTHER METHOD FOR

MONITORING MULTIPHASE
PROCESSES WITH SENSOR ARRAYS

e This method measures an amount of oil in a flow
of fluid at varying depths of the flow of fluid.

e Each of the sensor arrays includes a Capacitance
sensor and Conductance sensor being configured to
respond to a specific capacitance/conductance of the
particular flow of fluid adjacent to the
capacitance/conductance sensor.




A FLOWCHART OF THE ROUTINE
SHOWING THE PROTOTYPE OF SENSOR

ARRAYS METHOD
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THIS METHOD MEASURES AN AMOUNT OF OIL IN
A FLOW OF FLUID AT YARYING DEPTHS OF THE
FLOW OF FLUID.




II. METHODS BASED ON
CAPACITANCE AND
CONDUCTANCE SENSORS




Comment

IN THE MULTIPHASE FLOW, THE MAIN POINT
OF CONCERN IS TO DO THE MEASUREMENT
OF A PARTICULAR PHASE. SEPARATION OF
THE FLOW STREAM INTO THE DIFFERENT

PHASES IS ALLOWING THE MEASUREMENT
OF A PARTICULAR PHASE.
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I[IlI. CAPACITANCE SENSORS
BASED METHODS FOR

MEASURING DISTRIBUTION




THE MAIN POINT OF CONCERN HERE IS
MEASURING MULTI-PHASE DISTRIBUTION
WITH IN A FLOWING PETROLEUM STREAM.

A VITAL APPROACH NAMED AS PETROLEUM
STEAM MEASUREMENT SYSTEM IS
PROPOSED.




SENSING SENSING
20y % MEANS 352_

-.-—im-LmlTw = = - = - - l——ﬂ—

s “Lu -.LL.____“J e ——
% L B _—jﬁ .

3 L.. e

MICE'J COMPUTING ME#NS




v First and second sensors have been
arranged with the cell and spaced at a
predetermined distance apart, sense the
capacitance of the petroleum stream and
provides representative signals.

A third sensor senses the capacitance of
petroleum stream and provides a
corresponding signal.

A fourth sensor senses the capacitance
of the petroleum stream and provides a
Corresponding signal




IV. TRANSDUCER AND
ACCELEROMETER BASED
METHOD USING NOISE

ANALYSIS.




It Is proposed that this technique can be
applied to steam and liquid water flow mixtures
where the signal from an accelerometer

mounted on an external pipe surface Is
evaluated to determine flow rate.




PROCESS FLOW LOOP
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Figure is a closed loop where water is pumped

under pressure through an electric heater,
flashed across a throttling valve and passed
through a test section. The steam fraction is
then condensed, before the water is re-
circulated through the loop.

The loop was instrumented with the necessary

temperature, pressure, and flow (liquid) sensors
to adequately monitor the process and
determine the two phase operating conditions.
Process data was recorded on a personal
computer data acquisition system. The testing
has been expanded to identify those parameters
Important to this measurement.




V. VIBRATORY TYPE
TRANSDUCER BASED METHODS




N this application, the measuring device comprises, fo
measuring multi-phase mixture.

Figure shows an inline measuring device which can be
Inserted into a pipeline for measuring a mass flow rate of
a fluid guided in the pipeline. Figure 9 shows, in a
perspective, side view, an example of an embodiment for
a measurement transducer of the vibratory-type suited
for the measuring device of Figure. The transducer

Includes at least one measuring tube inserted into the
course of the pipeline. An exciter arrangement acts on
the measuring tube for causing at least one measuring
tube to vibrate. A sensor arrangement senses vibrations
of at least one measuring tube and delivers at least one
oscillation measurement signal representing oscillations
of the measuring tube.
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V1. APPLICATION OF A COMPACT
SENSOR BODY FOR MEASURING

MULTI-PHASE FLOW IN A PIPE




v

N petroleum indu ne point of concern I
the determination of characteristic parameters

of a multiphase flow and the individual flow
rates of the oll.

In this application, the system has been
described in the form for measuring
characteristic parameters of a multiphase flow

of crude oil or condensate, produced and/or
Injected water, or natural gas in a transport
pipe, as well as a method that uses the
measured parameters for determining the
Individual flow rates for crude
oil/condensate/water/natural gas.
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The system comprises a compact sensor body
having a substantially circular cross-section,
which sensor body has been located centrally

INnside a transport pipe having a relatively
constant inner diameter and having a circular
cross-section to sense the differential pressure

and calculating phase fractions. The sensor

body will in a first variant form a coaxial sensor
wherein the flow has been transported INn an
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the inner pipe surface.




Further, the sensor body has been placed
concentrically in relation to the transport pipe.
When the multi-phase fluid flows through the
pipe, a differential pressure will arise between
an area upstream of the sensor insert and the

area midway on the sensor insert, due to the
cross-section area narrowing caused by the
Insert.




Conclusion

- Several novel approaches for multi-phase flow monitoring
and measurement have been presented. The first

approach is based on distributed sensors that can be
mounted on plates inside the gas-oil separators, or using
special submergible structures.

In a second approach a capacitive sensor array mounted on
a special pipe section is used to monitor multiphase flow.

A third method proposes the use of the characteristics of the
flow noise, measured by a transducer array, to monitor
the multiphase flow.




- A fourth approach uses array of vibrators for the
multiphase measurements.

- The recent advances in microelectronics and in the MEM

technology are expected to lead to many novel approaches
for multiphase measurements.




QUESTION SESSION

Questions should be referred to:
e Haris M. Khalid
 Email: g200702310@kfupm.edu.sa
e Mobile# +966-562479603
e Ground Line# +9663-8678156







