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ABSTRACT:

In multiphase flow measurement there may be a need to homogenise the mixture of the three

" phases upstream of the measurement point. This is attempted in many applications by install-
ing a static mixer upstream of the measuring instrument. Most of the commercially available

static mixers are designed for liquid-liquid mixing, and their performance in multiphase flow
is not well documented. On this background Statoil, Agip and Elf initiated a research project
at CMR 1o evaluate the performance of a range of available mixers. The mixing efficiency of
the different mixers with respect to pressure drop, homogeneity, interphasial slip etc. is tested
over a wide range of flowrates and compositions. Reference instrumentation includes high
speed video, isokinetic sampling, gamma density measurement and capacitance cross-
cormrelation velocity measurements. In addition, chemometric analysis has been implemented
for on-line determination of how the quality of the flow develops downstream of the mixer.
The mixing capability of both a V-cone meter and a classical venturi were evaluated. The
presentation will give the background and criteria for the work. The reference measurement
system and the test facility will be described. The development of the evaluation method and
the evaluation test will be described. High speed video of multiphase flow in the test section
will be presented.

1. Evaluation of static mixers for precon-
ditioning of multiphase flow

This paper is a result of a research project completed at Christian Michelsen Research on the behalf of our cli-
ents Statoil, EIf Aquitane, and AGIP. The background for the project is the need for development and qualifi-
cation of new technology for multiphase transport of oil, water and gas in connection with the potential use of
new development concepts for marginal oil and gas reservoirs in the North Sea. One such new technology is
the measurement of multiphase volume flow. Several multiphase meters currentdy under development will re-
quire an upstream mixer, or at least give improved performance when installed downstream of a mixer. 1l is
however not evident that commercially available mixers are suitable for this application.

Our clients engaged CMR 1o evaluate the performance of available multiphase mixers through an extensive test
program, and found the multiphase flow facility at Christian Michelsen Research suitable for the objective of
uch a test programume. The project was completed in winter 1994,

There are several classes of commercially available mixers. A very rough grouping is 10 classify them as either

* static mixers, which requires no energy input, and with no moving parts, or
¢ dynamic mixers, which require energy input, and which generally have moving parts.

A further grouping is as mixers with

» radial mixing effect, that is that they create a homogeneous phase and velocity distributions over the pipe
cross-section downstream of the mixer, or

* with axial mixing effect, that is that they act as a “filter” for phase distributions along the pipe. thereby
smoothening e. g. slug flow.

The performance of a particular mixer can be dependent on both the installation and the application. Typically,
the performance of a mixer can be dependent on if the application
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is in vertical upwards flow

is in vertical downwards flow

is in horizontal flow )
has fully developed flow at mixer inlet

and on the pipe configuration upstream of the mixer inlet. In addition, the performance of a mixer can be de-
pendent on the applicaton flowrates and phase composition,

To evaluate all types of mixers for a large number of applications would be a very challenging task. as well as
quite time consuming and costly. In the evaluation project described in this paper, the objective therefore was to
concentrate the effort to a limited number of mixing devices for the specific application of installation in verti-
cal upwards flow.

The objective of the project was

1o test and evaluate static mixers for installation in vertical upwards multiphase flow over a wide range of
Jlowraies and compasitions, and for varying inlet flow conditions.

For this purpose there were identified and developed a set of measurement methods suitable for characterisation
of importan: characteristics of a multiphase flow, for example

bubble size distribution

velocity profile

interphasial slip

axial and radial phase distribution

These different flow characteristics were integrated into a reference measurement test section for characterisa-
tion of the multiphase flow immediately upstream and downstream of the mixer. Considering these measure-
ments, the aim was to evaluate the different mixers in terms of homogeneity downstream of mixer. and overall
mixer efficiency. These cbjective measurement methods were also supported by subjective “‘measurements” by
installing perspex sections and using high speed video techniques.

In addition to the actual testing of the different static mixers under various conditions as described above, we
also aimed to give a technical description of each mixer and its operating principle. In the final evaluation. also
operating parameters like pressure drop and operational limits for flowrates and/or compositions were evalu-
ated.

2. Test set-up

A customised tesi section was developed and a data acquisition system was developed on an [BM PC compati-
ble computer. The test section was integrated in the existing multiphase flow rig at Christian Michelsen Re-
search, To implement the on-line evaluation tool, a setup for measuring different calibration quantities off-line
has been developed

This chapler contains a brief description of the tested mixers and a description of the technical implementation
of the different data acquisition systems and how they work together.

2.1. Reference system and model calibration

The on-line evaluation tool was established by relating off-line reference measurements and evaluation methods
to the on-line signals from the capacitance detector pairs. The test section developed for this purpose is shown
in Figure 2.1.
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This test section is placed directly at the outlet of the mixer and the capacitance detector pair arrangement is
aimed at observing how the flow develops in vertical upwards flow at the outlet of the mixer. For reference,
another capacitance detector pair is placed at the inlet of the mixer.

To relate the on-line capacitance detector pair signals to how well the flow is mixed, several parameters are
used. From the on-line capacitance detector pair signals. two very important parameters can be extracted di-
rectly. These are

Cross-correlation velocity, Vy
» Local gas fraction, @

These two parameters are directly linked to the behaviour of the flow. Several other parameters can also be ex-
tracted from the capacitance detector pair signals, like

*  Pemmittivity average value, emean
¢  Permittivity standard deviation, estd
s Permitivity maximum, emax
s Permittivity minimum, emin
s  Permittivity span, emax - emin
* Permittvity signal center frequency, f.
e Permittivity signal whiteness, fy, (fya5 - fimin)
» Power spectrum symmetry, fy, ¢ (fnax - fo) / (€max - fmin))
75D ] - Detector §
2nd sample point and
3nrd pressure tapping
Vieving section
30D Detector 4
1st sampling point and
2nd pressure tapping
1.5D Detector 2 and 3
075D
0D
Mixer under test
Detector |
1st pressure tapping

Figure 2.1  The mixer test section.

The definitions of the variables extracted from the time domain are given in Figure 2.2.
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Figure 2.2 A capacitance time domain signal and the variables extracted from this signal.

The definitions of the variables extracted from the frequency domain are given in Figure 2.3.

These signals are indirectly linked to the phenomena that is studied in this project. The average value, siandard
deviation, maximum, and minimum of the permittivity are derived from the permiutivity time domain signal.
The center frequency, bandwidth, and cut off frequency is derived from the power spectrum of the permittivity
time domain signal.
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Figure 2.3: A capacitance signal power spectrum and the variables exiracted from this signal.
If a mixer creales a well-mixed flow at the mixer outlet, the flow will start 10 develop towards a bubbly or
churny flow shortly after the mixer outlet in a vertical upwards flow. One of the important differences © look

for from mixer to mixer is the time (or distance) it takes before this development becomes significant. The
mixer evaluation test section is designed to monilor these local variations.
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The task of linking variations in all the seven indirect variables to the flow conditions at all test points in the
mixer test section and for all flow rates and flow conditions is time consuming and requires a complex set of
laboratory routines. In addition, the evaluation will be subjective and can thereby be influenced by the operator.

To avoid this, a statistical model relating these indirect variables and a term called radial gas distribution
(RGD) was developed. When developing this model, all the information available from the reference system
was used to relate the on-line signals from the capacitance detector pairs o the RGD, The actual model was
established by the UNSCRAMBLER statistical modelling software package from CAMO of Trondheim in
Norway.

In this way, the evaluation of the indirect vanables is performed by a computer, and the possible subjectivity
included in the statistical model will be imposed equally on ail the mixers.

When using this statistical model, the RGD can be divided in five main categories. These categories are defined
in Table 2.1.
To make this software generate the statistical model, a set of input signals (derived from the permittivity signal)
and the output signal (RGD) must be available. The input signals can be recorded in the laboratory. The RGD is -
not a physical variable and can not be measured directly, hence it must be generated through the modelling
process.

To be able to quantify the RGD, the on-line input signals are

Table 2.1: _ RGD categories. logged for a wide range of flow rates and conditions that
No mix 0.- 20 cover the conditions that are to be applied in the mixer test.
Bad mix 21 - 40 At every single point, a set qf off-line reference data is re-
Fair mix 3. 60 corded. All this information is then presented to a panel of

- experienced scientists, and this panel determines the RGD
Good mix - 61 - 80 for each test point, see also section 2.3 below. This process is
Excellent mix 81100 repeated in two different and independent panels and the

results are combined. This set of RGD values is then used in
the stadstical modelling to generate the model coefficients.

2.2. Evaluation parameters

Each capacitance detector contains a pair of detectors, and the signals from both detectors in these pairs are
cross correlated. The velocity read from this cross-correlation is an indication of the velocity of the large bub-
bles in the flow. In a well-mixed flow, the bubble size should not vary significandy and there should be a ne-
glectable slip between these bubbles and the liquid. Hence. the velocity detected from cross-correlation will be
close to the reference multiphase flow velocity. In a badly mixed flow, the bubble size vartes a lot, and there will
be a slip in order of magnitude meters pr. second between the large bubbles and the liquid. Then the cross-
correlation velocity will be larger than the reference muluphase flow velocity.

The two capacitance detectors in a detector pair are combined 10 generate a better sensitivity in the detector
when the permittivity is measured. The permittivity measurement is used to measure the local gas fraction. In a
well-mixed flow the local gas fraction will be the same as the gas fraction calculated from the single phase ref-
erence meters. If there is a slip, a part of the gas will travel a1 a higher velocity, hence it will stay a shorter time
in the capacitive detector and the local gas fraction will decrease. From this difference in gas fraction the slip
can be calculated.

For the same nominal gas fraction, the measured average permittivity will vary due o the homogeneity of the
flow. If a small change in the permittivity is due to a change in the nominal gas fraction, this may incorrectly be
interpreted as a change in homogeneity,

To avoid this effect, all permittivity variables were normalised versus the permittivity average prior to predict-
ing the homogeneity using the statistical model. The variables extracted from the permittivity time domain sig-
nal 10 be used as inputs to the statistical model are then:

* Eqd=E€54/Emean
*  €mnax = Enax / Emean
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*  €min =€min / Emean
* Egpan= (Emax - Emin) / Emean

The average value of the permittivity is directly linked to the gas fraction, hence it can be analysed by itself,
These normalised values are then relative to the actal gas fraction.

For the variables extracted from the power spectrum, the same rationale is valid conceming the conflict be-
tween the local variations and the nominal set-point for the gas fraction. In this case, the variables are nomal-
ised versus the center frequency. The variables extracted from the power spectrum and used as input 10 the sta-
tistical model are then:

e Permittivity signal whiteness, £y, (fax - fmin) / f©)
e  Power spectrum symmetry, f.s ((Enax - o) / Cmax - fnin)?

2.3. Test set-up and equipment

The test rig used is shown in Figure 2.4, The path through pump 2 and the mixer test section is used in this
project. The tests were performed in oil continuo's diesel oil. The valves at the water and oil outlet were con-
tinuously controlled to provide a constant water cut of 5% in the diesel oil measured by the WIOM (Fluenta
Water In Oil Monitor). The 5% water cut was added to enhance the resolution in the capacitance measure-
ments by increasing the difference in permittivity from the liquid phase to the gas phase. The distribution of the
water in the liquid phase is not an issue in this sidy. The gas used was air from the on site compressor.

To generate two different inlet conditions, two gas injection points have been established. Gas injection point
no. 1 is used o generate slug flow at the mixer iniet when the flow is nor diverted through the vertical loop.
Gas injection point no. 2 is not used in this project. Gas injection point no. 3 is used to generate flow without
slugs at the mixer inlet when the flow is diverted through the vertical loop. When gas injection point 3 is used,
the flow into the mixer has a uniform axial gas distribution, and when gas injection point 1 is used, the flow
into the mixer has a nonuniform axial gas distribution,

All the tests were performed at atmospheric pressure and room temperature.
The instrumentation on the rig is used as reference measurements in this project. The instruments used are:

»  The Fleenta WIOM (Water In (il Monitor) is used as a reference measurement for the water cut
(water fraction in liquid phase).

¢ The ligquid wrbine meter gives the liquid flow rate in m3/h.

¢ The gas murbine meter gives the gas flow rate in m3p.

The mixer test section is shown in Figure 2.1. The electrodes in the five pairs of capacitance detectors have an
internal distance between 32 and 34 millimetres. The sampling probe and the high speed video were used when
gathering information for use when calibrating the statistical model.

A fifth pair of capacitance detector eiectrodes was placed directly upstream of the mixer. The purpose of this
detector pair is to provide a reference measurement’ for the flow condition at the inlet of the mixer. By compar-
ing the signals from the four detector pairs downstream of the mixer with the signals from the detector pair
upstream of the mixer, the development of the flow paramelers when the flow passes through the mixer under
test can be investigated.

All test points in the calibration test matrix were recorded by high speed video. This camera records 200 frames
pr. second, eight imes as many as conventional video. By replaying these recordings at regular speed, the panel
of scientists could view the details of flow and observe the degree of homogeneity in the flow.

The isokinetic sampling probe was used to extract samples of the flow at two radial points and at two axial
positions in the mixer test section during the calibration test. Four samples were taken from the flow at each
flow condition during the calibration test. These samples were extracted

¢ 1 cmfrom the wall at 1st sampling point
s Inthe tube center at 1st sampling point
+ i cm fom the wall at 2nd sampling point
¢ In the mbe center at 2nd sampling point
Christian Michelsen Research CMR-94-A10017
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Figure 2.4: The multiphase test-rig used.
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To achieve isokinetic conditions at the probe point, a suction pump was used to ‘pull’ the sample from the flow.
Obvious outliers collected using this method were discarded.

The details from the video, the sampling results, and all the recorded values from the capacitance detectors
were used as the information basis for determining the RGD during the calibration test.

3. Model verification

To be practically applicable the generated model needs o be properly validated. The validation gives a measure
of how good the model is, and how accurate predictions can be made from the model. To verify that the model
was properly calibrated, a verification test was performed.

Verification of the statistical model was done by running 12 tests covering the valid modei range. Since a refer-
ence for the RGD needs to be known, the predicted objects were selected as repeated test points from the cali-
bration tests. The results are shown in Figure 3.1.

100 -
90 —
80 -
70

50 —e
40 . - [ ] - L4 -
30 - - L4 » - -‘v
20 += 2 -
10 e

Estimated RGD [%]

0 20 40 60 8O 100
Reference RGD [%]

Figure 3.1:  Validation test at the multiphase loop of the multivariate model. Test results of estimated radial
gas distribution (RGD) compared to off-line determined references are shown,

It is observed that the uncertainty of the model is +20% in absolute percentage terms. The radial gas distribu-
tion is a fuzzy quantity whose exact value is very difficult 10 determine. Therefore. the relatively large uncer-

tainty of the estimation most likely comes from the off-line subjective evaluations of the radial gas distribution
during the calibration test. However, the repeatability of the estimations has been found to be good.

4. Static mixer tests

The evaluation of the test results is based on the

e  Gas fraction considerations
»  Slip considerations (related to cross-correlation velocity)
e Differential pressure
e Radial gas distribution based on the statistical model.
Christian Michelsen Research AS CMR-94-A10017
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Table 4.1 Mixer test matrix. For each test point, the software wrote five measure-
ments to file at a 30 seconds’ interval. All measure- -
Liquid flow Gas flow Nominal gas ments written to file are an average over these 30
: fraction seconds. If all these five measurements are approxi-

10 1.1 10 mately the same, the conditions are said 10 be stable.
10 33 25 If they have unrealistic values, or are clearly unstable,
10 - 10 50 . all five measurements are discarded.
10 30 75 The test matrix used is shown in Tabie 4.1,
10 ) 90 90 :
25 2.8 ' 10
25 8.3 25

25 25 50 4.1. Interpreting the

25 100 80

50 5.6 10 data plots
50 17 25
50 50 50

The amount of data to be analysed in this analysis is

:’;(5) 333 ?g extensive. The data have been compressed into a set
S 2'5 25 of three-dimensional plots. The cross-correlation ve-
;5 25 r locity, the gas fraction and the RGD have been plotted

for each of the five capacitance detectors.

Two kinds of plots are used to describe the mixers:

¢  Surface plot. One plot for each capacitance detector pair, with an X-Y plane covering the tested
range of flow rates and compositions. Examples of these plots are found section 4.3.

¢ Mean and standard deviation. A plot showing the development in the different analysis parame-
ters relative 1o the input condition along the pipe downstream of the mixer. An example of these
plots section 4.3.

4.1.1. Interpreting surface plots

If absolute values are used in this kind of surface plot, the plot does not give a good indication of how the dif-
ferent parameters develop downstrearn of the mixer. To improve this, only the plot of the parameter at the
mixer inlet contains absolute values. The rest of the plots are made relative to this value at the input of the
mixer.

For the ideal mixer, the development should be:

e Anincrease in gas fraction
* A decrease in cross-correlation velocity
*  Anincrease in RGD

In addition to this, the information about the pressure loss is plotted in a separate plot. All these plots are gen-
erated for both well mixed and slugging flow at the mixer inlet.

The plots are placed in a vertical series on the page to illustrate the vertical upwards flow. The reiative plots of
gas fraction for the detectors downstream of the mixer have been compensated for the pressure loss across the
mixer. By doing so, a gas fraction increase due to this pressure loss does not favour the mixers with a high
pressure 1oss. '

4.1.2. Interpreting the mean and standard deviation plots

This two dimensional plot shows the development of the parameter relative to the inlet condition along the pipe
downstream of the mixer. The values plotted are the average values, and the error bars are the standard devia-
tion,
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This plot then contains the information about the mixer at all flow rates and compositions. If a mixer influences
a parameter differently from flow condition 1o flow condition, the standard deviation will increase.

4.2. Test data pressure compensations

All the tested mixers generate pressure drop, although this varies a lot from mixer o mixer. This pressure drop
also causes the gas to expand, and this expansion turns out to generate some effects that have to be eliminated,

If the slip is reduced by a mixer, the gas fraction will increase and the cross-comelation velocity will decrease.
and vice versa. The pressure drop over the mixer will also cause the gas volume o increase, and this increase is
ideally proportional to the pressure drop, if the liquid phase is not samrated with gas. Hence, a mixer that gen-

" erates large pressure drop may appear lo reduce the slip, and may get a better evaluation than it deserves. This
effect was removed by transforming the gas fraction measured at detector 2 in Figure 2.1 with respect to pres-
sure to the condition at detector 1, and then make the measured gas fraction relative o the gas fraction meas-
ured at detector 1.

The influence on the cross-correlation velocity due to the pressure loss is more complex. As the gas fraction
increased due to the pressure drop, the total multiphase volume flow rate increased. In this study, the changes
in the flow characteristics were studied, and a change in flow velocity is interpreted as a change in flow charac-
teristics. Hence, the change in flow velocity due 10 gas expansion had to be eliminated from the velocity meas-
urements to avoid misinterpretation of the gas expansion effect. By ransforming the flow condition at the out-
put of the mixer to the flow conditions at the input of the mixer, and then performing the comparison of the
flow characteristics at that flow condition. this was achieved, It was shown that the change in velocity due
gas expansion can be eliminated by the equation 4.1,

- (1-a,)
v, =Y. 4.1)
1-{a.+7%,)
1 P2
where - 'V, = velocity transformed from mixer outlet to mixer inlet

L, = velocity at mixer inlet

o, = gas fraction measured at the mixer inlet
P, = pressure ai the mixer inlet -

P, = pressure at the mixer outlet

In the plots described in section 4.1.1 and 4.1.2. these transformed values of gas fraction and cross-correlation
velocity were used.

4.3. Test data example

Figure 4.1 shows an example of the dala overview plots from an example mixer. As described in section 4.1,
the ploited data in the four top rows are columnwise relative 1o the absolute daia shown in the bottom row.
Hence, in any column, the brown, green, yellow, and blue plot are all relative to the red plot. The gas fraction
and cross-correlation velocity data are compensated both for the static head and for gas expansion effects as
described in section 4.2.
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Figure 4.1: The example mixer performance, with gas injection point 3.

4.3.1. Relative gas fraction, velocity, and RGD development

In Figure 4.2 shows the mean and standard deviation of the relative gas fraction development across the exam-
ple mixer. The standard deviation shown is a measure for the influence this mixer has on the gas fraction over
the different flow conditions tested. If the standard deviation is large, the mixer creates a change in gas fraction
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that is dependent on the flow rate and composition, hence the gas fraction measured is dependent on the mixer
itself. This effect is denoted as uniform or non-uniform mixer performance over the tested flow range.

2

HH
o

'Relative gas fraction

{ | F | |
0 1 2 3 4 5 6 7 8

Distance from mixer outlet {diameters)

Figure 4.2:  Relative gas fraction development downstream of the example mixer with gas injection at point 3.

Figure 4.2 shows a decrease in gas fraction as the distance from the mixer outlet increases, which indicates slip.
Also, the standard deviation is higher close to the mixer, which indicates non uniform performance at this po-
sition over the flow range tested.

In Figure 4.3 the mean and standard deviation of the relative cross-correlation velocity development across the
example mixer are shown. If the standard deviation is large. the mixer creates a change in cross-correlation
velocity that is dependent on the flow rate and composmon hence the velocity at the measuring point is de-
pendent on the mixer itself.

2
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o |
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o
0 T I I I T T T
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Distance from mixer outlet (diameters)

Figurc 4.3:  Relative velocity development downstream of the example mixer with gas injection at point 3.

Figure 4.3 show an increase in cross-comelation velocity as the distance from the mixer outlet increases. which
indicates slip. Also, the standard deviation is higher far from the mixer, whlch indicates non uniform perform-
ance at this position over the flow range tested.

In Figure 4.4 the mean and standard deviation of the RGD across the example mixer is shown. If the standard
devianon is large, the mixer creates a change in RGD that is dependent on the flow rate and composition, hence
the RGD at the measuring point is dependent on the mixer jtself,
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Figure 4.4:

Relative RGD development downstream of the example mixer with gas injection at point 3.

Figure 4.4 shows a decrease in RGD as the distance from the mixer outlet increases, The statistical model is not
calibrated to interpret swirl, so the results from the model may be misleading.

4.3.2. Pressure drop across mixer.

The development of the pressure drop with the example mixer over flow range tested is shown in Figure 4.5.

This figure shows a remarkably low pressure drop over the mixer, although this mixer is one of the devices with
the largest pressure drop among the tested mixers.

(eg) doip NS5

Figure 4.5:

Pressure drop across example mixer.
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4.3.3. Example mixer conclusions

Highlights:

Velocity increase along pipe downstream of mixer

Gas fraction reduction along pipe downstream of mixer

RGD best close to mixer outlet

Heavy swirl at mixer output excludes the mixer from multiphase applications

From the high speed video it can be seen that the example mixer generates heavy swirl. This together with that
the gas fraction decreases and the cross-correlation velocity increases as the downstream distance to the mixer
outlet increases, leads to the conclusion that the example mixer concentrates the gas in the pipe center.

This is the same effect as is utilised for separation in a hydrocyclone. The centrifugal force throws the liquid
towards the pipe wall, and the gas is concentrated in the pipe center. As the gas is concentrated in the center of
the pipe, the buoyancy effect becomes more dominant, which generates an increase in cross-correlation velocity
and a decrease in gas fraction.

The example mixer has the best performance at high gas fractions within 2 diameters downstream of the mixer
outlet. The pressure drop is relatively high with an average of more than 120 millibar and a maximum of 450
millibar,

5. General conclusions

The mixers included in this evaluation have been developed for different applications. The efficiency of static
mixers as a preconditioner in multiphase flow is heavily influenced by the design criteria given in the intended
application. This work does not contain any conclusions regarding the efficiency of the static mixers when used
in the application they are specifically designed for.

In the following, our general experiences with the static mixers we tested are discussed.

5.1. Radial mixing

Using a single static mixer, reasonably good radial gas distribution can be achieved over a limited ftow com-
position range. Our experience is that the influence of most mixers on the slip and the local gas fraction will
change if the flow rate and composition are aliered. Hence, if a mixer is used as a preconditioner for a multi-
phase flow meter, it may be necessary to calibrate the flow meter for the varying performance of the mixer.

5.2. Axial phase distribution

The static mixers have marginal effect on the axial diswribution of the phases. A large body of gas or liquid,
10D or more with only one phase occupying almost the entire cross section, will pass through such a mixer
with the internal mix in the body being modified, but without any interchange of mass with the preceding or
succeeding bodies of flow.

A liquid and/or gas hold-up volume must be introduced in the flow line to improve the axial gas distribution.
This can be done by using a device as developed by FRAMO Engineering or by careful design of the upstream
piping.
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5.3. Pressure drop

The tested devices generated less pressure drop than expected. The pressure drop tapping downstream of the
mixer was placed at a distance 2.5D from the mixer outlet, at which pressure recovery should be completed. In
crude oil environments, the instant pressure drop at the outlet of the mixer could cause boiling, but that effect
has not been studied in this project.

The highest pressure drop recorded during these tests was 496 millibar. The mixer with the lowest pressure
drop had a maximal pressure drop of 44 millibar. We found no correlation between the pressure loss and the
efficiency of the mixer.

5.4. Secondary flow effects

Static mixers generating heavy swirl is practically useless in vertical upwards multiphase flow, due to the fact
that heavy swirl in effect is a hydrocyclone separator. The liquid will be thrown towards the pipe wall and. due
to the large difference in density, the gas will be forced towards the center of the pipe. This gas will then coa-
lesce and form larger bubbles, which will accelerate relative to the liquid and create a large interphasial slip.

Static mixers generating turbulence appears to have a positive effect on the conditions for measuring multi-
phase flow. The plausible cause of this is that turbulence will both split larger bubbles in the flow and reduce
. small bubble coalescence, hence preventing large interphasial slip.

We have not studied the performance of these devices in any other configuration than vertical upwards multi-
phase flow, hence our experiences may not be relevant in other flow configurations.

6. Acknowledgements

The authors would like to acknowledge the contributions from this projects clients, and their representatives in
the project steering committee. The steering committee representatives were:

Ole Pkland {chairman) Statoil, Norway
Agostino Mazzoni AGIP, Iialy

Bermmhard LeMoullec Elf Aquitanc. Norway
Philipe Jouve Eif Aquitane, France

The authors also acknowledge the assistance and inspiration of our colleagues at CMR, and particularly nam-
ing Mr. @yvind Midttveit, Ms. Jannicke Hilland, and Mr. Martin Halvorsen for their contributions 1o the proj-
ecL

7. References

[1] Hjermann S.. Hilland J.. Halvorsen M.. Miduveit @. (1994): Evaluation of Static Mixers as Pre-
conditioners in Muliiphase Flow, CMR Ref, No. CMR-93-F15015.

[2] Hjermann S.. Midtrveit @. (1993): Evaluation of Static Mixers as Preconditioners in Multiphase
Flow, Executive Summary, CMR Ref. No. CMR-93-F15023.

[3] Berntsen H. (1989): Multivariate calibration as an identification method and its relationship to the
extended Kalmanfilter. Proceedings of the 28th Conference on Decision and Control, Tampa, Flor-
ida. Vol. 1 (IEEE, New York), pp. 640-645.

Christian Michelsen Research AS CMR-94-A10017
Open




Evaluaiion of Static Mixers as Preconditioners in Multiphase Flow 16 of 16

[4] . Martens H., N&s T. (1989): Multivariate calibration (Wiley).
[5] CAMO (Computer Aided Modelling) AS (1993), UNSCRAMBLER User's guide. Trondheim, Nor-
way.
{6] Hammer E. A., Hjertaker B. T., and Ahadzi G. (1992); Volume Flow Measurement in Three Phase
Flow, International Conference on Electronic Measurement & Instruments, Tianjin University,
China.
Christian Michelsen Research AS CMR-94-A10017

Open






