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1 INTRODUCTION

It is a well-known and recognised fact that the behaviour of flow rate and volume measuring
devices can strongly be affected very by the flow conditions prevailing in their inlet pipe section.
Disturbed velocity profiles caused by pipe configurations such as bends, headers, pressure
regulators and convergent or divergent pipe sections in front of a flow meter can lead to devia-
tions of the meter reading by up to several percents. Consequently, flow conditioners are often
used to avoid such additional sources of error.

This paper reports about measurements with a static mixer and its effect on a disturbed pipe
flow. The static mixer is normally used in the chemical industry for mixing two or more different
components of gas or liquid in a very short time (or pipe length rsp). This property is caused by
an efficient exchange of mass across the pipe. Exchange of mass means also exchange of mo-
mentum, what is one of the main reasons for a fast development of flow. From this we assumed
that the static mixer would be also a good flow conditioner and we want to demonstrate this
here with a comparison with perforated plates.

After a short description of the test facility the test configuration and the flow conditioners under
test are shown. The results of flow profile measurements are divided into three parts:

* the situation without flow conditioner,

« results from different perforated plates and the explanation of the main points of efficiency
using a perforated plate,

» results from static mixer and conclusions from that.

2 TEST FACILITY

To carry out flow profile measurements an automated two-component LDV test facility for air
measurements under atmospheric conditions was used [1] (Fig. 1). This diagnostic test rig
takes advantage of the construction of efficient miniaturised LDV and the use of critical nozzles
for the establishment of gas flow rate measurement of highest accuracy and reproducibility.
The test rig according to Fig. 1 allows to measure in-situ flow profiles across the cross section in
a DN 200 pipe at arbitrary inlet conditions. LDV1 and LDV2 can be traversed perpendicular to
the pipe axis x and can be rotated 360 degrees around the pipe axis. It has thus become
possible to obtain detailed knowledge of the flow characteristics inside the pipe configurations of
interest.
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The heart of the facility is the LDV measuring unit. The connection to the piping to be investi-
gated is realised by a special pipe segment (Fig. 1). Eight windows allow four different profiles
rotated by 45 ° to be scanned. Inside the pipe, each window is made of a glass film to prevent
changes in the diameter and to provide for a smooth inner contour of the pipe. The windows
outside of the pipe consist of plane glass plates to block pressure differences.

Two separated LDV for the two-dimensional measurement of the flow profiles are installed on a
rotating mechanism and positioned face to face on both sides of the pipe, see Fig. 1. Each
miniature diode LDV [2] [3] is mounted on a precise linear traversing bench and can be oper-
ated by a remote control. A linear scan through the pipe diameter is easily done when the
moving tables are driven synchronously.
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Fig. 1: test facility for investigation of installation effects

In Fig. 2 two three-dimensional diagrams of measured axial velocity profiles are shown to give
an impression of the quality of measurements.
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a) result with perforated plate b) result with static mixer

Fig. 2: Measured axial velocity profiles downstream to flow conditioners in Conf. 1 (see Fig. 4)
a) conventional perforated plate (2,5 D distance) and
b) new approach by static mixer (3,5 D distance)



3 FLOW CONDITIONERS UNDER TEST AND TEST CONDITIONS

In this paper not only results of static mixer will be shown. There are also measurements and
conclusions for perforated plates which were published last year [4] to give some feeling to
evaluate the results of the mixer. In Table 1 a summary of all conditioners are given.

Table 1 - Flow Conditioners Under Test

Area Pressure Loss | Thickness or diameters (in
Conditioner | covered Coefficient KpT legnth (in pipe | pipe diameters sketch
[%0] diameters D) | D) and number
of wholes
Mitsubishi 41 2,3 0,135D d; : 35x0,13D
Laws 48 2,8 0,19 D d; : 1x0,2D;
d, : 7x0,175D;
d; : 13x0,15D
(wholes with
phased edge)
short Nova 53 3,9 0,155 D d; : 1x0,19D;
d, : 8x0,165D;
d; : 16x0,12D
long Nova 53 3,9 0,2D
modified 55 4,5 0,125 D d; : 16x0,14D;
Zanker d,: 8x0,11D;
d; : 8x0,08D
static mixer -- 2[,,,/D* Lmx=1and 2D --

Fig. 3: Static Mixer Type Sulzer SMV, produced by Sulzer Chemtech AG, Switzerland
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* The static mixer is available in different lengths. We investigated two of them.




The configurations used for testing flow conditioners are shown in Fig. 4. Because in Germany
the application of turbine meters is very important in measurement of large gas flow rates, our
investigations were concentrated on perturbations given by OIML R-32 [5]. This recommen-
dation defines perturbation tests of turbine meters to evaluate the meter behaviour. Conse-
guently our aim is to figure out the efficiency of flow conditioners in such situations.

In OIML R-32 two different configurations are used and we choose the High-Level-Perturbation
for flow conditioner testing because of the high axial deformation and strong swirl.

In Germany short straight pipe length in front of turbine meters are often required because it is a
guestion of space and expenditure. Going out from this we were interested in applications of
flow conditioners immediately downstream to the perturbations. We started with test configura-
tions Conf. 1 and Conf. 2 in Fig. 4. In Conf. 1 all perforated plates could not improve the axial
profile in short pipe length, that's why we increased the distance between perturbation and con-
ditioner to 2 D (Conf. 2).
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Fig. 4: Test configurations for investigation of flow conditioner behaviour.
Conf. 1: High-Level-Perturbation according OIML R32 [5],
flow conditioner at exit of diffusor
Conf. 2: similar to Conf. 1, but
flow conditioner with 2 D distance to diffusor.

The flow profiles downstream to the OIML high-level-perturbation are shown in Fig. 5. The axial
profile is characterised by a significant asymmetry at a distance of 2,5D to the perturbation.
This asymmetry decreases with length and the location of the maximum rotates around the axis
(due to swirl). At 10D the axial profile is flat, so that the centre velocity is much lower then in the
case of a fully developed flow.

The swirl downstream to such a configuration is very strong and dissipates very slowly. Even at
10 D the strength of swirl is nearly the same as at 2,5D. The longer the distance to perturbation
the more the fluid rotates as a solid body (except the region near to the wall).

It has to be emphasised that there exist a flow separation at the exit of the perturbation. This is
easily recovered if we look to the perturbation. A separation has to occur due to the plate
between the two bends which blocks one half of the diameter. The diffusor after the second
bend is also a reason for flow separation, so an existing separation will still remain. But the
separation is removed 2,5D downstream to the perturbation as one can obtain in Fig. 5.



4 RESULTS FOR PERFORATED PLATES

The results for perforated plates are given here in this paper to give some reference for com-
paring the results of the static mixer. The efficiency of perforated plates were explained more
detailed in [4] last year. In this paper we want to refer to the measurements downstream to
Conf. 1 and Conf. 2 in Fig. 4. The profiles for these cases are given in Fig. 6 (Conf. 1) and
Fig. 7 (Conf. 2). Some of the main results documented in [4] should be repeated here.

In Conf. 1, where the plates are positioned into the separation region of the flow, the axial profile
is worse then without conditioner. The shape of the axial profile is equivalent for all plates.
There are differences in the absolute value of the maximum (what is correlated with the blocked
area of the plate, the higher the blockage the lower the maximum), but the location of the maxi-
mum is always very similar. At longer distances (9 to 10D) the maximum is decreased and
therefore the asymmetry too. The profiles do not yet fit into the limits of +5% deviation to the
fully developed flow given by ISO 5167 [6].

In Conf. 2 (see Fig. 7 for results) the situation is more suitable. At shorter distance to the plates
(2D, what is 4D to perturbation) we have a little bit better situation then without conditioner. The
shape is similar to the case described above, but the values of the maximum is much lower. At
the longer distances (about 9D to conditioner or 11D to perturbation) the axial velocities are
near to the +5% limit, but do not fit always into that.

As it could be demonstrated in [1], profiles as such in Fig. 6b and 7b would be normally suffi-
cient for turbine meters constructed by state of the art. Hence, the +5% limit given by 1SO 5167
[6] is also a suitable criterion for turbine meters to exclude error shifts due to axial profile defor-
mations.

5 RESULTS FOR STATIC MIXER

5.1 Axial Profiles

In Fig. 8 the effect of the mixer on a fully developed flow in a long straight pipe is given, Fig. 8a
(left) for length of mixer L,x = 1 D and Fig. 8b (right) for Ly = 2D. It can be obtained, that the
mixer produces some inhomogeneous flow especially at shorter distances to the mixer. The
profile at 3,5D distance has also some asymmetry. In the case of L = 1D the asymmetry is
not completely removed and the 5%-tolerance band is left to be injured within 10D. The mixer
with Ly,x = 2D starts with a smaller asymmetry and within 10D the flow is nearly back to the fully
developed case.

Fig. 9 shows the profile development downstream to the mixer (with L= 2D) mounted in Conf.
1 (see Fig. 4). This was the worst case for perforated plates (see Fig. 6). Downstream to the
mixer the situation is much more suitable. At 6D the profile would be sufficient to turbine meters
and at 10D the axial profile will fit again in the 5%-tolerance.

There was a big difference in the applications of perforated plates in Conf. 1 and Conf. 2 (Fig 4).
Fig. 10 shows the results in these two situations for the mixer with L, = 1D and L,x= 2D. All
profiles is Fig. 10 were measured at the same distance to the perturbation. For both lengths of
mixers only a slight difference can be obtained. The shape of profile for Ly = 1D as well as for
Lmix = 2D is nearly the same as in Fig. 8 (effect on fully developed flow). This demonstrates that
the mixer is a good isolator, although not optimised yet.

5.2 Tangential Profiles

The ability and the basics for removing swirl due to perforated plates were shown in a very good
way by Laws [7] [8]. The swirl is removed if the plate has a sufficient thickness compared with
the diameter of perforation. The static mixer is a completely different construction and their
effect should be demonstrated here.



Fig. 11 shows results for L.,ix = 2D in a fully developed flow (Fig. 11a) and for the OIML pertur-
bation (Fig 11b). Here one can obtain that at distances more than 6D the remaining tangential
velocities are independent to the upstream profile. The remaining tangential components do not
fulfil the criteria of ISO 5167 [6] standard but it is more important that the mixer is a good isola-
tor. There should be enough possibilities to optimise the mixer with this respect.

6 CONCLUSIONS

The measurements of axial and tangential velocity profiles in cases with fully developed and
high disturbed flows demonstrate that the mixer is a good isolator of upstream profiles. With a
length of L,ix = 2D the axial profile is back into the 5% criteria of ISO standard 5167 within 10D
pipe length. The remaining tangential velocities are also independent to the upstream swirl.
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Fig. 6: Flow profiles downstream to Conf. 1 with perforated plates (see Fig. 4)
A: short distance to perturbation (about 2 D)
B: long distance (about 9 D)
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A: Length of mixer Lyx=1D
B: Length of mixer Lyx=2D
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A: in the case of fully developed flow
B: in Conf. 1 (see Fig. 4)
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