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Abstract: Ultrasonic cross-correlation flow meters usingpressure sensors. In literature a bluff body heafh24 -

natural turbulences in a fluid must be calibrat@the
reason is that the most frequent components iflufteare
determined by this method deviating from the averfaw
velocity. The calibration characteristic is nonkneand
depends on the flow velocity and profile, respestiv
This disadvantage can be avoided by small artificia
generated vortices combined with
measurement. In this case the vortices are trageikith
average flow velocity. The detection of travellimge of a
group of vortices between two ultrasonic barrieysctoss
correlation admits the direct determination of thesrage
flow velocity. Furthermore, the combination of vextand

28% of the pipe diameter is recommended [2]. Tlesplt
in big pressure losses. The high sensitivity ofasibund to
all kinds of turbulences in a streaming fluid adnatdrastic
reduction of the bluff body size and pressure lpgsebe
neglected. Further advantage is that the sengitofitthe
measuring system increases with decreasing bluffy bo

cross-correlatiorsize.

For triangular bluff bodies it became apparent tha
advantageous if the tip of the bluff body faces ithitow
and not the flat side as for measurements withspres
sensors. As shown in figure 1 the Strouhal numlieh®
bluff body with the flat side to the inflow S 0.16

correlation measurement results in a self-monitprin increases to,$ 0.32 for the same bluff body turned around

system.

180 degrees. Correspondingly the sensitivity ireesaby
the factor 2. The bluff body diameter was d = 24€8the

Keywords: flow measurement, vortex measurement, crospipe diameter of D = 100 mm.

correlation, self-monitoring system

1. INTRODUCTION

In spite of many advantages ultrasonic gas flowenset
are not generally accepted in the market of flovasueing
instruments. Most of them are operating with uttras
impulses using the principle of time-of-flight

measurement. Vortex frequency measurements upwo no
don't use ultrasound for the detection of frequency

although the sensitivity can be increased up totitmes
and analogue signal processing is very B&syCross
correlation measurements with two ultrasonic besriare
only used in a few cases on account of difficufinsil
processing, misunderstood physics and
calibration. To consider even unsymmetrical flowfpes
multi-path arrangements of ultrasonic sensors Haaen

applied. These disadvantages can be avoided by “B‘?u

combination of cross correlation measurements siitlall
artificially generated vortices.

2. VORTEX MEASUREMENT

In the following a self-monitoring system based on

vortex and cross-correlation measuring method shell

presented. For vortex measurements usually pressu

sensors or the change of capacity of a paddlelatsog
with vortex frequency in the wake of the bluff bodye
applied for the detection of vortex frequency whish
proportional to the average flow velocity. Theyguppose
big bluff body sizes on account of the low sendiiof

nonlinear
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Fig.1. Characteristics of vortex flowmeter with diferent
bluff body arrangement. Bluff body diameter d = 24mm

Only primary vortices are generated in the waké¢hef
ff body. They result in a nearly sinusoidal miadion of
the ultrasonic signal. The sensitivity E referritg the
number of vortices per meter is defined as

1)

It represents the periodic length of vortices.Ha tase of
fllgt side facing the inflow the sensitivity can described

as E=77d"°. The characteristic is shown in figure 2 [3].



symmetrically distributed vortices are generatedctvitan
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Fig.2. Sensitivity E as function of bluff body heibt d between two ultrasonic barriers. The transit tirhia group

. . . : . of vortices in the cross-correlation function cepends to
For .b_quf bc_)dles W'th_ Ege tp facing the inflow the the average flow velocity. Measurement results shiosv
sensmwty_ 1S E=2238% Figure 3 shows this superiority of this method to the measurement dfinad
characteristic. turbulences in the fluid without bluff body. Conseqtly
the uncertainty of the new method decreases in aosgn

to the conventional method, figure 5.
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Fig.3. Sensitivity E as characteristic of bluff bog height d

3 CORRELATION MEASUREMENTS Fig.5. Uncertainty of measured velocity with and wthout bluff body
In conventional cross-correlation measurements the The combination of vortex and correlation measuring

flow velocity is determined by the time shift oktppeak of methods results in a self-monitoring system becabse

the cross-correlation function between two ultrason two measuring systems are independent of each.dther

barriers. The deviation of this method from the | reaone method fails the other method continues working

average flow velocity is mostly explained by the

measurement of the difference of a line integraltted 5. MEASUREMENT RESULTS

ultrasonic beam to the area integral of the flowhia pipe.

But this hypothesis presupposes that the distabudf the

velocity components is symmetric and is describgdab

The measurement set up is shown in figure 6.
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Gaussian normal distribution. Experiments have show -— -
that this distribution is skewed so that averagieievand = A m — |
the most frequent value (modal value) are not idaht  Inflow =y gy
Examinations have shown that in correlation g Measurement Tsiaightener RO an
measurements only the modal value is determinedt Th =
[a)

means that the velocity of the most frequent flalogity
components in the fluid is measured which depemdthe
velocity dependent flow profile. This is the real
explanation for the deviation from the average flo
velocity and shows the necessity of calibration [4]

Fig.6. Measurement set up

easurements have been made in a pipe with 100 mm
diameter. The length of the pipe was 5 m ensuring a
stationary turbulent flow with fully developed floprofile.

4. COMBINATION OF VORTEX AND The distance betwe_en the two ultrasonic barriers 9@1
CORRELATION MEASUREMENT mm. The gas was air of 1 bar pressure. The flowoisi
range was 2 — 25 m/s corresponding to Reynolds eumb
The disadvantage of calibration stated above can kfeom 13000 to 163000.
avoided by a combination of vortex and cross-cati@h
measurement, figure 4. In the wake of a bluff body



Fig.7. Cross-correlation function of gas flow at v2 m/s.
Dash line: with bluff body; solid line: natural tur bulent flow

Figure 7 shows the measurement result for a flow

velocity of 2 m/s with (dashed line) and withoutifblbody
(solid line). The time shift of the peak of bothrees is
small but clearly visible.The peak of the dashed Ehows
the correct time shift of the cross-correlation diion
representing the average flow velocity. The pedisws
different heights. They represent the similarity thie
pattern between the two ultrasonic barriers instadice of
90 mm.
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Fig.9. Calculated results from cross correlation masurements versus
reference flow velocity

Figure 9 shows the calculated results from measured
cross correlation functions with and without blidbdy.
Especially in the range of higher flow velocitiebet
arrangement with bluff body shows advantages.

6. CONCLUSION

Measurement of velocity of a natural stationary
turbulent flow by ultrasonic cross correlation ftions
result in the determination of the most frequenibeity

Figure 8 shows the characteristic cross-correlatiogomponents in the fluid. On account of a skewedsitgn

functions for a gas flow velocity of v = 25 m/s ftie same
arrangement.

It can be seen that the natural turbulent flow has
higher stability than the vortices in the wake loé tluff
body. It is remarkable that the peak of the crassetation
function
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Fig.8. Cross-correlation function of gas flow at v25 m/s.
Dash line: with bluff body, solid line: natural turbulencs.

with vortices behind the bluff body is clearly lowghan
that of natural turbulences. That shows that thicss are
dissipating more quickly than natural turbulenceghiww
the measuring distance of 90 mm.

distribution of the velocity components in the fluthe
modal value deviates from the average flow veloditys
dependent on the flow profile and the flow velocigor
this reason a calibration of the measuring system i
necessary. Measuring the velocity of vortices, gatee by

a small bluff body, between two ultrasonic barri¢ghe
average flow velocity can be detected directly. The
combination of vortex and correlation measuremeastilts

in a self-monitoring flow measurement system.

REFERENCES

[1] Y. Lin, Signal processing and Experimental Techology in
Ultrasonic Measurement, PhD thesis, University oDuisburg —
Essen, 2004

R. C. Baker,
University

Flow Measurement
Press , 2000.

[2] Handbook, Cambrige

[3] V. Hans, E. v. Lavante, Vortex shedding flow miering using
ultrasound W. Merzkirch (Ed.), Fluid Mechanics Of Flow
Metering, chapter 6, pp. 95 — 110, Springer, Berti, 2005.

F. Schneider, F. Peters, W. Merzkirch, Ultrasond cross
correlation flow meter: Analysis by system theoryand influence
of turbulence, W. Merzkirch (Ed.), Fluid Mechanics Of
Flow Metering, chapter 8, pp. 129-148, SpringeBerlin,2005.

(4]



