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Uncertainty Evaluation of Velocity Integration Method for
5-Chord Ultrasonic Flow Meter Using Weighting Factor
Method

Ho-June Lee, Kwon-Hee Lee, Seok-Hong Noh, Sang-Yoon Hwang,

Young-Ah Noh™
Key Words : Ultrasonic( Z—Qﬂ/) Optimization weighting factor method( 3% 7}527]44)), Chord(3]4), Reynolds
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ABSTRACT

Flow rate measurement uncertainties of the ultrasonic flow meter are generally influenced by many
different factors, such as Reynolds number, flow distortion, turbulence intensity, wall surface roughness,
velocity integration method along the acoustic paths, and transducer installaion method, etc. Of these
influencing factors, one of the most important uncertainties comes from the velocity integration method. In
the present study, a optimization weighting factor method for 5-chord, which is given by a function of the
chord locations of acoustic paths, is employed to obtain the mean velocity in the flow through a pipe. The
power law profile is assumed to model the axi-symmetric pipe flow and its results are compared with the
present weighting factor concept. For an asymmetric pipe flow, the Salami flow model is applied to obtain
the velocity profiles. These theoretical methods are also compared with the previous Gaussian, Chebyshev,
and Tailor methods. The results obtained show that for the fully developed turbulent pipe flows with
surface roughness effects, the present weighting factor method is much less sensitive than Chebyshev and
Tailor methods, leading to a better reliability in flow rate measurement using the ultrasonic flow meters.
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Fig.1 Theoretical velocity profiles used for analysis

Table 1 Parameter values of Salami theoretical flow model

() Modet F

Profile Model n m k A1)
Axi- A 5~13 0 00 0
symmetnc
B 9 -4 40 Osin 0
One peak c 9 .04 40 (67— 1)(1- cos ©)?
D 9 3.3170 05 e %®gine
E 9 % 40 0(1-cos?6)
Two peak
F 9 0.6813 9.0 e ""®gin?0
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Fig.2 The chord locations of OWFM for mounting angles at velocily profile
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Fig. 3 Schematic for velocity integration method

Vcal - il W’zvz (3)
W = Aldd+didi+d,ds—dyd;~dyd,~ dyd;) ~ Bdydydyds + C
! (- d)Xd,— d)(dy + dy)dy + d,)Xd\ + dy)
W — Aldyd,+dyd;+dd;— d\dy—~ d,d, — d\d.) — Bd\d;d,d;+ C
: (l‘_aqz)‘(dz—dl)(d2+d3)(d2+d4)(dz+d5)
w — Alddyt+ddi—did,—d\ds~dyd,~ dyd)) + Bd\dydyd; + C
3 (1—a?;)k(dl‘{‘da)(dz*’dg)(dg_da)(da_ds)
w - Alddy+didi—did;—dyds~dyd;~ dydy) + Bd\dydyds + €
! (1- d&)Xd,+ d)(dy+d )d,— d,)(d,— d5)
W = A(dd,+dyd,— d,dy—d\d,— d,d,— d,d,) + Bd\d,d,d,+ C
s (1 — B)YXd, + d5)(dy + ds)(ds — dy)(ds — dy)
Table 2 The constants used in weighting factors
A 0.337529
B 1.471630
C 0.159216
k 0.180000
Table 3 Measuring locations and weighting factors
Method | Chord |d1(xR) W,
L5 + 0.866000 0081530 |
OWFM 3 0.000000 0.251900
2, 4 + (0.500000 0.331440
1,5 + 0.906179 0.063786
Gaussian 3 0.000000 0.256753
2,4 + (.538469 0.362165
1,5 + 0.866025 0.083334
Chebyshev 3 0.000000 0.245000
2,4 £ 0.500000 0.333333
1,5 + 0947420 0.025332
Tailor 3 0.000000 0.215722
2, 4 + 0.686031 0516423

e

08+

0.2

ao 02 04 06 08 Lo
/R

Fig. 4 Theoretical turbulent velocity profiles for Re=100,000
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Fig. 5 Effect of wall surface roughness for axi-symmetric
velocity profiles
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Fig. 6 Effect of mounting angles for velocity integration methods
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