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Three-Dimensional Flow Analysis for Estimation of Measuring Error
oi Orifice Flowmeter due to Swirling Flow
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Abstract

Three-dimensional pipe flows with elbows and tees for four different pipe fittings are calculated to estimate the effect of
swirling flow on measuring accuracy of orifice flow meter. It is evaluated how the pressure difference across the orifice
is dependent on the length of upstream straight pipe in a branch and how swirl intensity, swirl angel and axial velocity
distribution affect the measuring error of orifice flowmeter. From the results, it is found that, regardless of flow rate
specified in this calculation, the effect of the straight pipe length can be neglected for the lengths larger than thirty
diameters although there still remain significant swirl at the orifice
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(a) Full shape

(c)Line 61B (d) Line 61C

Fig. 1 Geometric structures of pipe system for case 1
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Table 1 Pressure differences according to straight pipe lengths for

case 1
. Straight pipe

Re Line Length dp exp dp cal
10D 199
30D 201

Ix10° | 61A 181
3.7x10 65D 201
100D 201
10D 335
30D 338

s | 61A 306
4.8x10 65D 338
100D 338
10D 49
30D 496

5x10° | 6IA 454
3:3x10 65D 496
100D 497
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Table 2 Pressure differences according to straight pipe

Table 3 Swirl decay parameters

lengths for case 2-4
dp cal
Case dp exp D .

resent 100D Difference
length (%)
(22D)

2 156.7 1430 148.5 0.3
(53D)

3 3209 3166 311.3 1.7
{(62D)

4 2131 2121 2114 0.3
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Fig. 5 Decay of swirl intensity
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Fig. 6 Variation of swirl angle along the downstream
(case 1, 61A line)
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