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LINTRODUCTION
A new flow metering system using ultrasonic Doppler method (UVP) has been developed by Takeda et al

M 1q this system, a flow rate is obtained by an integration of instamtaneous velocity profile measured by UVP
over a pipe diameter. This system has a many advantages. One s that pressure loss is not caused because the
ransducer can be set outside of the wall and other one is that can be applied to opaque liquid. and so on.
Especially, it is not necessary the process of interpolation or averaging which using other ultrasonic flow meter
because a flow rate be estimated directly by using instamtaneous velocity profiie.

Kikura et al. ™ clarified a characteristic of ultrasonic propagation through the metallic wall and indicated
that a flow rate can be measured from the cutside of the stainless steel when the basic frequency of the ultrasenic
pulse is carefully selected. Mori et al.™ reported the result of a flow rate measurement in the stainless steel pipe
(230A and 400A) which is more realistic configuration. The error rate that obtained by compare a flow rate
measured by this method with that by other flow meter (orifice flow meter and electric flow mater) was less than
0.2% at steady flow condition. Taishi et al. ¥ was indicated that this method has a good sensitivity for a transient
flow rate. Thus, it is suggested that this method can be applied to flow metering system with a high accuracy.

For the realization this method, it is necessary the more information of the accuracy, Especially, it is
necessary that the accuracy that compared absolutely flow rate is obtained. At the NIST (National Institute of
Standard and Technology) in USA, there is the system that can be measured weight flow rate. In this paper we
report the result that compared absolutely flow rate measured by this new method with that measured by weight

flow rate by the NIST standard calibration system.

2.EXPERIMENTAL APPARATUS

The water facility of the NIST standard calibration system that consisis of a reservoir, pump. meter runs
and weight tank is shown in Fig, |. The system is usually operated as a constant flow facility over the test section.
The junction that switches the flow channel to the weight tank or the reservolr is set at the downstream of the test
section. An operation that the junction is switched does not affect to the flow condition. Flaws up to 38m"/min
(10.000gal/min) can be provided and maximum Reynolds number is abeout 4M when the pipe 234mm in
diameter is used. The weight tank capacity is about 20m” and weight of water inside it can be measured. The
method of flow rate measurement is below. Water thorough the test section is stored in this tank in some period
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. Table 1. UVP parameters
Flow P Reynolds Number 400K 2.6M
O St . Transducer 4MHz  IMHZ
o Starting Depth 10lmm  340mm

Channel Distance  2.22mm  1.48mm

Maximum Depth  326mm  340mm

TOX(1MHz) RF gain 44 11

Fig. 2. Test section detail and coordinate system

and a weight is measured. The weight flow rate is obtained as a result that the volume of water stored in the tank
divides by that time. The relative expanded uncertainly for these facilities is 0.12%. The test section has 10.15m
(400in.) length and the pipe diameter is 4=253.75mm (10in.). The measuring region was set a downsiream
L/d=33 from the nozzle exit.

The test section with transducer setting is shown in Fig.2. Two type transducers which frequency of
ultasonic are 1MHz and 4MHz were used. The IMHz transducer was put outside of the stainless wall and the
4MHz one was put on spatial mount made by Plexiglas which thickness is 2Zmm. An inclination angle of 1MHz
is 5 degree and 4MHz 0-20 degree with flexibility. A particle was not used as a reflector in this experiment
because there is enough small cavitation bubble that generated around the pump in water.

J.EXPERIMENTAL METHOD

Experimental procedure was according to the one of the NIST. A simultaneous measurement of flow rate
by UVP and NIST system was examined five times in one running. The average flow rate was determined as the

one that is averaged in each examination. A sampling of

flow rate by UVP was started at the time when the 20 | }
junction 1s switched to the tank and continued over ' "

. N . . i
storing to the tank. The method of estimating flow rate 13 | f

same one as Takeda et al''! has reported. Reynolds
numbers are 400K and 2.6M and the ransducer of the
UVP was used 4MHz and IMHz, respectively. Typical
UVP pararneters are shown in Table 1. A mean velocity
profile of U component was measured to obtain an 0 s0 w00 150 200 250
information of flow condition, This component of Fsnmm)

velocity can not be measured directly by UVP so that it
was measured according to the method of flow mapping.

Velocity{tanys)
g

]

Fig. 3. Mean velocity profile (Re =400K)
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4. RESULTS AND DISCUSSION

4.1 Mean velocity profile
The mean velocity profile in the pipe is shown in Fig.3, The frequency of ultrasonic is 4MHz and the

inclination angle is 12 degree. Reynolds number is 400K As shown in this figure, the velocity measured by
UVP is disturbed by the reflection from the wall of the test section in this experiment so that it is difficult
estimate the flow rate directly. The velocity that 1s measured with the ultrasomic frequency of 1MHz thorough the
stainless steel is disturbed at near side of transducer by reflection such as Kikura et al." reported. However, if a
flow condition is symmetry, a flow rate can be calculated by using half side velocity profile. To obtain an
information of the flow condition, we measured the U-component velocity at various positions. Mean velocity
profile of {/-component is shown in Fig.4. As mentioned above, the reflection is too strong to measure over a
pipe diameter so that a velocity was measured two position which is 0 and 80 degree and the results are shown
only half side from the wall of transducer side to the #/d=0.5. As shown in figure, velocity profite of U.
component is good agreement with that of the 1/7 power law in various positions so that it is suggested that the

velocity distribution m the pipe is almost symmetry.

4.2 Flow rate measurement
As mentioned above, the velocity profile at far side of the pipe wall can not be obtain so that a flow rate is

estimated by using one of near side region at the case of using 4MHz frequency. On the other hand, the velocity

profile can not be obtained at near side at the

case of using IMHz frequency because of the 1.5 l.—' A B

ringing of the stainless steel so that one of far ]

side 15 used to esumate flow rate. Typical

transient flow rate is shown in Figl ]

Sampling interval of flow rate is 72msec. £

Mean flow rate 1s 68.18V/s and standard Q

deviation is  7.3%. Various frequency ) ;

fluctuation can be observed and it has been 0.5 . iﬁgfgii'fzfa %%z:,: ;512 ]

clarified that these fluctuation of flow rate S rorzomatfale. a=10

was good agreement with that measured by — 17 law .

orifice flow meter'®. 0 A O T WY SR
The result of Re=400K that is 0 0.1 0.2 0.3 0.4 0.5

rd

compared flow rate measured by UVP with
that measured by NIST system is shown in
Table I. First column means data name. The
value of second column is the flow rate that
1s measured by using UVP and the value of
third column is weight flow rate by NIST 100
systen:. In this table, seven data sets of

Fig. 4. U component mean velocity
Um 15 bulk velocity that measured by NIST system and

“a” i inclination angle of the wansducer

measurement result that is examined five
times in one experiment are shown. Especially,
the pumber C, the average flow rate is

excellent agreement with one measured by

using weight flow rate and the result is 0.00%.

Abourt other data set as shown the table, the 20
flow rate measured by this new method is
good agreement with the weight flow rate by 0
0 100 200 300 400 500

the NIST system. The error rate i all
experiment is only 0.18%. The result about
more high Rewynolds number (=2.6M) is
shown in Table 2. The error rate 15 a [iltle

Tirne(sec)

Fig. 5. Transient flow rate
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larger than that of Re=d00K because it was measured  Table 2. Flow Rate Measurement

from the outside of the stainless pipe. However, when (Re=300K)
the condition of the seeding is better, the accuracy of DVE ™[5 | Weight

. . . . Average Deviation] GPM L/s | Difference % error
this method is very high as shown in the table. O R Y A K XTI BES hhen
; : e Frvars z ] rom 3z | 1waT tood 020 029%
in this experiment, the inclination angle of 3] %% 3ot 1111090 7004 072 Ryoey
ransducer for IMHz frequency is fixed 5 degree 41 7061 30C UDE 7004 1 067 082%
) = s 7223 312 lnom 7007 036 -0.23%
because we atmed the measurement of high Reynolds |8 6 | 7020 331 {71087 7008 012 037%
. v | 103 a4 |14z 704 025 -0.35%
number. As a result, the reflection was too strong to 8 700 338 |10 70 013 0.22%
. . o} ssm 356 11098 700 015 021%
measure a flow rate, however as shown in a result. it 10 690  a3as Piore  roo7 0.17 0.24%
. ) . . C 11| 7021 337 |} i11382 7023 0.04 C.06%
1s possible that the flow rate measures using half side 21 78 317 lunze 7o | 008 .041%
. A . . 131 7038 339 |iaer 7025 | 043 -019%
velocity profile in this configuration. If we examine sa] 700 340 |11504 7031 1 004 o06%

with flexibility of the inclination angle of transducer, 15] 1006 341 LIEI0 7028 } 012 037%
. D 118 £5.87 azz 111150 7014 0.33 0.48%

it is suggested that we can measure with more high 17 7052 332 pIM38S 7027 | 035 0.21%
18] 8367 335 | 1300 FOn 054 0%

accuracy. 19| es88 321 [rmz2s 7oz | o3z o4sn
20| 7007 320 [iu1373 028 | oie 027

, E 21} 7020 323 |1101.77 €980 | 670  -100%

- 22 €9.97 3.20 1102.62 B985 RIT3| -0.59%
5.CONCLUSION 23] 7003 a3s liiozse eesr | 0% -0Bon
\ : : 24f 700t 331 110285 6357 | 054 078%

A new type flow metering system using e5] 7006 338 | 110320 6950 | 077 -110%
ultrasonic Doppler method has been developed. In | F %] 8976 296 | 110330 6960 | 016 023%
a pp P 27| 6947 319 1110351 6941 GO6 008%
thiz presentation, we reported the result of 2B 682 323 | 110343 6o Lt G16%
e ) 20| 6845 333 (t1io3ss esex | o018 ozew
comparison absolutely fiow rale measured by this 30| 6357  3z2 110344 69 0.04 0.06%
. . G 5 82.96 3.07 110077 69.50 -0.46 D6E%

new method with weight flow rate by the NIST 32§ 6970 321 | 110262 6956 014 0.20%
3 . . 33 63.36 324 10250 B8.57 g.22 G.31%
standard calibration system. 34| BI.54 313 | 110285 69.57 0.03 0.05%

351 68971 3.22 110320  69.50 0.12 0.17%

In this experiment, the pipe flow of NIST
system is symmetry that is fully developed so that a
tlow rate was caiculated using by half side velocuy
profile because velocity profile of another half side
was disturbed by the reflection. The result of

Average | 70.03 6.13 1108.10  69.9¢ -0.13 «5.18%

Table 3. - Flow rate measurement
{Re=2.6M)

uve (L5 T Weight

Re=400K 1s very good agreement with the flow rate Aversge Deviation] GPM  t/s | Difference %error
L . A 47535 26,66 | 7485084 47224 | -atr  -066%

measured by the Wﬁlght flow rate. The error rate in all 478.06 25.45 748560 472.22 -5.85 1.24%
47530 2560 | 749420 47275 | 234 -0.50%

474.44 26,95 | TAIRS4 47180 -2.65 0.56%

experiment is only (.18%. The result of more high
47201 26.38 | 748313 47206 0.05 0.01%

Reynolds number (=2.6M) is a little farger than the
result of Re=400K because it was measured from the Average] 47499
outside of the stainless pipe. However, when the
condition of the seeding is better, the accuracy of this method is very high about 0.6%.

As mentioned above, it is indicated that this new type flow metering system using by UVP has very high
accuracy. And this method 15 multipurpose system because flow rate can be measured under high Reynolds

(A - ¥ B

0.63 748556  4n2.n -2.78 -5.59%

number.
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