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Time varying gas flow meter




Flow rate measurement by Shift Method Elnbi=

General geometry

Working Principle:
Flying pulse is transported by flow

S Q= Jf U(x,y)dxdy

. acoustic intensity distribution

N Magnitude of Shift, S

Volume flow rate, Q, is defined as

m1 @ @ Receivers S(y) = j uxy) ;.
c
z I Lir flow By integrating S,
l:’Transmitter f S(y)dy = f J %’y)dxdy

Working principle

Ultrasonic wave flying in the fluid is transported by flow itself to the flow direction Q IS obtained by S distribution
and the path of sharp beam is distorted from straight line. The position of the wave on

the opposite surface is shifted from the right opposite by amount Z (displacement or

shift). The amount of shift reflects the magnitude of the volumetric flow rate, and it is Q = C j S(y) dy

obtained by line integral of the velocity distribution in the flowing channel.
In the cross section of the channel, x is a direction of US flight, z a direction of flow
and y is orthogonal to x. Whatever the shape of cross section, the amount of shift S
depends on the location of y, S(y). Integrating S to y direction gives an areal integral
of velocity distribution U(x,y), which corresponds to the flow rate Q.

Thus, flow rate can be obtained, by measuring the Shift distribution.
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Flow rate measurement b
e

Shift of acoustic intensity aty, S
= line integral of velocity distribution
(local Mach number)

S() = f T ax

Expected magnitude of Shift, S

Air(100kPa, 298K)
c=350m/s,D=0.05m

Qmlkg/h] Q u S [mm]
4.5 0.0005 0.27 0.039
60 0.007  3.61 0.52
900 0.106  54.1 7.7

May 2020

y Shift Method

=

Secondary flow after bend

Spatial distribution of S
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Verification test at straight pipe
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«  Pipe diameter 160 mm Test for
«  Flow rate : 0.03~0.18m3/s Re: 20,000~85,000 Axisymmetric flow
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Schematics of pipes
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CDF Erediction of axial velocity distribution

o Software : ANSYS Fluent, k— model
e InletB.C: const. U=4.9m/s
« Qutlet B.C.: const. P
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axisymmetric

Measurement
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Measurement Plane
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Flow rate‘Single bend)
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Measured flow rate Q,,,,,, [M3/s]

Direction 1

0 0.02 004 0.06 008 0.1 0.12 0.14 0.16 0.18

Reference flow rate Q,,-[m3/s]

slope : 0.91
stdev : 0.00812
max error : 16%

Measured flow rate Q,,.,, [M3/s]

Direction 2

0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18
Reference flow rate Q,,,[m%/s]

slope : 0.95
stdev : 0.00451
max error : -13%
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[m3/s]

Measured flow rate Q,,,..s

Direction 3

0.02 0.04 006 0.08 01 0.12 0.14 0.16 0.18
Reference flow rate O, [M3/s]

slope : 1.06
stdev : 0.00475
max error : 11%




Flow rate SDoubIe bend)

Measured flow rate 0, [M3/s]
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Direction 1

0 002 0.04 006 008 01 012 0.14 0.16 0.18

Reference flow rate Q,,, [m3/s]

slope : 1.058
stdev : 0.00810
max error : 12%

Measured flow rate Q,,.,, [m3/s]

Direction 2

0 0.02 0.04 006 0.08 01 012 0.14 0.16 0.18

Reference flow rate O, [m3/s]

slope : 1.05
stdev : 0.0103
max. error : 19%
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Measured flow rate Q,,,,,, [M3/s]

Direction 3

0 002 0.04 006 0.08 01 012 0.14 0.16 0.18

Reference flow rate O, [m3/s]

slope : 0.95
stdev : 0.0719
max. error : -12%




Expansion section(CFD)
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Flow rate (Expansion)
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(&) ABSTRACT

An ultrasonic flow-rate measurement device and an ultra-
sonic flow-rate measurement method capable of accurately
measuring a flow rate of a fiuid to be measured with a simple
configuration are obtained. A reference-sound-pressure dis-
tribution waveform holding unit (60) holds a reference
sound pressure distribution waveform based on an ultrasonic
pulse emitted from a transmitter (10) and incident on at least
three receivers (20) in a state where a flow velocity of a fluid
(G) to be measured in the pipe (5) is zero. A variable-sound-
pressure  disiribution  waveform  acquisition unit (70)
acquires a variable sound pressure distribution waveform
based on the ultrasonic pulse emitted from the transmitter
(10) and incident on the at least thtee receivers (20) in a state
where the flow velocity of the fluid (G) to be measured in the
pipe (5) is not zero. A flow-rate calculation unit (80) obtains
a shift amount (8), which is a difference between the
reference sound pressure distribution waveform and the
variable sound pressure distribution waveform, and inte-
grates the shift amount (S}, thereby calculating a flow rate of
the fluid (G) to be measured in the pipe (5).
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Flnvbi=

Qflow : Ultrasonic Transient Gas Flow Meter

We have successfully confirmed a new principle of gas flow metering having high precision by knowing a behavior of
ultrasonic pulse in flowing gas (pipe flow). Tested configuration is a @160 pipe and the installation of the meter is
possible at various locations after bent or expansion, where conventional flow meter cannot be applied. Moreover,
sampling speed as well as time resolution is as high as 10Hz and transient flow measurement has become feasible.
We plan to adapt a Clamp-on technology so that the meter might be applied to wider variety of measurement point.

Advantages Gas flow configurations or cases expected
B Flow rate by integrating velocity distribution @ Exhaust gas from combustion engines
® No developed flow is conditioned. @ Exhaust gas of automobiles
® Short entry length at upstream. & Fuel gas pipe line
® High precision is attained independent of flow regime. & Exhaust of factory chimney
B Asymmetric flow is overcome. ¢ Intake and out-fumes of heating facility
® Highly angular-dependent flow. € Equipment using expensive gas

® Complexed geometrical channel flow.

B Fast response

. . Single Elb
® Transient flow is measured. nate :OW .
® Synchronized with external equipment. .
Double Elbow
Next step : N 7
Prototype unit will be made for a target configuration. :TEJ g 7
_A[ Tt ? : ///
We seek for collaboration organizations or companies, * " s
Please contact us, =
This method uses a granted patent and additional Sudden expansion
patent has been filed. ; A
—)_T‘_ ’ 20p, " o

Contact:

FlowBiz Research Inc. A
Mail © kt@flowbiz.jp Fiow&'z






