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Paradigm shift in modern
flow measurement
and gas flow metering

¢ Revolutionary change by
ultrasonic & laser applications

% Back to the first principle
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Figure 8 Comparison of LDV ([J) and UVP (A) measure-
ments with theory (—)
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Ultrasonic Doppler Method

u(x,t) : One component on one spatial dimension

PIV : particle Identifying velocimetry
PTV : particle tracking velocimetry

\7(;<,t) : Two components on two spatial dimension
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Rotating Cylinder
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‘@;'QEEBOE UVP : Accuracy - Velocity and Position

Velocity profile in a rotating cylinder
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weotZit EIPD — Measurement of flow field —— U( X, t

PIV(Laser) UVP(ultrasound)
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Ultrasonic Doppler Method

Advantages

« Space-time velocity field —— Fluid dynamics

« Opaque liquids

 Efficient flow mapping

> Fluid engineering

. Liquid metal
Food

Flow metering
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Ultrasonic Doppler Method

Advantages

« Opaque liquids

 Efficient flow mapping

« Space-time velocity fleld —— Fluid dynamics

. Liquid metal
Food

> Fluid engineering

Flow metering

13



J0IGRC

Seoul 2011

Paradigm shift
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What physics can be made by UVP?

Methodology information flow
In Fluid Mechanics
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Flow metering

UVP - udFlow - DuoSonic
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Flow measurement (in closed pipes) 70%
Fluids 65%, Gases/mixtures 35%

Volume

Mass

I Direct methods I Indirect methods

Direct methods

Indirect methods

Positive displacement Differential pressure

UVP/udFlow ’

Variable area

Turbine
Vortex
Electromagnetic
Ultrasonic

Insertion devices

Miscellaneous

Coriolis principle

Thermal principle

Weighing systems

Solids type meters

Separate measure-
ment (of Q and p)

Mass calculation
(separate metering of
Q,p,T)

17
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Paradigm shift in flow metering
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First principle

m = plv(x,t) -dA

v(x,t) : 3C3D

(Vx, Vy, V,)
(X,y,2)

18
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Flow rate

m = pJv(x,t) -dA
v(x,t) : 3C3D

(Vx, Vy, V3)
(X,y.2)



‘\.sl 650(1:1 Flow rate measurement

Theoretical in conduit (pipe)

m/p = | v,(r,0,t)rdrdo

~ (nIN) Zi{Jv,(r,0;,t)rdr}

Measuring lines (i) are diameters
at different angles.

20
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Principles

> Ultrasonic
> UVP
> udFlow

100 200

Position (mm)




[ Small pipe ]
d81GRE

Profile and flow rate

File :tp3004.dat

: 3328(Profs)
Angle : 15.0 (deg)
cor. :3.864

FS Q :2.0(Ltr/s)
Time : 300 (sec)

Wall :5

to : 62
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Flow rate measurement using UVP
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Test section detail and coordinate system
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Schematic of the experimental apparatus
- NIST standard calibration system -
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Picture of test section
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PSI-TEPCO-NIST(14,MAY,1999) data:N1037.dat

700
600 |
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0
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L UVP:
A TDX : TMHz
CH-Distance : 1.48mm
100 | Mean Flow Rate : 476.13 |/sec
0 1 1 1 1 1
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Time(sec)

Transient flow rate (Re=2M)
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PSI-TEPCO-NIST(14,MAY,1999) data:N1025.dat

Re=400K

UVP:

TDX : TMHz

CH-Distance : 1.48mm

Mean Flow Rate : 66.18 |/sec

100 200 300 400 500
Time(sec)

Transient flow rate (Re=400K)
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Re=400K

#5 | , )
4 . Run
#:;2 > | ~—| -averaged
#1 1T flow rate
Run —— Time-averaged | |
l A
N
Re=2.6M
!
Re=400K > repeatability
'
Re=2.6M )

Experimental procedure
- NIST standard calibration system -
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Flow Measurement

- Comparison with Weight Measurement -

Re=400K
fo=4MHz
UvP (L/s) Weight Re=400k

File Average Deviation GPM L/s Difference % error

JN190599A | N0324.dat| 70.60 3.25 1109.14 = 69.97 -0.63 -0.90%
N0325.dat| 70.24 3.22 1110.27  70.04 -0.20 -0.29%

N0326.dat|] 70.76 3.01 1110.30  70.04 -0.72 -1.03%

N0327.dat] 70.61 3.00 1110.23  70.04 -0.57 -0.82%

N0328.dat] 70.23 3.12 1110.78 = 70.07 -0.16 -0.23%

JN190599B | N0329.dat| 70.20 331 1110.87 = 70.08 -0.12 -0.17%
N0330.dat] 70.36 341 111142  70.11 -0.25 -0.35%

N0331.dat|] 70.20 3.39 1110.32  70.04 -0.15 -0.22%

N0332.dat| 69.86 3.56 1109.81 =~ 70.01 0.15 0.21%

N0333.dat] 69.90 3.38 1110.72 ~ 70.07 0.17 0.24%
IN200599A | N0336.dat| 70.21 3.17 1113.62  70.25 0.04 0.05%
N0337.dat|] 70.34 3.17 1113.76 = 70.26 -0.08 -0.11%

N0338.dat|] 70.38 3.39 1113.61  70.25 -0.13 -0.19%

N0339.dat|] 70.30 3.40 1115.04  70.34 0.04 0.06%

N0340.dat] 70.16 3.41 111410  70.28 0.12 0.17%

IN200599B | N0345.dat| 69.81 3.22 1111.90 70.14 0.33 0.48%
NO0346.dat| 70.12 3.12 1113.85  70.27 0.15 0.21%

N0347.dat] 69.67 3.25 1113.00 70.21 0.54 0.77%

N0348.dat| 69.88 321 1112.82  70.20 0.32 0.45%

N0349.dat] 70.07 3.29 1113.73 ~ 70.26 0.19 0.27%
JN200599D | N0350.dat| 70.20 3.29 1101.77 = 69.50 -0.70 -1.00%
NO0351.dat] 69.97 3.20 1102.62  69.56 -0.41 -0.59%

N0352.dat| 70.13 3.35 1102.90  69.57 -0.56 -0.80%

N0353.dat] 70.11 331 1102.85  69.57 -0.54 -0.78%

N0354.dat] 70.36 3.38 1103.20  69.59 -0.77 -1.10%

IN200599E | N0355.dat| 69.76 2.96 1103.30  69.60 -0.16 -0.23%
NO0356.dat] 69.67 3.19 1103.51 = 69.61 -0.06 -0.08%

N0357.dat] 69.72 3.23 1103.49  69.61 -0.11 -0.16%

N0358.dat| 69.44 3.15 1103.65  69.62 0.18 0.26%

N0359.dat] 69.57 3.22 1103.44  69.61 0.04 0.06%

IN200599F | N0373.dat| 69.96 3.07 1101.77 = 69.50 -0.46 -0.66%
NO0374.dat|] 69.70 321 1102.62  69.56 -0.14 -0.20%

NO0375.dat| 69.36 3.24 1102.90  69.57 0.22 0.31%

NO0376.dat| 69.54 3.13 1102.85  69.57 0.03 0.05%

NO377.dat] 69.71 3.22 1103.20  69.59 -0.12 -0.17%

Average| 70.03 0.13 1108.10 69.90 -0.13  -0.18%
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Hybrid Ultrasonic Flow Meter = rrontruners

- The world’s first Hybrid
Ultrasonic Flow Meter
combining pulse-Doppler
method with transit time
method

- Real time measurement
of velocity profiles in case
of pulse-Doppler

- Non-intrusive flow
measurement

- Provided by Fuji Electric
Systems Co., Ltd.

2005.3
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Flow metering
Circular pipe

Principle
Q(t) = ”VZ(r,H,t)rdrdé’

— High accuracy
— Transient flow rate
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Multiphase Flow meter

Development of real time measurement of componentwise flowrate on multiphase flow pipe line

Y.Murai, Y.Takeda, Y.Tasaka

Graduate School of Engineering, Hokkaido University
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UVP Software

-

Y

b Flow visualization
mi software
Text file hsdbatinn - Salalallie Tecplot, LabView
input fil
(Input file) Text file
\—r Excel (format) (output file)

LabView

\—5 FORTRAN —T

LabView

“F
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Gas flow metering

Relevance to velocity profile in a pipe



Flow metering of natural gas pipeline by tracer gas pulse injection

MH tH— TR EER

i ek WIOKYO GAS

. '"Div. of Energy & Environment " School of Engineering "™ Hokkaido University - Laboratory for Flow Control
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uGFlow
Ultrasonic Gas Flow meter
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Flow rate (circular pipe)

Q = 27zjv r)rdr

— Measurement of velocity profile
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Q= 27zjv rdr

— Measurement of velocity profile

This is valid for gas too. - UGFlow

51
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22220 Measurement of velocity profile in a pipe

Y :jodz: [v(r) 2= [ m(r)dx

x=0

Y Displacement

N > X

T : ]

Obtaining m(r) is to perform a
Fig. 2 Deconvolution of integral

m : Local Mach number
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QIGRC Arrangement 1

Transducer array : N x M

Fig. 7b
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(Case 3)
2
Receiver array
-:N %

: 5

: .
Data

. - o acquisition
Emitter
Data Analysis

PC

Generator
Amplifier

3
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First principle

m = plv(x,t) -dA

v(x,t) : 3C3D

(Vx, Vy, V,)
(X,y,2)
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Flow meters developed .....

st B g g il Ll ) e e

and Flow metering

Evolution of flow measurement technique has led to an acquisition
of spatio-temporal information on flow field. : M{r)

Flow metering would naturally change the measurement principles
from indirect to direct measurement. of flow rate, as defined below

Q=21 jﬁf' (rydr

FlowBiz Research Inc. has been working to develop various types
of flow meters as below, all based on the dired: measurement.

single phase Liquid uDFlow marketed

‘ single phase Gas uGFlow

Gas & Liquid multiphase UMFlow patented

FlowB& Research Inc. Tokyo, Japan

57



‘QIGRC

Seou12011

:F

LN

58



