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Paradigm shift in modern 
flow measurement
and flow metering

☆ Revolutionary change by 
ultrasonic & laser applications

☆ Back to the first principle
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Paradigm shift

Spatio-temporal
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Rotating Cylinder

Lab. for Flow Control , Hokkaido University
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UVP : Accuracy - Velocity and Position

Velocity profile in a rotating cylinder

Average velocity

Rotation 52.32 sec

30 rotation

rps= 0.57339

Y= 111.00

Y0= 126.5

Average= -55.7

Vth= -55.84

Diff= 0.3%

Position

Pos. = 139.1 mm

Dtheo= 141.6 mm

Diff = 1.8%

Average velocity profile
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7Lab. for Flow Control - Hokkaido University

Spatio-temporal velocity field
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Time

Space

Spatio-temporal velocity field
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EFD Measurement of flow field  , tu x

PIV(Laser) UVP(ultrasound)
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Fluid Dynamics

 Theoretical Numerical Experimental 

   Conventional UVP/PIV 

Image     

Field    

Physics     

 

Methodology 
Information flow in Fluid Mechanics
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UVP - udFlow

Flow metering

流量計測
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 Entry length

Up/Downstream condition

 Fluids – fully filling

 Precision/Accuracy

Installation condition
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UVP/udFlow

Installation condition

 Entry length

Up/Downstream condition

 Fluids

 Precision/Accuracy
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UVP/udFlow

 Entry length

Upstream condition

 Fluids

 Precision/Accuracy

Installation condition

Profile Factor
ICONE14-89730

Factory Factor
ICONE14-89803
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Paradigm in flow metering

By Heron of Alexandria
(Ἥρων ὁ Ἀλεξανδρεύς, 10-70 AD)

Q = V  A
Flow amount = velocity x cross section
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Paradigm shift in flow metering

m = v(x,t) dA 
 

v(x,t) : 3C3D 

 

(Vx, Vy, Vz) 

(x,y,z) 

First principle
By Heron of Alexandria
(Ἥρων ὁ Ἀλεξανδρεύς, 10-70 AD)

Q = V  A
Flow amount = velocity x cross section
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Flow metering

Q=m/ = v(x,t) dA 
 

v(x,t) : 3C3D 

 

(Vx, Vy, Vz) 

(x,y,z) 

Flow rate
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Flow rate measurement

Theoretical in conduit (pipe)

m/ =  vz(r,q,t)rdrdq

 (/N)  i{vz(r,q i,t)rdr}

Measuring lines (i) are diameters

at different angles.
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Flow rate 
(circular pipe)

 
0

2

R

Q v r rdr 

 Measurement of velocity profile

Assuming Axisymmetry
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Flow rate 
(circular pipe)

Measurement of velocity profile promises

High accuracy

No entry length

No calibration

No site effect





Effect on Accuracy

The number of data points

The number of averaging time
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‘Facility factor’ must be introduced.
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Principles

 Ultrasonic
 UVP
 udFlow

Average velocity

Rotation 52.32 sec

30 rotation

rps= 0.57339

Y= 111.00

Y0= 126.5

Average= -55.7

Vth= -55.84

Diff= 0.3%

Position

Pos. = 139.1 mm

Dtheo= 141.6 mm

Diff = 1.8%

Average velocity profile
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Profile and flow rate

Small pipe

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

Q= 0.94 Ltr/s at 115.74
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Flow rate measurement using UVP

UVP EMF Orifice

0.14 64.5

0.28 60.41

0.43 64.18

0.57 64.13

0.71 65.19

0.85 65.54

0.99 63.13

1.14 68.24

1.28 66.49

1.42 69.6

1.56 64.96

1.7 65.41

1.85 65.95

1.99 66.38

2.13 65.51

2.27 66.11

2.41 65.59

2.56 66.24

2.7 66.04

2.84 65.59

2.98 61.79

3.12 61.04

3.27 63.41

Transient flow rate (comparison)
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Test section detail and coordinate system

Flow

a

b

TDX(4MHz)

TDX(1MHz)

r

TDX(4MHz)

v

z

u

@NIST
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Schematic of the experimental apparatus
- NIST standard calibration system -

Junction

Test Section

Pump

UVP

Tank

Reservoir

L/D=33

D=10"
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Picture of test section
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Transient flow rate (Re=2M)

PSI-TEPCO-NIST(14,MAY,1999)  data:N1037.dat
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Re=2M
UVP:
TDX : 1MHz
CH-Distance : 1.48mm
Mean Flow Rate : 476.13 l/sec
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Transient flow rate (Re=400K)

PSI-TEPCO-NIST(14,MAY,1999)  data:N1025.dat
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UVP:
TDX : 1MHz
CH-Distance : 1.48mm
Mean Flow Rate : 66.18 l/sec
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Experimental procedure
- NIST standard calibration system -

Run Time-averaged

Run

-averaged

flow rate

Re=400K

Re=400K

Re=2.6M

Re=2.6M

repeatability

#1

#2

#3

#4

#5
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Re=400K

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

File Average Deviation GPM L/s Difference % error

N190599A 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%

N190599B N0329.dat 70.20 3.31 1110.87 70.08 -0.12 -0.17%

N0330.dat 70.36 3.41 1111.42 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%

N200599A 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 1114.10 70.28 0.12 0.17%

N200599B N0345.dat 69.81 3.22 1111.90 70.14 0.33 0.48%

N0346.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 3.21 1112.82 70.20 0.32 0.45%

N0349.dat 70.07 3.29 1113.73 70.26 0.19 0.27%

N200599D N0350.dat 70.20 3.29 1101.77 69.50 -0.70 -1.00%

N0351.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 3.31 1102.85 69.57 -0.54 -0.78%

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

N200599E N0355.dat 69.76 2.96 1103.30 69.60 -0.16 -0.23%

N0356.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%

N200599F N0373.dat 69.96 3.07 1101.77 69.50 -0.46 -0.66%

N0374.dat 69.70 3.21 1102.62 69.56 -0.14 -0.20%

N0375.dat 69.36 3.24 1102.90 69.57 0.22 0.31%

N0376.dat 69.54 3.13 1102.85 69.57 0.03 0.05%

N0377.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%

Flow Measurement
- Comparison with Weight Measurement -
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Q t V r t rdrdz( ) ( , , )  q q

Principle

 Transient flow rate

Flow metering
Circular pipe

 High accuracy
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Flow rate 
(circular pipe)

Measurement of velocity profile promises

High accuracy

No entry length

No calibration

No site effect

Possible transient flow
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Multiphase Flow meter
Development of real time measurement of componentwise flowrate on multiphase flow pipe line

2007.5.27 NEDO研究成果報告会

Graduate School of Engineering, Hokkaido University

Y.Murai, Y.Takeda, Y.Tasaka



Gas flow metering

Relevance to velocity profile in a pipe



IoT

Industrie 4.0

Flow sensor



Process Engineering

TQP  NPP

qqM 21
Mixing
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Flow metering

Q=m/ = v(x,t) dA 
 

v(x,t) : 3C3D 

 

(Vx, Vy, Vz) 

(x,y,z) 

Flow rate
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流速分布による流量計測 - A.Heronからの卒業

流量計測の革新

流量計 の革新

UVP
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Fin


