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Ultrasonic Flow-Measuring Technique Using Laminar-Type Multi-Layer Method

e B H A

Masato Sato

L S (O =

Yuji Nakabayashi

kOB
Hidetomo Nagahara

E F

TP L BWMEFHNE, WL ASITbRTELFEMTH L. COFERED121F, REMEREEED 7S
v MbTh s, BLE T2 Hez8Emmiicd, 4% (Uv) BmosHliks ZBasL, i
BoBESHmE, WHBT 2 HEGHM OB %2 Ko M L LTwab, KRG T, SEImHTR 2 5
BIZhElL, TNENZRBRRBICRETSLILTT Iy MEZERT AHMICOWT, ZohHRNIIBIT25E
EEBICE DMBEAMOMRL Y I 2L —2a VICKOVHL2ICL, BEREHVRENHEMGE LToRH
BWrHLMII L.

Abstract

The ultrasonic flow meter has been used for a long time. One of the main problems with this meter is the difficulty in attaining a
constant value for the flow rate correction factor, which means attaining a flat curve for this factor. A rectangular cross-sectional
channel is divided into multiple layers so as to attain a uniform velocity profile in both the heightwise and spanwise direction of the
measurement channel in an ultrasonic flow-measuring technique. In this paper, a rectangular, cross-sectional channel is divided into
multiple layers by splitting plates. With this arrangement, the velocity profile between layers becomes uniform and a two-dimensional
velocity profile is realized; this makes it possible to attain a flat curve. This feature was investigated by experiments and simulation

and the usefulness of this method was revealed.

I 1. 3UBIC

A X B UEFNE, < 25 Th T & 72 Hek
ThHb. COFEEREDIDIL, HEMEAEEED 7 5
v Mb (—ZfliE D) TH5H. ek, HE (L)
Wi OV % F v, TR OBk %3562 &
W&k, 79y MEZERTEL LM ESNTWS
[1]. FmMIC, WELERETITH)ZLIZLY, 75
v MEz#EET 5 AN b ShTwab2] EE55IE,
INHEIIRLZHEE LT, WM~ HEREIC
SEL, TnFEhrRRREBICRETSIILETTITI v b
L& ERT 2HM (BRMLZEFN) 2MBELTWS
[3][4]. AT, ZOHFRICBIIEEZERLEY I 2
L= a VICE MBSO L VLML,
Tk A2 EEHIEAd & LCoFAEZHS ML
7z.

IZ.%MEE

AR A BIRIR Y. IR () & AFRCBY
LBEWRESTOEMOBTHRETH 5. 1R (b) Ofll
HRICRT & 912, mEERIEERNTEZ LT, W
i, BEE (ZoORTIESE) KaglshTtns, fih
BEROTFHTHBEMPSHASES, BEkTEY
FAL & UYBEVERICE SRR E - T, RZES

60

Ultrasonic sensor A Ultrasonic sensor B

Spanwise direction

\l @/ Splitting plate
R d
A

Heightwise direction

=< 7

Splitting plate izzzzzzz#zZ7ZZ7Z7Z7r 7

Ultrasonic propagation path

(a) Front sectional view (b) Side view

B AR

Fig. 1 Measurement principle

N5, VAL Y FBAOERFER % Ta, £ 9B
M oE Y FANOEIRIFH 2To k35 &, vz, (1)
RICLVRDOONL. TIT, LIZBEHRITHBAN %8
WY MR, 0 13iih & BE OGRS & 23§
ETH5b.

V={L/2cos6}(1/Ta)-(1/Tb)} ~evvrvrnnnnnn. (1)

DL ERDSLNIGEED S FHTEE KD B 720,
WIEREKkZEAT S, ZNIZLDEEQIEX (2) TEK
oML, ZITC, SRIHEOMHEETH S, MHIEMREK
M1D & &, WIEDAE 2 72 DK O @ Wit R FHI AT
R

Q=(kV)S e (2)



BERMEZANET 57754 72 AR ERTE | BRESEARIC S 2 BERRBEHARMN 109

AFRTIE, HETHELIABRSE LI, HEEEEE
DRBIZHEL, COEOEIERERI L LTHW L
A7 NVADPRREETHERICR S LI ICHET 5.
IHCED, ZREITIE, RMNTRETZERBICED
CEHUC XY, HREE CORES M OH— LK SN 5.
7, BEBIIOETAILICLY, ZEBOMEOT A
N7 MEHPRELCLED, ZREHICBTHEIR (b) 128
35 ETHMTH BMEHF MO RkatErmEd 5. Bk
2L Y, ZRBEHORE S HEOTHS O —M, 1§
DY —MWEHARET 52 EHTE, BHERIL BB
FEBETIT) L DTELEMPRESNS.

I3.¥$§L

KT RDOHERNEERMRGET % 720D DFEERITH 72 F2 5
B % 2R IRT.

Multi-layer

Punching metal Chamber test section
Exit region,

20 / Entrance region
Pipe 8
g S oL/
100 T T -
200j 7 ii.._. T 2]
50 5

I\ Entrance Exit region (Ld)
region (Ld)
| J
Test channel

[BfL : mm]

H2R FEERIEE
Fig. 2 Testing apparatus

E22RIZBWT, T A MRkiZ, AOE, £REE,
LR L DR SN Twa,. ALE, HEHEoES (Ld)
i, 300mm, & L7z F % U NZHEE T BB OERDS
10 mmd 0, AOHE, HOPZERERENmEINS. F
X UoNiE, PNERO 4200 mmod 3 R 22 & T L T
W5, BRIENOLEME VAT S, 7 A MEEIE, 3
RTEPLMETER LTV 5.

FEIR L BHOME ORI EZ/RT. ZORIISED
BlZRLTBY, HEOF A MREOTEZE S (H) 7.5
mm, TE (W) 225mmZ L CTEE (L) 50mmé& LTW5b.
SRIE T T O FE B 12T X 0.3 mmD ) ) B4k T & By —
KXW SNTWS, FEEREEOBEF MIZKIIRT L9
2, xAENEHRgE, zF B L Py FREZDOWTIZZ EEHo
k& L7z, EBRIXL, 3, sy 4 7o Tiro /1)@
A4 TR Y REZR T RWEATHY, ZRBEOI
ROz Iz, RRT, B3 Edzm, RH
&, yhmoZETHhb.

TS OWAEL, PIVIEEREEHE (R T REHI )
EFHOWT i o7z, ZORTIE, B S RORES AR % i
T HPIVEREBEOREF D GhbE TRLTWA. i

[BAT : mm]

Camera

s%

Splitting plate

Flow with particle

B3 ZEEMoE Sy A7)
Fig. 3 Multi-layer Test Section (5-layer type)

AAD SR T2 & ARZHRERZRL, ZH L) L—9—
Fem BB L, y A S A A 5 TH T % BUS: Lt #s
%135,
EIRICERBIUTYI2L—Y 3 Yy THWZER
OFEB L MERHORRESEI L EOEEDO LA VK
BERT. LA VAL #EOBHTEZRERES
ELTHEHLZ. #EBT TV o~FEERIZ6000 Lho &
X2, MTARZ FHETUA IV BB EBIZ Y T
W$FEL5ME L. F72, 3@y A4 TESEY £ 7oLtk
WHE L7z

YIialb—Ya VidEREELFASICETVEL. B
FRARRE % VT T - 7z

BI1R ZREMoTEL LUERSEMHEOL A ) VA
Table 1 Reynolds number for each experiment and dimension of the
multi-layer test section

Type
. . 1 Layer 3 Layer 5 Layer
Dimension
Layer height (h) [mm] 7.50 2.30 1.26
Aspect ratio (W/h) 3.00 9.78 17.86
Reynolds 40 [L/h] 31 10 6
number | 6000 [L/h] | 4618 1539 924
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Fig. 6 Velocity profile in the heightwise direction (5-layer type)
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