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Abstract

Flow meter is a instrument that is vital to the laboratory as well as the
industrial related field. Based on different physical principles, tens of
models that work in harmony with the diverse environmental demands
and measurement conditions are developed to date. However, the
application of varied flow meters is still under severe restriction. The
purpose of this study is to develop a hot-wire type of vortex shedding
flow meter for the use of flow rate measurement. Through the
home-made apparatus and device, the hot-wire anemometer (includes
probe, stem and electronic processor) and the vortex generator. (duct that
contains triangle’s section of the bluff body. When fluid passes through,
the wake behind produces periodical vortex shedding.) The ability of
hot-wire anemometer when it detects the fluid moving changes of
high-frequent movement is within 2000Hz, after appropriate design and
adjustment, the combination of hot-wire anemometer and vortex
generator may investigate the frequency of different flow rate that
generated from the vortex shedding behind the bluff body of triangle
section. The section area of vortex generator is constant value, thus it can
calculate the relationship of flow rate and the frequency of vortex
shedding. By means of strict calibration and test procedure, the results
reveal that home-made hot-wire anemometer has excellent ability to
detect the frequency of vortex shedding. The calibration curve indicates a
linear relationship between the frequency of vortex shedding and flow
rate. In order to reduce inaccuracy, it is suggested to classify three
formulas to represent the flow rate that ranges from 0 ~ 40 CMM. The
greatest inaccuracy is under 5%. When applied to different flow rate
range, it only has to change the size of vortex generator only if the
response frequency of hot-wire anemometer suit for the range of
frequency of vortex generator. After commercialization, it can be applied
to measure the flow rate of fans, flow rate of intake valve of engine, etc.
Hot-wire anemometer also served as anemometer, which can be applied
to wind velocity measurement in any situation.
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output #2f ¢ BNC #if 3| 2-:# & 41| & 4& 3% (Fast Fourier Transform)#g
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4 1 JF (closed loop wind tunnel) ~ & 4= ¢ (pitot tube) ~ U 3] ¥ (U-tube)
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PR FAGFRE R ¢ AR TR @ £ LF A o of

HEREFIHEEGEZNE I EER R PRI

ERAHEERES NG A - BT UAE > ¥ -
FA R AR R4 # 4k F (pressure transducer) ¢ &R 4 # 3¢ % 5 Validyne
Engineering = & 2 2 PR T 4L > LB U g i » 7 KR BAE
A o GoR] 2-18 5tk B4 I E2 R &K A B 0 B4 Y (gas tank)
A ZF RGHFRE BB TUR 4 F(pressure regulator) @ 24 14§
(valve)frlindg i & » & &R T HA T B(mv/v)2 U-tube g P FpHE
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P¥d

p :palcgh (8)
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h=2sin 6H 9)
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Pz B i3V 5 0™ 05857 s 4eoB 3-2 o
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AP =26.284AFE —3.2806 (10)

W 219 97 S m R PRI PR SRK A B 0 R M D F A
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|
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(Bernoulli's equation) °

u=_|— (11)
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F2-1 HosN 3 BRFTF AR
phase 3
kw 0.3
v 200 - 230/380 -
415
A 1.2/0.7
type HTB75 - 032
RPM 2800/3500
MMAQ(MAX) 200/260
m’/min(MAX) 6.0/7.0
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%022 A

type M36V2PO3  1.l1kva
input ly, 220V, 50/60Hz
output 3y, 0-220Vac, 0.5 -
60Hz
output current 3A
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%\23 ’-%L"‘ﬂ} /,‘a&?/fi/ﬁﬂ B #]—ﬁ

dm) | fHz) | u(m/s) Reg
0.056 ~

0.002 . 7~ 2963
0.083 ~

0.003 . 333 | 17~6667

0.005 | 2000 |0.14 ~ 55.56| 46 ~ 18519

0.008 0.22 ~ 88.89(119 ~ 47407
0.28 ~

0.010 110 |186~74075

41




F2-4 BB R R S 2 R

Hot-wire anemometer HWAVSFM Flow meter
Flow rate 6.55 (SCFM) 7.058 (SCFM) | 7.4 (SCFM)
Procedure Complicated Simple
Reliability Low High
Calibration Yes No
Error rate 11.49% 4.62%
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Static taps
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Bl 1-6 st icEt
(From: http://www.tokyokeiso.com.tw)

48



Bl 1-7 A5 g3

(From: http://www.thermo.com/com/cda/home)
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Heated platinum wires

N

Energy supply to maintain platinum
wires at constant temperature

B 1-9 #amongE
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B 1-10 ;i

(From: http://www.twredstar.com)
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POINT TO MEASURE

DEPTH (H)
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Flow meter

W 2-1 i - s

54



7 1 B T

B

EORE
SERE e B R
BRI

B 2-2 % BATf i

55



Hcl> /gy
DYA Converter
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Vi(t)“ Vﬂ(t)“ A 0100
" 0101
1110 0110
o 1000
0110 1001
- 1011
o 1001
> > 0000 > 0110
t t t
B Bk g R g e

_F—_

Analog signal Sampling & Holding Quantization

Digital signal

Bl 2-4 470 /i TR i 4
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Electronic processor
Data acqui:v.ition system PC

] 2-5 L85 & 5
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L, L, L, L,
Flow -
I\\ .
Honeycombs  Screens

Bl 2-6 A 4 % (Vortex generator)
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STROUHAL NUMBER, St

04T

04

03

0.2

0.1

4]

40

REGION OF DEVELOPING
TURBULENCE IN THE
FREE VORTEX LAYER

LAMINAR VORTEX
SHEDDING REGION

UNSTABLE VORTEX REGION

pnl L1

REGION OF TURBULENT VORTEX TRAIL.
LAMINAR BOUNDARY LAYER ON CYLINDER

Liaanl L1

LAMINAR TO TURBULENT

TRANSITION IN
BOUNDARY LAYER

OM CYLINDER

REGION IN WHICH EDDY
SHEDDING FREQUENMCY
CAN BE DEFINED AS
THE DOMINANT FREQUENCY
IN A SPECTRUM

L1l 1

REGION OF TURBULENT
VORTEX. TURBULENT
BOUNDARY LAYER

ON CYLINDER

0"

Bl 2-7

ID’

B4 ke v 3

1o’ s}
REYNOLDS NUMBER, Re

Tl g o Bl
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Platinum wire ¢)=0.005 mm

\Lihmm

Ceramic tubing

Stainless steel tubing

S

FTTTTTTFTTTTFTIFTTTFTTFTTFTFTTFTIFFS
28 mm

FTTTTTITTSTTITTITIT I T TSI TS

4 mm|

Stainless steel needle ¢=0.6 mm

W 2-8 4 £4fid
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W 2-9 4 §4f
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A:B=8:1

Bl 2-10 RIZFASIF £ 5 AR F el 2 800 5
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B 2-11 5 5 enfpis
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110 AC In

Rectifier

20 kHz oscillating
square wave generator

Switch

12V DC

L

Low pass filter

Inverting

fer =8 kHz

Summing
amplifier

—o
Out

Low pass filter

amplifier (

B 2-13 T+ &2 B S 1] B
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Vortex generater Flow meter Blower

LI
— —| 3 —
nlet = | i1 = —» Outlet
< — NN :;' —_—
—
Hot-wire probe
[=}
(=]
“1 8 go (] O =
09 5] ?
L 1 Flow meter O
FFT analyzer electronic processor Inverter

Hot-wire
electronic processor

B 2-15 fFonBiin £3
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B8] 2-16 Vortex generator ? <} 7+ %, B
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Pressure transducer

Pitot tube E|; |

~Wind tunnel _—

Flow

Hot wire probe

Data acquisition
system

Low pass filter I:l O
. O q
I 1

® Out Hot-wire
electronic processor

Bl 2-17 #MBb #F T K F B
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Pressure regulator Valve

T o
11

X
[

Honeycombs & Screens

Flowl

7
\J
)

71
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atm

Pressure transducer

B 2-18 e B4 @ik B %K & F

71



P
T Gas out

Nozzle Pressure transducer

{I—>>.
Valve Valve

_II"- 1 —— .
Gas tank ] % T I
— 111 Honeycombs & Screens

Gas in / A PZP[J-Pi

N
—

Honeycombs & Screens
 — P

Flow meter

=

= L

Bl 2-19 B HE B %R R

=
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30 Y L R B S B R

Py =757.8 mmHg
- T\, =26°C
Platinum wire
25Fd=5um
[=15mm
| R=13.2Q)
Record length = 32000 samples
20 |_Elapse time = 1.6 second
Sample rate = 20 kHz

Y 15
(m/s)
10 u= — 0.00988 E*
+ 0.404 E°
— 0.264 E°
5 + 139E
— 0.108

E (v)

B 3-1 #MhFn@dE g BRI M
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350 1 1 I | I 1 I 1 I 1

T
L Py =765.3 mm Hg

T,=25.5°C
300 b
250 |-
AP 200}
(mmAq) T
150 |

AP=26.2844FE-3.8026

100 =

50 -

0 2 -4 6 8 10 12
AE (mv/v)

B 3-2 B4 ERS ST RO VM
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0.4

0.3
40
e 02
(m’/min)
0.1
0.0

| | I | | I | | I | |
Pom=765.3 mm Hg
B T,=25.5°C
AQ, =0.97440, — 0.000584 |
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