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SPT-5T

Super sonic tornador
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3-1

Name Super sonic tornador
Model SPT-5T
Size W320 mm x D320 mm x H400 mm
Weight Approx.7 kg
Air pressure 0.8 MPa 1.2 MPa
Air volume 400 600 £/min.
Capacity 5¢

Spray volume

50 500 cc/min.

Fluid

Air, spring water or neutral liquid medicine

Temperature range 10 50
L M
3-3 3-4
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3-2-2

5.5kW 5.5P-9.5T

9.5 kgf/cm?
50 Hz 900 rpm
60 Hz 900 rpm
50 Hz 600 &/min
60 Hz 600 £/min
V 50 Hz B-79x%3
60 Hz B-77x%3

EFOUP-KK
5.5 kW
50 Hz 1440 rpm
60 Hz 1730/1740 rpm
4
50Hz 200V
60 Hz 200/220 V

385 mm
1570 mm

170 ¢

255 kg

82 mmx85 mmx2

60 mmx85 mmx1



3-3

5 0.2 0.6 MPa
0.5 2.5 MPa

PET
C PET

e thxxﬂ{ i g
{' + + * i Micro-encapsulated

color-forming layer

C-Film Color-developing layer
Polyester base
3-5
3-2 3-6  3-7
3-2
o +10 or less measured by densitometer
Precision
at23  /73.4°F 65 RH
Recommended temperature range 20 35 68 °F 95 °F
Recommended humidity range 35 RH 80 RH
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3-4
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3-4-1

3-3 3-9
3-3
Model PMS-5M-2
Class 2M
Rated pressure 2 MPa
Measurement pressure range -100 kPa 2 MPa
Overload 150
Rated output 100 minimum mV/min.
Allowable temperature range -30 100
Temperature compensation range -10 60
Zero drift temperature characteristics +0.05 F.S.  bandwidth
Non-linearity +1 F.S.
Hysteresis +0.5 F.S.
Repeatability +0.5 F.S.
Natural frequency 60 minimum kHz/min.
Gauge resistance Approx.1 kQ at 24
Excitation voltage DCI9V
Material SUS303 stainless steel
Cable I m oil—res.istant PVC shield cable
with connector
M6><0.75
Copper packing
[N
15_ Sy
I o
5 6 27 s
41.1
3-9 PMS-5M-2
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3-4-2

3-4

3-4

Model

AA6210

Input level

0 05V

Input resistance

More than 10 MQ

%20/100/200/500/1000/2000 (selectable by

Max gain ) ) )
switch,continuously variable)
Max.output +10 V,£50 mA
Non-linearity +0.01

Frequency response

DC 100 kHz(-3 dB)

Low-pass filter

10 Hz/100 Hz/1 kHz(-12 dB/OCT) (selectable by switch)

Stability

Gain (%F.S./ max.) £0.01 (Converted into input x2000 at

input shorting) Zero-point stability(1V/ max.)%1

Static voltage

15 (when DC CUT/PASS is selected)

Gauge excitation power supply

DC2V/6V/9V/10V, 1 mA/4 mA (selectable by switch)

Calibration voltage

+1/£5/+£10/+£50/£100 (selectable by switch)

Zero-point tuning

Auto (battery backup)

Level meter

Tricolor 11-segment LED

Remote function

Remote AUTO ZERO (contact-point input),remote

calibration

Operating temperature range

0 50 ,max.85 %RH (no condensation)

Power supply

AC 100 V£10 V  50/60 Hz 15 VA

Dimensions W39.5 mm x H149 mm x D250 mm
Weight 1.5 kg
3-4-3 A/D
A/D
3-5
3-5 A/D
A/D converter
Name ADI12-16(PCDHE
Company Contec
Input range -10 +10V
Specification Digital resolution 12 bit
Input method single end method

13




3-5 PIV

3-5-1 PIV
3-10  PIV
to 4
CCD
As
At =t-t, S scale factor
S S, Si
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f At
2 /
1 1
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As
FFT FFT
IFFT
1/64 pixel
At As q
1008><1018 1
32>32 pixel At
Particle image
Frame 1 B S
(t=ty) :H =N
Double-pulsed laser -
Frame 2
(t=t)) :H‘~~- .
v
Cylindrical lens Light sheet | FFT & Cros+s correlation |
Imaging ;
Flow with seeding “~._optics (}—Peak detection
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3-11  PIV Nd:YAG laser
CCD Kodak, Megapluse ES1.0 camera PIV DANTEC A/S,

Flow Map PIV2100 Processor Gateway, Inc, GP7

New wave Research Minirase, Double pulsed Nd:YAG laser

New wave Research Minirase, 80x30/31

CCD
PIV Synchronization unit CCD
2 PIV Input buffer
Correlator unit
PIV
CCD
PIV
PIV
PIV head

Laser Nd:YAG
«—

Light sheet optics

PIV power supply

L]

PIV analyzer Computer

Traverse unit & controller

3-11 PIV
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3-5-2

CCD Pixels
CCD
1064 nm 2 532 nm
3-5
3-5
Minirase Double pulsed Nd:YAG laser New wave Research

Laser medium Nd:YAG

Beam diameter 2.5 mm
Wavelength 532 nm

Output power 100 mJ
Pulse width 6 ns

3-5-3 CCD
PIV CCD
CCD
3-6 CCD
3-6 CCD
Megapluse ES1.0 camera Kodak
Sensor readout Interline, progressive scan
Resolution 1008x1018 pixel
Lens AF Micro-Nikkor 60 mm F/2.8 D Nikon
Aperture 32
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3-5-4 PIV

PIV

CCD
Input buffer
Ethernet
3-5-5

PIV
lo 4

3-5-6 PIV
PIV

Flow Manager Ver. 4.0. Flow Manager

(1) Moving Average Validation

||V(x, ») —V(x, y)” > ka

DANTEC A/S., Flow Map PIV2100 Processor

Synchronization unit

Correlator unit
PC

DANTEC A/S.,

Flow Manager

ka

V(x.y)
Ax Ay

Ve 2) = )| = V(5 2)e =V 2)e) + (v 2)s =V 2)0)?

Averaging area
Acceptance factor

Iteration
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(2)Average Filter

Flow Manager

x+nT_1 y-*—n_1
vixy)=— ¥ X V()
1=x77 j=va

vim—1,n=1),  +vim-Ln)  +vim-Ln+l)  +v(mn-1)_ +v(mn), :|/9

4 vimn+1),  +v(m+1l,n=-1)  +vim+Ln)  +vim+ln+l) |

Averaging area m>=n 33
Flow Manager Iteration 3
(3)Adaptive correlation
Cross correlation 3-12
5% ’
Adaptive correlation Cross correlation 2
3-12 2
Cross correlation
2
Cross correlation Adaptive correlation
/. ~ ol £ ;
of 4~ 4 Lo i s ~11
P { e
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(4)

Flow Manager Moving Average Validation Average Filter
PIV (m,n) Z(m,n)
) = V(m+1,n), =v(m=1n), v(mn+1), —v(mn-1),
Ax Ay
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PIV
At
31 mmx31 mm
Adaptive Correlation
3-7
o
5.0 ¢
o
1
O 10 100
3-15
5.0¢ 0
V 5.0¢
3-16 1V 2.5¢
0 Voo25¢0
(0]
0

2

Overlap 50 %

251

s

10

29 mmx29 mm
PIV

Flow Manager
Peak Validation

21

Masking
1.06 Local Median

Vo251



35+

o q
30 . ° /\ _—
o— / T L4
/ * ¢ ./
25 1 °
3
© 204
Q
154
10
54
0 T T T T T T T T 1
0 20 40 60 80 100
o( )
3-15 V=5.0¢
20
154
././I/.\. m [ !
—
E
Qi 10
5
0 T T T T T T T T 1
0 20 40 60 80 100
0]
3-16 V=2.51¢

22



3-8
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2 MPa
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a Image map b Pressure map

4-1-3b
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1 =0.0s
48

Do=45.0 mm

y mm

Do=45.0 mm

0 24 48
X mm

a Image map b Pressure map
4-1-4a
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Do=47.0 mm

0 24
X mm

a Image map

4-1-4b
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4-1-3

4-1-5 4-1-6
z=2 4 6 & mm t=6s
4-1-6 a
D, D;
4-1-5 z
z D z
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2 MPa

0 MPa
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a Image map b Pressure map
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Do=43.0 mm

Di=34.0 mm

Do=44.5 mm

Di=37.0 mm

Do=46.0 mm
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0 24
X mm

a Image map
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Do=47.0 mm

Di=38.0 mm

0 24
X mm

a Image map

4-1-6b
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24
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4-1-4
4-1-7 4-1-8

b y=3mm 24 mm
x=3 mm 24 mm

t=2s z=8 mm

3
4-1-7 4-1-8
4-1-9
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a
4-1
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4-1

Ss=nD*/4 Sp=n(D,*-D;*)/4 Sp/Ss
D=4.3 mm D,=43.0 mm D;=34.0 mm
z=2 mm > . 37.5
S¢=14.5 mm Sr=544.3 mm
D=5.0 mm D,=44.5 mm D,=37.0 mm
z=4 mm 5 ) 24.5
S¢=19.6 mm SF=480.1 mm
D=5.2 mm D,=46.0 mm D;=37.5 mm
z=6 mm > . 26.2
SS:21-2 mm SF:5574 mm
D=5.8 mm D,=47.0 mm D,=38.0 mm
z=8 mm 5 ) 22.7
S¢=26.4 mm SF=600.8 mm
4-1 z
z=4 mm
z
4-1-3
z=2 mm z=4 § mm
SF/SS z
z

38




y mm

m

I I /’lii:,7
- =T
éfi'i';
——— -
I I L
a Image map 2 1 0

¢ Pressure distribution vertical cross section

e

ST A

S | i “

UL TR
VS Y T A
| l\/\J | M\ W'
| \ \ MY L
| ! v‘\H‘\\
0 | | |
0 3 6

X mm

b Pressure distribution horizontal cross section

4-1-7

=6s z=8 mm

39



a Image 2 1 0
2 T T T p MPa

¢ Pressure distribution vertical cross section

p MPa

0 24 48
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4-2

4-2-1
4-2-1 4-2-2 4-2-3
FFT
0 S5s ls 10000 50000
1 mm 5 mm
1
mm 3 mm z=8 mm
4-2-2
x=1 5 mm
x=2 mm RMS
x=3 mm
x=4 mm RMS
x=3 mm RMS RMS
4-2-3
4-2-4 4-2-2 FFT
0 0.1 s
x=1 3 mm
4-2-4 x=1 mm 4-2-2 3.3
34s x=2 mm 4-2-2 1.5 1.6s x=3 mm
4-2-2 1.9 2.0s 4-2-4 t 4-2-2
t 4-2-2
RMS
4-2-5 4-2-3 FFT
4-2-4 x=1 mm
4-2-3 33 34s x=2 mm 4-2-3 33
3.4s x=3 mm 4-2-3 1.2 13s
4-2-5 t 4-2-3 t
x=l mm 2 mm x=3 mm
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0.1s 6 60 Hz

60 Hz
n 3800 rpm
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Fluctuating pressure p’ MPa

1 x=1mm

0.14
| | | |
RMS=3.14> 102
O f— —
-0.14 | | | |
0.14 2 x=2mm
| | | |
RMS=1.54>10-2
0 I
0.14 | | | |
0.14 3 x=3mm
| ] C | |
. RMS=4.09><10-
:\
0 ﬂ "‘5‘ ‘ |‘
0.14 | | | |
0 1 2 3 4 5
Time s
4-2-2a FFT
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Fluctuating pressure p’ MPa

4 x=4 mm
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[ [ [ [
RMS=3.65><102
0 ']L'! | 1 “ M
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Fluctuating pressure p’ MPa

1 x=1 mm
0.1

I
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Fluctuating pressure p’ MPa
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4-3 PIV

4-3-1
4-3-1 4-3-3 PIV 4-3-4
4-3-6 PIV
A C
D F 3
4-3-1
4-3-3 y
4-3-4 4-3-6 »y=0
0 50m/s
8 mm z=12 mm
z=13.6 mm w
v
4-3-1 4-3-3 z
y z=12 mm

4-3-1 4-3-3

z=12 mm q Max A gui=64m/s B gu,=39m/s C

qmax=47 m/s
4-3-4 4-3-6

z=13.6 mm

4-3-4 4-3-6 z=13.6 mm

qMax
D guu=40 m/s E @¢u..=40 m/s

F  guae=38 m/s

qMax

qMax
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4-3-2
4-3-7 4-3-8
A C 3
F 3
b
0 50 m/s
8 mm 3
4-3-7 4-2 4-3-8
4-3
4-2

8 mm 16 mm

A 4.0 mm 7.8 mm 12.4 mm

B 4.0 mm 7.7 mm 11.3 mm

C 4.0 mm 7.7 mm 13.4 mm

4.0 mm 7.7 mm 12.4 mm

4-3

8 mm 16 mm

D 2.8 mm 6.8 mm 9.4 mm

E 2.8 mm 5.9 mm 10.1 mm

F 2.8 mm 7.1 mm 10.0 mm

2.8 mm 6.6 mm 9.8 mm
A C D

3

qMax
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z=12
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Vertical cross section (z=12)
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z=12 P | Vertical cross section (z=12)
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z=12

P | Vertical cross section (z=12)

[ D
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z=13.6

P | Vertical cross section (z=13. 6)

22 -
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— Horizontal velocity w (m/s
— Vertical velocity v (m/s)
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z=13.6

y mm
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P | Vertical cross section (z=13.6)
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z=13.6

N

P | Vertical cross section (z=13.6)
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a Image and vector map b Image map
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1
http://www.jpo.go.jp/shiryou/s_sonota/tokumapf.htm

http://www.ga-rew.com/

Dantec Measurement Technology A/S. Addendum to the FlowManager® 3.30 manual:
Adaptive Correlation 2000  1-1,1-2
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