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Abstract

The flow characteristics around a floating cylinder in a swirling flow
field in a vertical pipe with a length of 600mm and an inner diameter of
100mm 1s investigated by the use of the Stereoscopic-PIV system.

The measurement system consists of two cameras, a Nd-Yag laser and
a host computer. Optical sensors(LEDs) were used to detect the location of
the floating cylinder and to activate the Stereoscopic-PIV system.

The flow fields around the floating cylinder are measured at the events
of the activations. It has been verified that the motion of the floating
cylinder becomes stable when the azimuthal velocity component of the

swirl flow is maintained at stable states.
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Nomenclature

A, Coefficient of Area moment

Bii Inverse matrix of M

s Distance of projection

C Fitness for continuous fluid of vector

Cyr <, Plane distance from lens center

D Cylinder diameter

, Diameter of particle

1 Intensity of particle

I, Maximum intensity of particle

£y, Ay Lens coefficient

M Rotation matrix

n .. m, Movement value of principle point

o} (0,0) Point of photographic coordinate

0 (0,0,0) Point o absolute coordinate

Ax, Ay Lens distortion value

} , _y Center point of particle

X, v,z Photographic coordinate system

X , ¥V . Z Absolute coordinate system

Xy, Yy, 2, Rotated absolute coordinate system

X, .V, ,Z, Center of projection

r ., v Image coordinates value after transformation
r o, ¥ Image coordinates value before transformation
ua,v,w Velocity component of X, vy, z axis

£, . Centrifugal force acting on a floating cylinder
Foy . Drag force on a floating cylinder

Fop . Gravity of a floating cylinder

£ . Force on a floating cylinder due to inertia effect
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Pp

Vsi

VSZ

Greek characters

=< o e

(o2]

Pipe inside radius
Force on a floating cylinder due to

static pressure difference

Relative velocity of air flow in z-direction
to a floating cylinder

Density of a floating cylinder

Viscosity of air

Swirling flow velocity by hot-wire

(1/3 from bottom)
Swirling flow velocity by hot-wire

(2/3 from bottom)
Force on a floating cylinder due to

a floating cylinder rotation

Titled angle for X axis
Titled angle for Y axis
Titled angle for Z axis
Time averaged value
Error of root mean square
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Fig. 2.2.2 Transformation between pixel and real coordinate planes.
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2. 3 Stereoscopic PIV Al=%eo 44

271 o]%e] CCD 7tHletE AF8-3to] Stereoscopic matching 7| &2 3x-¢
=4E FEd He 3-D PIVEA S F=2 Abgeta v 28y v o
HE 2 e FhretE FAol Zgstojof strr R 7 ¢ e
SrEdE o ¢7F A @or dHoly sfdo] Lpsttt= @Alol vk o &

A% HAA nARE shvlere] AL SEuE AS5E Fue5e

Al e A S
Aol gk A5t Aol g Aelw, & F AA AW E FheAo] A
32U A S wAAel Wl Stereoscopic PIVE A F 7HA9 F/E

ZEAl o glth. i ete]l wi e w2l Fig. 2314 % Translation ¥ ¥ Angular
displacement ¥ .2 Ui 5 3t}

Translation -2 7w 2ke] 383 (Optical axes)e] ZH ¥ HHo| =7 &}o],
Zhw2}e] A= wlg& Q4 (magnification factor)®} Zhd 2}7ke] Apo]ZH(©)S 7}
Ao 71ekstd ol A 3xkd SEARES Alitete WHEeld. o7]A,
MRAZMEL )= ( 7, &,)°1 T THAl & Al Fig. 2319 (a)9k Ze] #elA
Wl (Object Plane)¥ #l =W (Lens Plane)¥} 7} 2414 A (Image Plane)©] 3
HatA Aol A2l o7 Stereoscopic & ¥7} 7iWgle] o vy o
o]l Aol nl= AykE o] Xt

(<

o

Uk - Angular displacement ¥ < 2t]o] Zhw|gtal =71 FE5 A 93 7
st Reta 2w HWY AAHe] Z4RE oFA Y HEHS FAHSI= Ho
o]

Aol gt} o] WdHS FE 7] 98] Scheimpflug stereocamera(A.K. Prasad.

1995)"7= ettt Fig. 23.10)AH siate] dl=wz M de] #o]# Wl
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Ohject Plane 0] Lazer Sheet

!‘ D Fl
Camera 1 Camera 2

(@) Translation system

Ohject Plane o] Laser Sheet

{g
Ay .
@f)e

Camera 1 Camera 2

() Angular displacement system

Fig. 2.3.1 Two basic configurations for stereoscopic PIV systems.
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2 Aol s Angularg 9 S Y fFEASFY Ads FAJAA T
eko] ol AfAe Fosto]l FEo dejol webA Jhvete] wiAE =4
o A sdo el Ao 7lsketA WS (Geometric transformation)
o FAHIN FAo s nystH, Jiviet WA A 33U HA AA
o] Ay = o] &3 Stereoscopic PIVA =W o] A& % 11 9lt}.

Ray from Camera 1

C1(x1,y1,z1)

P(x.y,z)

C2(x2,y2,z2) CCD Camera 1

Ray from Camera 2

o
)

CCD Camera 2

X

—» «— I
. z

Object Plane y

(Laser Sheet)

Fig 2.3.2 Definition of 3-D particle position.
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2.3.1 Scheimpflug camera lens 9 ¢

olole] Z+S JHA L Y= ZiWEe 3 Ao o g angular method =&
Fig. 2.33(a)¢t zFo] 7Zhvlete]l 24 QA3 = A Aol HAZF AT+ A
Scheimpflug condition(Prasad 2000)"'7ell &) & 4= glt}, ojm x| o] o]
SEYA = Z3E 4 sl Thvlete] 299 24 dast.
Scheimpflug == Fig. 2.33(b)A1 ¢ Zhrleke] olmzld g3 @ll= Afo]e] 7}
S dogz2 24T £ Jd=F a2eE Y Fig. 2.3.3(c)E Scheimpflug camera

o] ~E AL o) T}

S

ooo Object plane
o'eo% Object plane - Focused zone of camera —
%5
eﬂ%
S
C‘OO
09’?

Fig. 2.3.3(a) Before using

schiempflug camera.
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Fig. 2.3.3(b) After using

schiempflug camera.



MEGAPLUS CAvERA MopeL ES 1.0

Fig. 2.3.3(c) Schematic view of schiempflug camera.
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2.3.2 Polynominal expression ¢ &

zbzbol Fhulete] X, Y 2xk4 olm A H W 3 FA e x , vy, zo &
AZS F33 2SS Polynominal expression® & th3 3} 7o) F & ).
X=FAux 1, 2 (2.3.1)

X=a,taxt ayt azzt d4x2+ asxy+ d6y2-|- a,xz2+ agyz+ 4932+410x3
+ dufrzy—l- dlgfryz—l- 413y3+ al4x2,z+ a 15xy2+ d16y22—|- 417.2’22‘|‘ algyzz

(2.3.2)

oJ71M x , y& i AME HAEE X, Y, Ze dolAWdHeY HFE
d Aot 4 a2 HAAS el A AAE HE o Agoltt. 4 2 4744

$+ 209 ZhvlEl X, Yol o]t} o] Polynominal® & x , yoll gk 3
A2 2 ozo] ek 2k o m FA s M axte] AXFg Ayol= AR
(Hu et al. 2002)""o] 7}5atth. Th&-& Soloff et al.(1997)"ell o] &4 4%
FA dAe] W E e Blojth

AX=AX+0X)—AX (2.3.3)

Taylor series®} U4 ZAbel o9& th& WAoo =2 FdHA

AXEANFX)AX (2.3.4)
HEHozw dsA
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A X FXl,x FXl,yFXl,z
1 Ay
Ay, = Fnclny Fns A (2.3.5)
AT, F. Fx, . Y
2 el my

AY,

A7IA 13 2= FhdlErE AvEtH Ay =0 y/dx Ol Tk
el FoA A2 370y v AFE Al aMFAHANES HE2ATHE ol &5t
AMNE 4 At o83 Polynominal expression method: Soloff(1997)<}

Prasad(2000)°ll A 275 o] $erh
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Fig. 2.4 Mechanism of floating cylinder.
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2,

Fig. 3112 FA#AHAA Y & ASS A 288 A= Ve
2 dg. ASA =" 2019 CCD7IH 2H(KODAK Megaplus, ES1.0,
1008x1018 npixels), ©°Jv A ¥ (Metrox, 1008x1018 pixels, 256 gray
levels), @l o] A (Nd-Yag LASER, 120m_J/Pulse) ¢} 32bit & 2E FHFH=Z
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5\
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e
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H F3d Ftvee] wy 2 A3E 3% Stereoscopic PIVAISH S o] &
sl HFZ 9 339 WEHE AAIG
Fig. 3.1.2= 2 A& ALE ¥ Vortex blower®Z 4A3 =FS FAT

A T FAZ 27HA] A Gl s AdPE AT e dAA
o] 600mmeol A 200mm~280mm<e} 400mm ~480mm?el 4
=
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S, e WA SN
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(Megaplus 1008 *1018)

X
7 camera2
Optical
Sensors =i
15° H
Control box
cameral Computer &
LC880
Controller LASER Sheet
. (Nd-Yag 120MJ)

5

Fig. 3.1.1 Schematic diagram of experimental apparatus.
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Fig. 3.1.2 Photograph of 3D determination Systems.

Fig. 3.1.3 Photograph of vortex blower.
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HAS A7 93 dx+= 209 CCD cameraZs o] £3lo] 4SS A 7+ 7}
v gtell i X ABHolAE FF vF, dAY 3Ad HAE AAtE,
Stereoscopic PIVAIZH & o] &3l 32 =¥y E 53 ol

Fig. 322+ & A ¥l A&" wA7|e 1go
of ti3 olm A S yeld ZHolH, Fig. 3.24 ¢ Fig. 3.25v A4 Al$¥ WA

=

7€ Zhelet 1, 27F 853 o] Ao,

Fig. 3.2.1 Real experimental system.
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56mm -~

Fig. 3.2.3 Image for camera calibration.
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Fig. 3.2.4 Image by camera #1.
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Fig. 3.2.5 Image by camera #2.
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Fig. 3262 & Agel Argd F B 7hvzhel dolA A=z s7l9k o
ot

Al oW A E A7) AT AtEzAe VS F= UEhd Ze]

To:User Trigger _|

by

]

A=T, + Dpsec

AlLamp Trigger

B=A+aTd

aTd

B:Q-SW Trigger

Fire the 1st strobe

1st Strobe illuminates

C=B+aAT

C:Q—-3SW Trigger, Delay

Fire the 2nd strobe

I
i
|
I
|
|
I
|

AT
2nd Strober illumintates l“ >

Transfer Pulse Delay

[~

33msec (fixed)

CCD Camera

Image 1 Exposed Image 2 Exposed

20 u sec delay Transfer Pulse Width

ATd:Light output delay

AT:Pulse separation

Transfer Pulse Delay:1—255 u sec
Transfer Pulse Width:1~5 p sec

Fig. 3.2.6 Relationship of time delay between camera and laser.
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camera #1

camera #2

Fig. 3.2.7 Experimental image viewed by cameras.
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Fig. 3.2.8 Remove error 3D vectors ( 1/96 ).
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Fig. 3.2.9 Remove error 3D mean vectors.
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45 92
44 70
4148
- 3876

36.05

3333

30.61
27.90

25.18
22 468

1874

1703

14 .31

11.88

a87

B.16

344

-0.8 -0.6 -04 02 0 0.2
XIR

Fig. 3.2.10(a) Turbulent kinetic energy contour obtained

by stereoscopic PIV ( V&1=1.858 m/s : 1/96 ).

1938.78
17595.10
1871.43
1387.76
1204.08
1020.41
836.73
653.06
4B9.39
28571
102.04
-81.683
-285.31
-448 .88
-632.85
-B16.33
-1000.00

Y/R

0.8 06 04 0.2 0 0.2
X/R

Fig. 3.2.10(b) Reynolds stress contour obtained
by stereoscopic PIV( Vs1=1.858 m/s : 1/96 ).
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27.90
25.18
29 46
19.74
17.03
14.31
11.59
8.87
B.16
344

Y/R

08 gow06 00 104 0 02 0.2
X/R
Fig. 3.2.11(a) Turbulent kinetic energy contour obtained

by stereoscopic PIV ( V§1=1.858 m/s : 48/96 ).

193878
175510
157143
1367 76
1204.08
1020 41
836.73
53 .06
48939
28571
102.04
-81 63
26531
445 98
632 B5
81633
-1000.00

Y/R

-0.8 -06 04 02 0 0.2
X/R
Fig. 3.2.11(b) Reynolds stress contour obtained

by stereoscopic PIV( Vs1=1.858 m/s : 48/96 ).
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44 70
4148
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36.05
3333
a0 61
27 90
2518
2248
19.74
17.03
1431
1158
.87
618
344

-0.8 -06 -04 A Y 02 0 0.2
Fig. 3.2.12(a) Turbulent kinetic energy contour obtained

by stereoscopic PIV ( V§1=1.858 m/s : 96/96 ).
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1758510
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120408
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B&3.06
469 .39
28571
102.04
-81.63
-265.31
-443 98
-B32 85
-B16.33
-1000.00

YR

0.2

X/R
Fig. 3.2.12(b) Reynolds stress contour obtained

by stereoscopic PIV( Vs1=1.858 m/s : 96/96 ).
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o
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Fig. 3.2.13(b) Reynolds stress contour obtained

by stereoscopic PIV( Vs1=1.858 m/s : mean ).

_42_



04 46.92

44.20

0.3 4148

3876

0.2 2605

3333

0.1 30 61

2780

x 0 2518
>_

272 46
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Fig. 3.2.14(a) Turbulent kinetic energy contour obtained

by stereoscopic PIV ( Vs2=2.4653 m/s : 1/96 ).
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X/R
Fig. 3.2.14(b) Reynolds stress contour obtained

by stereoscopic PIV( Vs2=2.4653 m/s : 1/96 ).
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X/R
Fig. 3.2.15(a) Turbulent kinetic energy contour obtained

by stereoscopic PIV ( Vg2=2.4653 m/s : 48/96 ).
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Fig. 3.2.15(b) Reynolds stress contour obtained
by stereoscopic PIV( Vs2=2.4653 m/s : 48/96 ).
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Sec B R W -
X/R
Fig. 3.2.16(a) Turbulent kinetic energy contour obtained

by stereoscopic PIV ( V2=2.4653 m/s : 96/96 ).
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Fig. 3.2.16(b) Reynolds stress contour obtained

by stereoscopic PIV( Vs2=2.4653 m/s @ 96/96 ).
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Fig. 3.2.17(a) Turbulent kinetic energy contour obtained
by stereoscopic PIV ( V§2=2.4653 m/s : mean ).
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Fig. 3.2.17(b) Reynolds stress contour obtained

by stereoscopic PIV( Vs2=2.4653 m/s : mean ).
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Fig. 3.2.18 3D mean vectors obtained by stereoscopic PIV.
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Fig. 3.2.19 U, V direction stream line obtained by stereoscopic PIV.
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| = UfVs1 = V/Vsl = W/Vs1 & UJVs? & V[Vs? & W/Vs?|

X/R
Fig. 3.2.20 (a) The dimensionless velocity at the Y/R=-0.31846 &
Z/R=0 (1/96).

| = Ufvsl = V/Vsl = W/Vs1 & UIVs? & V[Vs? & W/Vs?|

X/R
Fig. 3.2.20 (b) The dimensionless velocity at the Y/R=-0.31846 &
Z/R=0 (48/96).
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| = UfVs1 = V/Vsl = W/Vsl & UJVs? & V[Vs? & W/Vs?|

XIR
Fig. 3.2.20 (c) The dimensionless velocity at the Y/R=-0.31846 &
Z/R=0 (96/96).

| = UfVs1 = V[/Vsl = W/Vsl & U/Vs?2 & V[Vs? a W/Vs?|

X/IR
Fig. 3.2.20 (d) The dimensionless velocity at the Y/R=-0.31846 &
Z/R=0 (mean).
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| = UfVs1 = V/Vsl = W/Vsl & UJVs? & V[Vs? & W/Vs?|

1.4

-

XIR
Fig. 3.2.21 (a)The dimensionless velocity at the Y/R=0.01179 &
Z/R=0 (1/96).

= U/Vs1 = V/Vsl = W/Vsl - UVs2 &+ V/Vs2 -+« W/Vs2 |

N3

X/R
Fig. 3.2.21 (b) The dimensionless velocity at the Y/R=0.01179 &
Z/R=0 (48/96).
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| = UfVs1 = V/Vsl = W/Vsl & UJVs? & V[Vs? & W/Vs?|

1 +
(3. %

P

= 70- . | Fa

o

8 0 0. w -‘zjr--e.w‘u-
054

XIR
Fig. 3.2.21 (¢) The dimensionless velocity at the Y/R=0.01179 &
Z/R=0 (96/96).

= UfVs1 = V/Vsl = W/Vsl & UJVs? & V[Vs? & W/Vs?|

X/IR
Fig. 3.2.21 (d) The dimensionless velocity at the Y/R=0.01179 &
Z/R=0 (mean).
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| = UfVs1 = V/Vsl = W/Vsl & UJVs? & V[Vs? & W/Vs?|

XIR
Fig. 3.2.22 (a) The dimensionless velocity at the Y/R=0.318462 &
Z/R=0 (1/96).

= UfVsl = V/Vsl = W/Vsl a U/Vs2 & V[Vs? & W/Vs?|

X/IR
Fig. 3.2.22 (b) The dimensionless velocity at the Y/R=0.318462 &
Z/R=0 (48/96).
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| = UfVs1 = V/Vsl = W/Vsl & UJVs? & V[Vs? & W/Vs?|

XIR
Fig. 3.2.22 (¢) The dimensionless velocity at the Y/R=0.318462 &

Z/R=0 (96/96).
| = U/Vs1 = V/Vsl = W/Vs1 - U[Vs2 & V/Vs2 -+« W/Vs2 |

LY e )

X/R
Fig. 3.2.22 (d) The dimensionless velocity at the Y/R=0.318462 &
Z/R=0 (mean).
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| = UfVs1 = V/Vsl = W/Vsl & UJVs? & V[Vs? & W/Vs?|

1 £
L.

1.4

Fig. 3.2.23 (a) The dimensionless velocity at the X/R=-0.8 &
Z/R=0 (1/96).
= UfVs1 = V/Vsl = W/Vs1 & UJVs? & V[Vs? a WiVs?|

Y/R
Fig. 3.2.23 (b) The dimensionless velocity at the X/R=-0.8 &
Z/R=0 (48/96).
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| = UfVs1 = V/Vsl = W/Vsl & UJVs? & V[Vs? & W/Vs?|

YR
Fig. 3.2.23 (c) The dimensionless velocity at the X/R=-0.8 &
Z/R=0 (96/96).

= UfVs1 = V/Vsl = W/Vsl a UVs2 & V[Vs? a W/Vs?|

1521
1.3
1.1
09 r
0.7

Y/R
Fig. 3.2.23 (d) The dimensionless velocity at the X/R=-0.8 &
Z/R=0 (mean).

_60_



| = UfVs1 = V/Vsl = W/Vsl & UJVs? & V[Vs? & W/Vs?|

Lo ]
[

0.3 05

Fig. 3.2.24 (a) The dimensionless velocity at the X/R=-0.51282 &
Z/R=0 (1/96).

= UfVs1 = V/Vsl = W/Vsl & UVs2 & V[Vs? & W/Vs?|

Lo s ]
[N

1.7

Fig. 3.2.24 (b) The dimensionless velocity at the X/R=-051282 &
Z/R=0 (48/96).
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| = UfVs1 = V/Vsl = W/Vsl & UJVs? & V[Vs? & W/Vs?|

22 r

0.1 0.3 05

YR
Fig. 3.2.24 (c¢) The dimensionless velocity at the X/R=-0.51282 &

Z/R=0 (96/96).

= UfVs1 = V/Vsl = W/Vsl « UNS2 & V/Vs? & W/Vs?|

Y/R
Fig. 3.2.24 (d) The dimensionless velocity at the X/R=-0.5128 &
Z/R=0 (mean).
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| = UfVs1 = V/Vsl = W/Vsl & UJVs? & V[Vs? & W/Vs?|

1
T

08 r

YR
Fig. 3.2.25 (a) The dimensionless velocity at the X/R=0 &
Z/R=0 (1/96).

| = Ufvs1 = V/Vsl = W/Vs1 & UJVs?2 & V[Vs? & W/Vs?|

Fig. 3.2.25 (b) The dimensionless velocity at the X/R=0 &
Z/R=0 (48/96).
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| = UfVs1 = V/Vsl = W/Vsl & UJVs? & V[Vs? & W/Vs?|

1
T

1

Fig. 3.2.25 (¢) The dimensionless velocity at the X/R=0 &
Z/R=0 (96/96).

= U/Vs1 = V/Vsl = W/Vsl -+ U/Vs2 & V/Vs2 -+« W/Vs2 |

i
LY |

Y/R
Fig. 3.2.25 (d) The dimensionless velocity at the X/R=0 &
7Z/R=0 (mean).
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