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Abstract

A digital in-line holographic particle image velocimetry (HPIV) which can be applied to measure three-
dimensional velocity fields of turbulent flows was developed. There are three different implementation
methods of HPIV: traditional film-based HPIV, intermediate HPIV and digital HPIV. The traditional film-
based HPIV and intermediate HPIV method is rather troublesome to do experiments and takes long
calculation time, compared with the digital HPIV. Configuration of the digital in-line HPIV is simple and the
data processing routine is similar to conventional 2D PIV methods. The digital HPIV velocity field

measurement consists of four steps: recording, numerical reconstruction, particle extraction and velocity
extraction. In the velocity extraction process, we improved PTV algorithm to extract the displacement of
particle each placed in 3D space. The developed digital in-line HPIV system was applied to a vertical jet flow.

The 3D velocity vectors measured by the digital HPIV method in the near field are in a good agreement with

2D PIV results.
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Fig. 1 The traditional film-based HPIV method
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Fig. 2 Intermediate HPIV and digital HPTV methods

71 93l AEfEl HEs3en 71E9 2D PIV
Ao} Bt 7 A%-L Amwgch

i, pgE HPIV 7o Aee AZstn &es
],
=

2. E=2Ie0" prv

2.1 HPIV g H&|
HPIV 7| & &% ulfol EAste F2YaE
(tracer particles)?] = 1#l¥ A4S 3
e &2 FHske AS7Idelth 2D PIV 7|
Was 98 HPIV 7IEHE& AP HFo] e F
Heol x&2 T3 =FHUAY 3349 2Ry
d4e ASsa Add dAIFezREH 344
WHE FEsts 3aYg FAAHEA slEolth
He g GAld wepd A A

A WAE AEA WA



Digital Holographic PIV 7]® 2] 7%=} A}

o Fig. 12 239 I§& o8% AEHQ

HPIV 719 7153 A4#HH & vehd ool

71 &3 A [Fig. 1(a)]< ) T (object wave)?} Az}
(reference wave)7} A2 H] Z(off-axis) WO & o
Folx glod ojge ez A AHIL F
FHor 2" "UFd 7|54 Hoh Fig
IbE 718" FEL d4AYsd ¥ E2a

AL AH3 g A 24D T AYRE
YAstel Brhdel dAIRe AdsE FPe
dehdoh B4 A4E YRGS 33 o
FAAN ¥4E sl vdgRe A5
4o Fzadd P89 A4S 958 H4E9
2 53992 7192 & AW ¢ 2RIBL
A7) e WES WAoo} 5ta, FeHEo
2 AT 2ol A G4 G537 9
o 4 NSFAE BN 3AHUH0E §4
2)

=
Salok st olelgol o
g7A el A8

ris
£

>
L
2

A
o
=
iih)
H
u!l[L
ne
rr

A y]go] go] Zi= wo] g
T WA F7i9A HPV 2)YHe oYy 9
& ol &&: AL oy FetAR Ak 9
1

s,l] sl A3 A AHHE (numerical

{
)

52 01%0}04 71-— }il FAHow e
A 9] HPIV 7]
]

20 o

olN &

h.H- I‘ﬂ il

i
g
ol

A
il
LU
o
b
N
Jkt
o
[

2
2
oZ,

Mookl > rlo

oo

i
olr
ot

!
i

Kl
o Jo um N A g

»
o,
=y 2efepyl

gL R o

o
r

ot
I

K
o
dep o
N _;}m rl.’
o
ir

>
(2 o
Ul

>,

do N @
i

ki Lo
o
B oo
™,
==
ok
>
5
¥,
B

2
‘.,v
%
2
0

.o
jl
i

BN ok HU ol rE
1o
A
)‘} T
52 OB B0\
Lo ,
X,
o o

See

& A
Fig. 2(b)x> A WA @A ¢ l g HPIV 7|8 &
et Aoltt, R ade HEL AlgstA gm
utz ¥ 7] &3 X (CCD/CMOS 7}121]»})011 715
b}J FAHoR At TRy dES A}

FatA] 7] mEel oy A o HAR
°°l Nom AlzEl FAo] 7] duwrHQd ply
7193 Arsteh BAd e Ao o8 7HA
DAHRE vtE stoetd 7189 & gEaw o
o FxHoz ZH"“O}-O:] Olz].‘:d 7+

%
oh
o
N

TE A5sHA "ok FEage ggd e ¥
A= £4999 Arie duRos £
ok daapae] 71E HPIV /Wl s Algo]
Hal A AR FAdo] dsin Ae v g3} Alzho)
AQFHE 3lo] 2 AHolth

EfEoY 58 125
R L
(e 0 .
NG N
Particle ficld CCD/ CMOS camera
(a) Single-beam in-line holography with forward
scattering
R

CCD/CMOS camera

Particle field

(b) Dual-beam in-line holography with forward
scattering
‘ R

CCD/CMOS camera

\/ 0
o
QD Particle field

(c) Dual-beam in-line holography with 90° scattering
Fig. 3 Three recording configuration of digital
HPIV

HPIV 710e w47 71%sta Agss
oz wasen gk olRe FzadY BF
CI8THE ol W AT Rid Yo
2 sl 8] WEelwl, tiAY sl= Ao
co wAE gRsn AT 2 ATdlAL

4 50000 slee] £ 4§ P42 O
9 e Tzads 04 AT Bel FHQ
2239 7142 e YAY P4 HPIV
We Sysach

ol > gl EE.

db r'iru

)

22 C{XE HPiv 2l #Ha|
Yol AF@Eel AL HPV F¥e CCp
EL CMOS 4AMo ARHo= TFEO,Z]'«]
IBE two-frame, ©0)FxE "oz JE
A" HPIV 7[¥ollMe O EA4 v
2 71254 gt &, 9F "o
B g UE 4%l °3’E}(twn image) A=
2 Foste RiuE QA
g Bd £x3xog x.]];]g & itk moh 7]

U

o
g

ok
rSL m

O
1z

-3
>
ox & Lo

[

N
0 e

Lo
N

Z,
L
2 5
25
R
o
Ao
e
of '

£ 00 i
YO S 2
L L
N of
L
oX
fo
I"J
i
I
o
N
= 4o
-%
)

2Ly
O
L)
o



126 3

( Raw holograms ]

I
( Hologram preprocessing
il

( Numerical reconstruction ]

|
Particle extraction
from reconstructed wave
I
1 Velocity extraction
from particle 3D coordinates

r 3D velocity vectors 4}

Fig. 4 Flowchart of digital in-line HPIV technique
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(b) 3D velocity field after 3D interpolation

Fig. 8 Instantaneous velocity vectors obtained by
digital in-line HPIV technique
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