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Abstract

The Holographic Particle Velocimetry system can be a promising optical tool for the measurements
of three dimensional particle velocities. In this research, validation experiments for the development of
holographic particle velocimetry system for spray droplets were conducted with measuring the velocities
of glass beads on a rotating disk. Uncertainty analysis was performed to identify the sources of all
relevant errors and to evaluate their magnitude. The measurement results of distance between glass
beads, size, and velocities obtained with holographic method are compared reasonably well with the
known values within acceptable range of errors.
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Fig. 2 Experimental appratus of rotating disk system

Table 1 Size and position of glass beads

Radius Radius
Actual Actual
of bead . of bead -
No. position I)l?r[;?ne)ter No. position I)12211;$I(;ter
(mm) (mm)
1 31080012 | 13 2.056 1 0.008
2 2.090£0.010 | 14 2.231+0.019
3 3.034£0.008 | 15 _ 2.210+£0.016
— 125 — 105
4 3.244%0015 | 16 2.094%0.008
5 3.054%0019 | 17 2.162+0.017
6 3.052£0017 | 18 1.996£0.045
7 1.112%£0012 | 19 0.862+0.021
8 114810014 | 20 0.826+0.019
9 15 1.162£0.012 | 21 & 0.790 £ 0.024
10 1.124£0.012 | 22 0.770L0.018
11 106020015 | 23 0.772 £0.023
12 L 1.122£0.012 | 24 0.750.£0.012
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Fig. 3 Image reconstruction and processing system
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Fig. 4 Holographically reconstructed virtual image
of glass beads
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Fig. 5 Position of 4 glass beads shown in Fig. 4
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Table 2 Comparison of actual distances between
glass beads with measured values

. Actual Measured | Relative

AXISECadS Distance {sm) | Distarce (un) {Error(%6)
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Table 3 Comparison of actual glass bead
diameters with measured values

Bead Actual Diameter Measured Relative
(mm) Diameter (mm) | Error (%)
1 1.122 = 1.070 *= 46
0.012 (1.1%) 0.094 (8.8%) :
5 1.996 + 2.007 = 0.6
0.045 (2.3%) 0.104 (5.2%) :
3 3.052 *= 3.077 = 0.8
0.017 (0.6%) 0.122 (4.0%) :
4 3.108 + 3.122 * 05
0.012 (0.4%) 0.122 (3.9%) :
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Fig. 6 Comparison of actual glass bead diameters
with measured values
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Fig. 7 Holographically reconstructed double images
of particle;

image of (a) first pulse (b)
second pulse is focusd

==
&3

g L

A7e ERAdx, AA A dig
Table 37} Fig. 69 YERAQIT). Fig.
A 24 eagde TP 9% A
4 EgAE £& L}E}LHU% 73 exvge 4
Az 28EE & Vehdt A9 4
xﬂ A7)l et li:LEME ol g4 %
ARt A Ad akE Hd 5 % & ¥9A
o, 20y ol& FAHAY i
A Hd 19 % HWAE ¥x @
Aok olAF eAEL AR A7 F
duHez ¢ 3A Yepts Uk

or R

=
45

=)

o

_4

=28
gzs

<) XX

st 813
9 w4 125 m o YA
7+ 500 ps 9l olF 4
TRl A e A
A AR} F W
o] WO]D% Cccp FhEE
o] &3l Fig. 7 (ay= A WA #
29 olmAe), (bye F WA HA olujAd %
AS wE zlo|t)

T AHF2RY Add dAe AA £x9
@_5 &S Table 40 YFERARICE A% A
é?é«l BEZAE 4,5 53 A7 9% o

FAE(E 0.5 pm)st ThF SAd o3 A
}i T4 €

1,284

L
o

Moo H°

o ﬁ b e

uo=\ Cug)®+ (t,pS7)? ®)

dAe AA £5 V=

oV
ow

oV,

o N ERARE R

=V (0 up)’+ (R u,)

2 BAHY, ype WAF
Hyjo] AgHxg WA
0.025 m 7} v},

ii:ﬂﬂﬂe ol-&& A 4
Hxo 3 g YApe] olm| X 2HE,
o7 o|%3 AHIUE &AHslo "HA 71HA
ol 78 & ok x z B W 28
=, Aed x 2 WF AT A FFAY
AE A& HRF 22 Wyl 98 i

Ak B ASF 813, 1284 rpm o AL, A AG
(E)= Z+Z} 0.025, 0.033 mm/pixel ot} YA} o]
UAZE x F& ol%AY, D& 7 dx 4R
o] 4117, 12608 7 F, @4 AsFE Fsl
o 3]zl

B g
s nN

"

[e]
B OHD R oW

A

o oox
i

rlo

*‘l\_

¥

X,
Qi
Al
3

D,=FxN an

WA, x & A2 H49 BHAR 4,
aD aD,

“sz\/ ( I ”F)2+(_W
=V (N up)?+ (F uy)’

2
uN) (12)

o S ANHM, 24 Hafe BHAR, u,
& +2 32 4x9 922 sbxEdnh

A olmAzE 2 & ARE 4&4F 2HW 2
4 el dstel 2 G4xe xdNe A,
5 4A Ade ARG - & oA 2
Aol BHUE upt 24W A6l dold, 2

2 7FE = dE 2 F Zo] 3 YA
sl zh gt 3[4 813, 1284 rpm o thal A



ERaYuE o) &% EF A4 £
Table 4 Comparison of actual glass bead
velocities with measured values
Actual Measured Relative
Velocity (Ms) Velocity (%) Error
RPM | Va Vx Vz Vm (%)
813+ 106371 | 5830% | 8530+ 10360+
2.05 0.027 0.165 0.224 0.207 2.56
(0.3%) (0.3% (2.8%) | (2.6%) (2.0%)
1284+ | 16,799+ | 8316% 137221 | 16.045%
137 0.020 0.280 0.285 0.284 4.49
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Fig. 8 Comparison of actual glass bead velocities
with measured values
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