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Identification of Factors Affecting Errors of Velocity Calculation on Application
of MLSPIV and Analysys of its Errors through Labortory Experiment
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Abstract

Large-Scale Particle Image Velocimetry (LSPIV) is an extension of particle image velocimetry (PIV)
for measurement of flows spanning large areas in laboratory or field conditions. LSPIV is composed
of six elements - seeding, illumination, recording, image transformation, image processing, post-
processing — based on PIV. Possible error elements at each step of Mobile LSPIV (MLSPIV), which
is a mobile version of LSPIV, in field applications are identified and summarized the effect of the
errors which were quantified in the previous studies. The total number of elemental errors is 27, and
five error sources were evaluated previously, seven elemental errors are not effective to the current
MLSPIV system. Among 15 elemental errors, four errors - sampling time, image resolution, tracer,
and wind - are investigated through an experiment at a laboratory to figure out how those errors
affect to velocity calculation. The analysis to figure out the effect of the number of images used for
image processing on the velocity calculation error shows that if over 50 images or more are used, the
error due to it goes below 1 2. The effect of the image resolution on velocity calculation was
investigated through various image resolution using digital camera. Low resolution image set made 3
% of velocity calculation error comparing with high resolution image set as a reference. For the effect
of tracers and wind, the wind effect on tracer is decreasing remarkably with increasing the flume
bulk velocity. To minimize the velocity evaluation error due to wind, tracers with high specific
gravity is favorable.

Keywords : MLSPIV, Elemental Errors, Number of Images, Image Resolution, Tracer, Wind
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Fig. 1. PIV Algorithm
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Fig. 2. Schematic Diagram of MLSPIV
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Fig. 3. Experimental Setup and Procedure of Calculation of Average Surface Velocity
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Table 1. Physical Characteristics of Tracers
Polystyrene Polypropylene Ecofoam
Color white black white
Shape sphere sphere bar
Length or Diameter (mm) 2~3 3~5 30~50
Width (mm) - - 10~15
Height (mm) - - 10~15
Density (kg/m”) 125 920 6.5
(Specific gravity, SG) (0.0125) (0.92) (0.0065)
3k Ao A 7HA AR vl DA AR o] HHFES 0224 m/sE FAI8F AEllA 02% 7+
o F Il FAo2HE 035656 m HFEFLE g Zeo] 455 frame?] o|V|X|E o]&3lo] HHAEE ALt
AR NgR A Exdd Hug H&A T gk 5 olE V|EFeRE w1, oA AFE 10, 0,
EEAE olgste] ¥4 AL We] FFRTE 100, 200, 300, 0002 EHE We] Tfel o3E
e AR T Y S MoztE BEWA  ANRE
xo] A7t tEel wel FEo] tEA Ve olm A 9] 47} 10 framed 7A$ ALY FHFEE
% b4 ek ol gl HYA 60 cm + 60 cm 455 frame®] o|MAE ol g3te] Autat ERAfEol v
WA o] LSPIV 22y 9 42 /et s 1m  shel 486 % 20 AXE S9ich % 1 99 49 %
e olmjR|e] MG} H0ol/doe]l A= Ve THASE

Zo AHAT. vl Ale] AEHew Bl o
A(Fig. Dol el oA LA L @Alaazz, gl
A fEuEFAN ARE A
0356 m a5 Pekaate] w4
A No. 5%E No. 971719 4l 7le] f4uEs B
somn AMgwel wvie] oladgael whalE
Aol oluA wRE fuEs 0 AE WiAs a9

42 = AEzn

Frr i

i
2
il

421 olo|x| Fi%ol wWE KFEEY 2*
60 cm Zo| %GR TN 19062 QL 5=
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S1tk(Fig. 4).
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Fig. 4. Effect of the Number of Images (Aspect Ratio=1.905, Bulk Velocity=0.224 m/s)
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Effect of image resolution
(polypropylene bheads, bulk velocity: 0.165m/s, ref.: video)
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(a) Normalized Velocity: Polypropylene Beads
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(b) Normalized Velocity: Ecofoam

Fig. 5. Effect of Image Resolution (Aspect Ratio=1.905, Bulk Velocity=0.165 m/s)
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Table 2. Velocity Calculation Results Under Six Flow Conditions

Aspect Bulk Tracers (Video) Error from Black (%) Error from Wind
. Velocity |Wind(m/s) 0.0 m/s
Ratio )
(m/s) E W B E W Video, B
0.0 0.1763 0.1820 0.1812 -2.7 04
0.165 1.8 0.0956 0.1332 0.1460 -345 -8.8 -19.5
24 0.0547 0.0930 0.1306 -58.1 -28.8 -27.9
3.5 0.0289 0.0394 0.1082 -73.3 -63.6 -40.3
0.0 0.2326 0.2351 0.2354 -1.2 -0.1
0.224 1.8 0.1711 0.2190 0.2105 -187 4.1 -10.7
1.905
24 0.1366 0.1843 0.2016 -32.3 -8.6 -14.5
3.5 0.1121 0.1582 0.1862 -39.8 -151 -21.0
0.0 0.3378 0.3374 0.3583 -5.7 -5.8
0.338 1.8 0.2764 0.3125 0.3093 -10.6 1.0 -13.7
2.4 0.2550 0.2981 0.3110 -18.0 -4.2 -13.2
35 0.2322 0.2774 0.3117 -255 -11.0 -13.0
0.0 0.3189 0.3194 0.3214 -0.8 -0.6
0.281 1.9 0.2444 0.2893 0.2956 -17.3 -2.1 -8.0
2.2 0.2131 0.2579 0.2756 =227 -6.4 -14.2
3.1 0.1759 0.2434 0.2721 -35.4 -10.5 -15.3
0.0 0.4315 0.4307 0.4430 -2.6 -2.8
0.388 1.9 0.3459 0.3942 0.4211 -17.9 -6.4 -49
3.846
2.2 0.3227 0.3810 0.4052 -20.4 -6.0 -85
3.1 0.2826 0.3531 0.3924 -28.0 -10.0 -114
0.0 0.6167 0.6031 0.5978 3.2 0.9
0.558 19 0.5510 0.5784 0.5700 -3.3 15 -4.6
2.2 0.5011 0.5603 0.5582 -10.2 04 -6.6
3.1 0.4689 0.5399 0.5409 -13.3 -0.2 -95
Effect of wind speed (Reference: No wind) Effect of wind speed (Reference: No wind)
High stage, Low velocity, Video image High stage, Med. velocity, Video image
12 1.2
1.1 4 1.1 4
1.0 4 1.0 4
209 2 09+ ﬁ\_\.\.
808 508 S A
30.7 50,7 Treeeeg
o 06 o 06
% 05 % 0.5 4
g 04 g 04
Z03 Z o3 | ——E
0.2 0.2 - -W
0.1 0.1 —a—B
0.0 0.0
1.8 24 35 1.8 24 35
Wind speed (m/s) Wind speed (m/s)
(a) Bulk Velocity: 0.165 m/s (b) Bulk Velocity: 0.224 m/s
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Effect of wind speed (Reference: No wind)
High stage, High velocity, Video image

Effect of wind speed (Refence: No wind)
Low stage, Low velocity, Video image

Wind speed (m/s)

1.2 1.2
1.1 4 1.14
1.0 4 1.0 4
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Wind speed (m/s) Wind speed (m/s)
(c) Bulk Velocity: 0.338 m/s (d) Bulk Velocity: 0.281 m/s
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Low stage, Medium velocity, Video image Low stage, High velocity, Video image
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(e) Bulk Velocity: 0.388 m/s

(f) Bulk Velocity: 0.558 m/s

Fig. 6. Suface Velocities due to Wind Speeds for Six Flow Conditions
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