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3.Particle Image Velocimetry

1. Optical Methods
2. Large Scale Particle Image Veocimetry (LSPIV)
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Fig.1.Spatial correlation of particle light intensity between two
consecutive images for a scanning window
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Fig.2. A view of the laboratory channel used in the present study:

(1) pumps, (2) flowmeter, (3) 90degree bend, (4, 5 and 6) tanks 1,

2 and 3, (7) metal tank, (8) Adjustable overflow
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Fig. 3. Using a monitor connected to the storage device to view
the captured images online
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rOSS section

(m)
Flow 3% 0.5 1.0 1.5
(cm)
12.5 36 34 38
15.5 37 37 38
18.5 41 27 45

Table.2. Calculated flow rate values in liters per second for the
depth of 12.5, 15.5 and 18.5 cm at different points (using a 20
pixel scanning window)
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Flow
depth (em) 125 1 =

Discha (Lit/S 385 38.5 38.5
rge ec)
Channe

| width (cm)  60.0 60.0 60.0
Averag m/Se 54 0.41 0.51

e speed )
Froude _

Number 026 04 04
Reynol _ 400 420 430

ds number 00 00 00

Table.1. Hydraulic conditions of the tests performed in the
laboratory channel
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Fig. 4. The average surface velocity vectors of the flow in the
laboratory channel at a depth of 12.5 cm for two computational
grids of 15 x 60 points (image a) and 8 x 30 points (image b)
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12.5 15.5 18.5
(pixels)
10 35.8 30.6 -8.3
20 -6.5 -3.1 -2.1
30 -29.1 -13.5 -22.9
40 -47.3 -35.1 -34.3

Table.4. The relative error rate of the flow rate measurement
by the large-scale image velocimetry method in comparison
with the values of the electromagnetic flow meter
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Fig. 6. The absolute value of the relative error of the flow rate
measurement in the laboratory channel according to the
dimensions of the exploration window for different depths
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Fig. 5. Examining the effect of camera positioning (1) installation in the
center of the channel vertically (2) installation at the entrance of the
channel obliquely; Average flow surface velocity vectors in the laboratory
channel at a depth of 15.5 cm for two positions of the camera inclined
mode (3), vertical mode (4)
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Flow depth
(cm)
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explaration
window
(pixels)
10 52.3 50.3 353
20 36 373 37.7
30 27.3 333 29.7
40 20.3 25 253

Table.3. The flow rate values measured by the large-scale
image velocimetry method in liters per second
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Table.5.The relative error rate of flow rate measurement by large-
scale image velocimetry method for different speed conversion
coefficients
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Abstract

Large Scale Particle Image Velocimetry (LSPIV) is an optical measurement technique that has gained
popularity in recent years due to its ability to estimate flow parameters such as discharge and velocity. In this
study, we investigated the influence of environmental parameters on the accuracy of LSPIV measurements in
laboratory-scale experiments. We conducted experiments in a laboratory flume with varying camera positions,
camera tilt angles, window sizes, and flow coefficients. We utilized image processing methods to calculate the
discharge and velocity fields and evaluated the accuracy of LSPIV measurements at different depths.

Our results showed that the optimal window size for LSPIV measurements was 20 pixels. This finding was
consistent with previous studies that demonstrated that larger window sizes can lead to underestimation of
velocity values due to the smoothing effect of the averaging process. A smaller window size helps in capturing
more details of the flow field, which leads to more accurate velocity estimation. Regarding camera position,
we found that tilted camera angles provided more accurate results compared to vertical camera positions. This
finding was attributed to the fact that tilted cameras can capture more particles and have a better view of
the flow structure, resulting in more accurate velocity measurements. This finding is consistent with previous
studies that have shown that the camera position and angle can significantly impact the accuracy
of LSPIV measurements. The flow coefficient is a dimensionless parameter that describes the relationship
between the velocity of the flow and the velocity of the particles. In our study, we investigated the influence
of the flow coefficient on the accuracy of LSPIV measurements. We found that the optimal flow
coefficient was between 0.85 and 0.90. Selecting an appropriate flow coefficient is essential for accurate
LSPIV measurements, and our findings are consistent with previous studies that have shown the importance
of selecting an appropriate flow coefficient. Furthermore, we evaluated the effect of the depth of the flow on
the accuracy of LSPIV measurements. Our results showed that LSPIV measurements were accurate at depths
of 12.5, 15.5, and 18.5 cm, with relative error values of 6.5%, 3.1%, and 2.1%, respectively.

These findings demonstrate the potential of LSPIV as an accurate and effective technique for estimating flow
parameters at different depths in laboratory and field-scale studies. Our findings can be used to optimize LSPIV
measurements in laboratory and field-scale studies. We highlight the importance of selecting appropriate
environmental parameters to obtain accurate LSPIV measurements and provide recommendations for the
optimal selection of these parameters. By selecting appropriate computational network, camera position,
optimal window size, hydraulic characteristics, and flow coefficient, the LSPIV system can accurately
estimate discharge and velocity values in laboratory conditions. Future studies can explore the influence of
other environmental parameters, such as lighting conditions and particle seeding density, on the accuracy of
LSPIV measurements.

Keywords: Flow measurement, particle image velocity measurement, open channel flow, CCTV, sensitivity
measurement
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